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Abstract: Interstitial pneumonia (IP) is a significant adverse effect of chemotherapy in B-cell non-Hodgkin’s lym-
phoma (NHL) patients. This study aimed to identify the clinical characteristics, risk factors, and treatment outcomes
associated with IP in these patients. A retrospective review of 615 NHL patients treated at the Fourth Hospital of
Hebei Medical University from 2016 to 2021 identified 50 patients with IP post-chemotherapy as the case group.
A propensity score matched control group of 55 patients without pneumonia was established. Clinical profiles, risk
factors, and treatment outcomes were evaluated. The IP incidence was 8.13% (50/615) in B-cell NHL patients.
Multivariate analysis revealed liposomes, elevated lactate dehydrogenase (LDH), and erythrocyte sedimentation
rate (ESR) as independent risk factors for IP. Receiver Operating Characteristic (ROC) curve analyses suggested
that alterations in LDH and ESR could predict IP risk. The conclusion suggests that IP is associated with liposomal
doxorubicin-induced lung injury and other cytotoxic chemotherapy, possibly due to Rituximab (RTX)-induced immune
imbalance. Given the potential of IP with pulmonary infections, high-risk patients may need prophylactic antibiotics
and appropriate corticosteroid therapy.
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Introduction

B-cell non-Hodgkin’s lymphoma (NHL) is a high-
ly heterogeneous malignancy that typically
requires targeted first-line treatments, such
as cyclophosphamide, doxorubicin, vincristine,
and prednisone [1]. In China, B-cell NHL is the
most prevalent type of lymphoma, comprising
45.8% of all NHL cases [2]. B-cell NHL is an
aggressive cancer that often manifests with
rapid disease progression, accompanied by
local or systemic symptoms [3]. By the time of
diagnosis, the disease has often advanced to
stages lll or IV, posing a significant risk to the
patients’ health and lifespan [4]. The aggres-
sive nature and rapid progression of B-cell NHL
underscore the necessity for proactive monitor-
ing and timely intervention to effectively man-
age the condition and mitigate its impact on
the patients’ health and well-being.

As a first-line monotherapy or in combination
with other regimens, rituximab (RTX) signifi-

cantly improves the progression-free survival
(PFS) and overall survival (OS) of patients with
B-cell NHL [5]. With the widespread use of RTX,
the incidence of RTX-associated interstitial pn-
eumonitis (IP) is also on the rise [6]. Emerging
evidence suggests that the incidence of RTX-
related IP ranges from 3.7% to 16.7% [7]. Fur-
thermore, patients often encounter secondary
pulmonary infections due to compromised im-
munity and myeloid inhibition caused by the
toxicity of chemotherapeutic drugs, complicat-
ing the management of the primary disease [8].
There is an increase in reports of pulmonary
adverse reactions following B-cell NHL treat-
ment, with IP being the most prevalent [9, 10].
However, the correlated risk factors of IP in
B-cell NHL patients following chemotherapy are
yet to be fully understood.

Despite RTX, other factors have also been dis-
covered as risk factors for IP in B-cell NHL
patients following chemotherapy. However,
most of these findings are from retrospective
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studies with small sample sizes and case
reports. The accuracy of these results needs
further validation [11, 12]. A comprehensive
understanding of the risk factors, prevention,
and treatment of chemotherapy-related IP in
B-cell NHL patients is still lacking. This study
retrospectively analyzed the basic characteris-
tics and treatment outcomes of 50 B-cell NHL
patients who developed IP after chemotherapy,
as well as 55 patients without IP at the Fourth
Hospital of Hebei Medical University from
January 2016 to October 2021. The objective
of this study is to explore the risk factors of
B-cell NHL-associated IP, enhancing clinicians’
ability for early identification, prevention, and
treatment of IP following B-cell NHL chemother-
apy, ultimately improving patient prognosis.

Methods
Study population

We retrospectively evaluated the clinical char-
acteristics of 50 patients with B-cell NHL who
developed IP after chemotherapy at the Fourth
Hospital of Hebei Medical University from
January 2016 to October 2021 (case group)
and 55 patients without IP (control group). This
study was approved by the Ethics Committee of
the Fourth Hospital of Hebei Medical University
(No. 2021KY122). All procedures adhered to
the ethical standards set by the committee and
were in accordance with the 1975 Helsinki
Declaration, as revised in 1983. Informed con-
sent was waived due to the retrospective
nature.

Inclusion criteria: (1) Patients with B-cell NHL
initially diagnosed in the Department of Pa-
thology at the Fourth Hospital of Hebei Me-
dical University between January 2016 and
October 2021; (2) Patients with complete clini-
cal data; (3) Patients over 18 years of age who
had received > one cycle of chemotherapy; (4)
Patients who developed IP during initial treat-
ment (1 to 8 cycles of chemotherapy, with or
without combined targeted therapy) were in-
cluded in the case group; (5) Patients who did
not develop IP during the initial treatment (1 to
8 cycles of chemotherapy, with or without com-
bined targeted therapy) were included in the
control group.

Exclusion criteria: (1) Patients whose pneumo-
nia was not caused by chemotherapy-related
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factors. (2) Patients with recurrent or refractory
diseases. (3) Patients with incomplete or misdi-
agnosed clinical data during the follow-up peri-
od. (4) Cases of primary NHL or NHL metasta-
sized to the lung. (5) Patients who experienced
a pulmonary infection prior to the onset of IP.

Diagnostic criteria of B cell NHL

The diagnosis of B cell non-Hodgkin’s lympho-
ma (NHL) in our study was established based
on the latest edition of diagnostic criteria pro-
vided by the Chinese Clinical Oncology Asso-
ciation (CSCO) “Guidelines for the Diagnosis
and Treatment of Lymphoma” [13]. The criteria
recommend a multi-modal approach, including
a thorough medical history review, physical
examination, laboratory tests (e.g., complete
blood count, bone marrow biopsy, and immuno-
histochemistry results), and imaging studies
(e.g., ultrasound, CT scans, and MRI). The diag-
nostic criteria encompassed the following key
components: (1) Clinical Presentation: Evalu-
ation of symptoms such as lymphadenopathy,
hepatosplenomegaly, weight loss, and fever;
(2) Morphological Examination: Microscopic as-
sessment of biopsy specimens from involved
lymph nodes or extranodal sites to identify the
presence of malignant B cells; (3) Immuno-
phenotyping: Flow cytometric analysis of blood
or bone marrow samples to characterize the
immunological features of the lymphocytes; (4)
Cytogenetic and Molecular Testing: Karyotype
analysis and molecular genetic testing for spe-
cific genetic markers or mutations associated
with B cell NHL. The diagnostic process also
took into account the staging of the disease,
which was conducted utilizing the Lugano stag-
ing standard version 2014.

Chemotherapy regimen

RTX, 375 mg/m?, was diluted and injected
intravenously. Subsequently, to prevent infu-
sion reactions to rituximab, 500 mg of acet-
aminophen, 20 mg of diphenhydramine, and 5
mg of dexamethasone were injected intrave-
nously. For elderly patients presenting with re-
spiratory symptoms or hypotension, 24-hour
ECG monitoring was recommended. Liposomal
doxorubicin, 25-40 mg/m?, was adjusted based
on age and the occurrence of potential toxic
reactions during treatment. In cases of leuko-
penia induced by chemotherapy, recombinant
human granulocyte colony-stimulating factor
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Table 1. Clinical characteristics of patients in case group and

control group

study, the diagnostic criteria for
IP were mainly based on the

Case group Control group Pvalue

findings from chest CT imaging,

Characteristics (n=50) (n=55) corroborated by clinical sym-
Age 0.000 ptoms.
> 55 28 25 Statistical analysis
<55 22 30
Gender 0.249 SPSS 25.0 software was used
Male 24 27 for statistical analysis. The x?
Female 26 28 test was employed to compare
Basic cardiopulmonary diseases 0.005 the two groups. The propensity
Yes 31 29 matching method was used to
No 19 26 matoh the two grpups of pa-
Diagnosis 0.773 tlent§ W|th and wfnhout pneu-
DLBCL 34 37 monia. Thl|§.ma.tch|ng ensured
comparabilitiy in key factors
Non-DLBCL 16 18 such as gender, diagnosis, and
Disease stage 0.067 tumor staging. It helped mini-
limited stage 17 19 mize the influence of confound-
Progressive stage 33 36 ing factors, making the compar-
Treatment ison between the two groups
Including RTX 39 41 0.000 more precise. The clinical fea-
Not including RTX 11 14 tures and hematological index-
Liposome containing doxorubicin 30 36 0.001 es were assessed through uni-
Liposome-free doxorubicin 20 19 variate analysis to identify po-

Note: DLBCL: Diffuse large B-cell ymphoma; RTX: Rituximab.

(rhG-CSF) was administered depending on
the severity of myeloid suppression. Patients
with thrombocytopenia graded I-IV were treat-
ed with recombinant human thrombopoietin
(RHTPO) and, if necessary, platelet transfu-
sions. In the event of grade IV myelosuppres-
sion, antibiotics should be administered to pre-
vent infections, and the patient should be
transferred to a laminar flow ward to minimize
the risk of serious complications. Symptomatic
supportive care, tailored to the patient’s indi-
vidual condition, was provided throughout the
treatment period.

IP diagnostic criteria

The diagnosis of IP mainly relies on a combina-
tion of clinical symptoms, laboratory tests,
imaging studies, and pathological examination.
Common symptoms associated with IP include
dyspnea, fever, and cough; additional symp-
toms such as expectoration may also exist. The
onset of IP is typically gradual, although there
are instances where patients experience acute
hypersensitive pneumonia or conditions akin to
acute respiratory distress syndrome. In this
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tential risk factors for the inci-
dence of IP. The independent
risk factors of B cell NHL were
determined by including the variables with P <
0.05 from the univariate analysis in the multi-
variate logistic regression equation. The find-
ings from the analysis were integrated into R
software to generate a Nomogram chart. ROC
curves for changes in lactate dehydrogenase
(LDH) and erythrocyte sedimentation rate (ESR)
before and after chemotherapy in predicting IP
were constructed. Statistical significance was
established at P < 0.05.

Results
Patient characteristics

Table 1 provides a comprehensive overview of
the demographic and clinical characteristics of
the 105 patients diagnosed with B-cell NHL
between May 2018 and October 2020. Uni-
variate analysis revealed significant differenc-
es between the case group and the control
group in the following aspects: age (= 55 years
vs. < 55 years), presence of cardiopulmonary
underlying diseases, and treatment regimens
that included or excluded liposome doxorubicin
and/or RTX (all P < 0.05). These findings high-
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Table 2. Univariate analysis of hematological indexes in patients

before and after chemotherapy

“Increase” indicates that the
difference in the index before

Hematological indicators

Case group Control group Pvalue

and after chemotherapy was

(n=50) (n=55) positive; “Non-increase” means
LDH 0.030 that the difference of the in-
Increase o8 29 Shex before and a;ter chemo-
) erapy was negative or zero;
le_\ll\c/lng-mcrease 22 26 0.774 “decrease” n'ne'ans that the dif-
) ference of this index before and
Increase 34 38 after chemotherapy was nega-
Non-increase 16 27 tive; and non-decrease indi-
ESR 0.000 cates the difference of this
Increase 42 38 index before and after chemo-
Non-increase 8 19 therapy was negative or zero.
Plasma albumin 0.773 The results of univariate analy-
Decrease 34 37 sis showed that there were sig-
Non-decrease 16 18 nificant differences between
Plasma globulin 0.705 the two groups in the following
Increase 14 17 aspects: LDH F:hange and ESR
Non-increase 36 38 change of patients before and
after chemotherapy (all P <
leukocyte count 0.668 0.05, Table 2).
Increase 29 28
Non-increase 21 27 Multivariate regression analy-
Absolute value of lymphocytes 0.692 sis of independent risk factors
Increase 11 10 for IP
Non-increase 39 40 o .
Medullary inhibition 0.063 Multwanate regression analy-
sis was conducted to further
I-Il degree 32 34 . .
explore the relationship bet-
IHV degree 18 21 ween clinical characteristics,
Hemoglobin 0.860 hematological indexes, and the
Diminished 15 20 occurrence of immune paresis
Undiminished 35 30 (IP) in patients diagnosed with

Note: Increase: the difference of this index before and after chemotherapy was
positive; Non-increase/non-decrease: the difference of this index before and after
chemotherapy was negative or zero; Decrease: the difference of this index before

and after chemotherapy was negative.

light the potential impact of age, cardiopulmo-
nary comorbidities, and specific treatment
modalities on the clinical outcomes of B-cell
NHL patients. The identified disparities under-
score the importance of tailored therapeutic
approaches and personalized care strategies
for patients with B-cell NHL. These results
emphasize the need for further investigation
and consideration of these factors in clinical
decision-making.

Hematological indicators of patients

Table 2 demonstrates the the changes in
hematological indicators for the 105 patients
with B-cell NHL before and after chemotherapy.
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B-cell NHL. The results showed
that the chemotherapy regi-
men containing liposome do-
xorubicin (OR=3.960, 95% CI:
1.104-5.419), increased LDH
after chemotherapy (OR=3.114, 95% Cl: 1.428-
7.595), and increased ESR (OR=5.587, 95% ClI:
2.218-13.672) after chemotherapy were inde-
pendent risk factors of IP in B-cell NHL patients
(Table 3). These findings underscore the impor-
tance of considering specific chemotherapy
regimens and monitoring post-chemotherapy
changes in LDH and ESR levels as potential
indicators for IP.

Construction of a nomogram model

In univariate analysis, liposome doxorubicin,
LDH and ESR were significantly associated with
the risk of IP in patients with B-cell NHL.
Subsequently, liposome doxorubicin, LDH and

Am J Cancer Res 2024;14(9):4484-4494



Post-chemo IP in B-cell NHL: clinical features, risks, prognosis

Table 3. Multivariate logistic regression analysis of independent risk factors for IP

Factors B SE Wald P OR 95% ClI
LDH (Increase) 0.856 0.459 7574 0.001 3.114 1.428-7.595
LDH (Non-increase) 1.339 0.451 6.055 0.527 3.672 1.985-6.447
32-MG (Increase/Non-increase) 0.682 0.249 4528 0.133 4.550 2.334-7.958
ESR (Increase) 1.975 0.551 4.907 0.004 5.587 2.218-13.672
ESR (Non-increase) 0.779 0.593 3.669 0.598 2.330 1.409-5.677
Plasma albumin (Decrease/Non-decrease) 0.998 0.698 3.556 0.087 1.378 0.698-4.330
leukocyte count (Increase/Non-increase) 0.807 0.446 5.609 0.078 2.356 1.509-5.669
Absolute value of lymphocytes (Increase/Non-increase) 1.335 0.871 3.495 1.044 3.409 2.330-6.409
Medullary inhibition (I-1l degree/IlI-IV degree) 0.648 0.450 4.597 0.948 4.559 1.449-5.499
Liposome doxorubicin 1.533 0.550 7.662 0.000 3.960 1.104-5.419
Hemoglobin (Diminished/Undiminished) 0.556 0.456 5.697 0.459 2.449 1.009-5.650
RTX 1.841 0.7883 4.558 0.032 2.558 1.456-10.664

Note: B: regression coefficient; SE: standard error; OR: odds ratio; 95% Cl: 95% confidence interval.
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Figure 1. Nomogram for predicting the risk of IP in patients with B-cell non-
Hodgkin’s lymphoma. LDH: lactate dehydrogenase; ESR: erythrocyte sedi-
mentation rate; Ldox: liposome doxorubicin.
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Figure 2. The accumulated incidence of IP varied by the count of risk factors.
IP, interstitial pneumonia.

ESR were included in the final nomogram
model. The results of the Nomogram are dem-
onstrated in Figure 1.

4488

Cumulative incidence of IP

Patients were categorized
based on their risk factors:
individuals without risk fac-
tors were classified as low-
risk, those with one to two
factors as intermediate-risk,
and those with three factors
as high-risk. The occurrence
of IP differed across the
groups, as demonstrated in
Figure 2 (low risk: 0%; inter-
mediate risk: 10.3%; high
risk: 20.5%; P = 0.059). Fur-
ther analysis is warranted to
validate these risk categories
and to explore the potential
for incorporating them into
clinical decision-making pro-
cesses. This could aid in the
early identification and proac-
tive management of patients
at higher risk of developing
IP, thereby potentially improv-
ing patient outcomes and mi-
nimizing the impact of this
complication on treatment ef-
ficacy.

Predictive effect of LDH on
the occurrence of IP

ROC curve analysis showed that the area under
the curve (AUC) for changes in LDH level after
chemotherapy in predicting the occurrence of
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Table 4. Evaluation of diagnostic value of LDH

Indicator AUC 95% CI

p

Sensitivity (%) Specificity (%) Cut-off value

LDH 0.596

0.509-0.679 0.036*

67 55.6 11

Note: *: P < 0.05. AUC: area under the curve; 95% Cl: 95% confidence interval; LDH: lactate dehydrogenase.

LDH

Clinical characteristics and
treatment outcome of case

100

80—

3; 60

>

‘n

G

N 40 =
20+

.- group

After radiotherapy, sixteen
patients (32%) were asymp-
tomatic, and follow-up ob-
servation revealed a stable
condition in these individuals.
Of the patients who under-
went IP treatment, treatment
approaches varied: 10 cases
received antibiotics alone, 15
were treated with glucocorti-
coids, six cases received a
combination of glucocorti-
coids and antibiotics, and
three cases received gluco-
corticoids exclusively. Follo-
wing anti-inflammatory treat-
ment, symptoms were sig-
nificantly alleviated or condi-

0-4- T T T
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100% - Specificity%

Figure 3. ROC curve for changes in LDH level in predicting the occurrence
of IP in B-cell NHL patients after chemotherapy. ROC: receiver operating
characteristic; LDH: lactate dehydrogenase; IP: interstitial pneumonia; B-cell

NHL: B-cell Non-Hodgkin’s Lymphoma.

IP was significant (P < 0.05, Table 4 and Figure
3), suggesting that the LDH has certain diag-
nostic value in predicting the occurrence of IP.

Predictive effect of ESR on the occurrence of
IP

ROC curve analysis exhibited that the AUC for
changes in ESR after chemotherapy in predict-
ing the occurrence of IP was significant (P <
0.05, Table 5 and Figure 4). The diagnostic per-
formance of ESR was superior to that of LDH,
with an AUC of 0.789. The cutoff value was
10.5, with a specificity of 83.6% and a sensitiv-
ity of 68.0%. This suggests that IP might devel-
op after chemotherapy in cases where the ESR
value is > 11.5 mm/h.
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80 100

tions were controlled in the
majority of patients (86%).
However, two patients (4%)
passed away due to respira-
tory failure secondary to IP.
These patients were elderly
males over the age of 65, all
categorized as high risk and
with a history of smoking for
over 20 years. Notably, these patients exhibit-
ed apparent symptoms, including cough, expec-
toration, chest tightness, shortness of breath,
and fever, with the highest body temperature
reaching up to 39.6°C (Table 6).

Discussion

The treatment of B-cell NHL varies greatly,
depending on the stage of the tumor, the grade
and type of lymphoma, and various patient fac-
tors [14]. B-cell NHL patients who undergo che-
motherapy are at risk of developing various
respiratory complications [15]. The literature
suggests a significant increase in the incidence
of adverse respiratory events following chemo-
therapy [16]. The direct toxic effects of chemo-
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Table 5. Evaluation of diagnostic value of ESR

Indicator AUC 95% ClI p

Sensitivity (%) Specificity (%) Cut-off value

ESR 0.789

0.735-0.895 0.000*

68 83.6 10.5

Note: *: P < 0.05. AUC: area under the curve; 95% Cl: 95% confidence interval; ESR: erythrocyte sedimentation rate.

ESR

suggests that the incidence
of IP in NHL patients receiving

100

80

60

Sensitivity%

chemotherapy is approxima-
tely 6.9% [9]. In this study,
the incidence of IP in B-cell
NHL patients after chemo-
therapy was 8.13% (50/615),
which is consistent with a pre-
vious study [10]. This high-
lights the importance of moni-
toring for respiratory compli-
cations and managing them
proactively in patients under-
going chemotherapy for B-cell
NHL.

Vicente-Rabaneda et al. de-
monstrated that RTX-related
IP predominantly occurred in
male patients and was most
frequent in individuals aged
50-60 [18], which aligns with

0+ T T T
0 20 40 60

100% - Specificity%

Figure 4. ROC curve for changes in ESR level in predicting the occurrence of
IP in B-cell NHL patients after chemotherapy. ESR: erythrocyte sedimentation
rate; ROC: receiver operating characteristic; B-cell NHL: B-cell Non-Hodgkin’s

Lymphoma; IP: interstitial pneumonia.

therapy agents on the lung parenchyma, the
systemic immunosuppression induced by the-
se treatments, and the potential exacerbation
of pre-existing pulmonary conditions are con-
tributing factors. Moreover, the concurrent use
of corticosteroids, often prescribed with che-
motherapy to reduce inflammation and tissue
damage, can complicate the respiratory situa-
tion by suppressing the immune response and
potentially increasing the risk of opportunistic
infections. In the setting of immune paresis,
characterized by animpaired immune response,
patients may be at increased risk for develop-
ing noninfectious interstitial pneumonias (NIIP)
or infectious interstitial pneumonias (lIP), each
with distinct clinical presentations and man-
agement approaches [17]. Emerging evidence

4490

80 100

the finding in this study that
the majority of the patients
with IP were over the age of
55. Vacchi et al. [19] com-
pared the occurrence of IP
after treatment with RCHOP
and RCDOP regimen for dif-
fuse large B-cell lymphoma
(DLBCL), and found that the
disease stage before treatment was an inde-
pendent risk factor for poor prognosis, which
was further confirmed by Liossis et al. [20].
However, in this study, there was no significant
difference in the distribution of disease sta-
ges between the two groups. In conclusion,
although our findings are generally consistent
with the existing literature on IP in DLBCL
patients, the lack of a significant difference in
disease stage distribution and the predomi-
nance of older patients are noteworthy excep-
tions. These findings emphasize the complexity
of IP and the importance of considering multi-
ple factors, such as age and disease stage,
when designing clinical trials and treatment
plans for IP patients. Additional research with
increased sample sizes and long-term tracking
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Table 6. Characteristics and treatment out-
come of case group

Hematological indicators Number of
cases
Fever
Yes 28
No 22
Symptom
Yes 34
No 16
The pathogen of co-infection
Fungus 13
Bacteria 14
Fungus and Bacteria 5
Sporotrichosis 2
IP treatment
Contains glucocorticoids 15
Glucocorticoid alone 3
Unused corticosteroids 11
Antibiotics alone 10
Glucocorticoids and antibiotics 6
Untreated 5
Outcome
Improvement or stable control 43
Disease progression 5
Death 2

Note: IP, interstitial pneumonia.

is required to fully grasp the implications of
these findings and to enhance the prognosis
for patients suffering from IP. Comprehensive,
long-term follow-up studies are crucial to con-
firm these results and to provide guidance for
clinical interventions in the treatment of IP
associated with DLBCL.

A multivariate analysis showed that low serum
albumin levels were associated with pulmonary
complications [20]. Sunny et al. retrospectively
analyzed the correlation between RTX-related
IP and clinical outcomes in 6 patients with
CD20+ B cell lymphoma, and the results sh-
owed that the increased LDH level was a risk
factor of RTX-related IP, but the sample size of
this study was small, and the bias was large
[24]. The accuracy of the results needs to be
verified by large-scale clinical studies. In this
study, 50 patients with IP were studied, the
sample size was relatively large, and by com-
paring LDH levels before and after chemothera-
py, we concluded that the increase in LDH after
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chemotherapy was an independent risk factor
for the occurrence of IP. The implications of
such findings could inform clinical practice by
highlighting the potential role of LDH as a pre-
dictive biomarker for the occurrence of IP in
patients undergoing chemotherapy for CD20+
B cell lymphoma.

The National Comprehensive Cancer Net-
work (NCCN) guidelines recommend that the
RCDOP regimen containing liposomal doxorubi-
cin (combined with RTX, cyclophosphamide,
vincristine, and prednisone) is the standard
first-line treatment for DLBCL patients with left
ventricular insufficiency and poor tolerance
[22]. Experts have reached a consensus on the
use of liposomal doxorubicin in treating lym-
phoma. Liposomal doxorubicin is a formulation
of the chemotherapy drug doxorubicin encap-
sulated within liposomes, allowing for targeted
drug delivery to cancer cells while reducing tox-
icity to healthy tissues [23]. However, with the
wide application of liposome doxorubicin, the
occurrence of IP is increasing [24]. Data from a
phase Il clinical trial showed that the incidence
of IP in multiple myeloma patients after liposo-
mal doxorubicin combined chemotherapy was
15%, suggesting that the use of liposomal
doxorubicin is a significant risk factor for the
occurrence of IP [25]. Patients treated with lipo-
somal doxorubicin need to strengthen the pre-
vention, monitoring, and supportive treatment
of IP, which requires special attention of clini-
cians. In addition, the pulmonary toxicity of tar-
geted drugs commonly used in patients with
B-cell NHL, such as rituximab (RTX), is also
reported frequently. RTX, a human-mouse chi-
meric anti-CD20 monoclonal antibody, has de-
monstrated efficacy and a favorable safety pro-
file in patients with various CD20- expressing
lymphoid malignancies [26]. Despite its recog-
nized efficacy and good safety profile in patients
with CD20- expressing lymphoid malignancies,
RTX is not free of potential for respiratory com-
plications. Clinicians must be vigilant and pro-
active in managing the pulmonary risks associ-
ated with these treatments to ensure the best
outcomes for patients with B-cell NHL.

In clinical practice, B-cell NHL patients treated
with a combination of RTX or liposomal doxoru-
bicin should be thoroughly assessed for the
possibility of IP by monitoring dynamic changes
in hematological indexes before and after che-
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motherapy, particularly LDH and ESR, clinical
symptoms such as fever exceeding 38.0°C,
cough, chest tightness, and shortness of brea-
th, as well as imaging findings. This approach
aims to facilitate early prevention, diagnosis,
and treatment of IP, thereby avoiding delays in
treating the primary disease and impacting
patient survival outcomes. Patients diagnosed
with mild IP, based on asymptomatic presenta-
tion, physical signs, and imaging findings, can
undergo follow-up and continue treatment as
per the original plan. Our study revealed that
about 68% (34/50) of B-cell NHL patients
developed IP complicated by infections post-
chemotherapy, indicating a significantly elevat-
ed risk of pulmonary infections due to lung
injury during IP. Hormone and antibiotic thera-
pies should be administered based on individu-
al’s condition. These findings suggests that a
significant proportion of B-cell NHL patients
experience complications related to infection
after chemotherapy, which is a concerning
issue considering its potential impact on treat-
ment outcomes and patient recovery. Post-
chemotherapy infections, particularly pulmo-
nary infections, can be a serious concern for
patients with NHL, as chemotherapy can com-
promise the immune system to fight off patho-
gens. The development of infections in these
patients may be exacerbated by lung injury
caused by the cancer itself or by the cytotoxic
effects of the chemotherapy drugs. The recom-
mendation to administer hormone and antibi-
otic therapies based on individual’'s condition is
a key aspect of managing these complications.
This personalized approach takes into account
the patient’s overall health, the severity of the
infection, the potential for antibiotic resistance,
and the patient’s previous treatment history.
Clinicians should be vigilant to the potential
for interstitial pneumonia (IP) in patients with
B-cell NHL treated with RTX or liposomal doxo-
rubicin, and should closely monitor hematologi-
cal parameters, clinical symptoms, and imag-
ing findings to facilitate early detection and
management of IP. The development of IP can
increase the risk of post-chemotherapy infec-
tions, particularly pulmonary infections, high-
lighting the need for personalized treatment
strategies to mitigate these risks and preserve
patient outcomes.

Our analysis has several limitations. Firstly, the
sample size is small, which hinders our ability
to predict the risk factors of IP accurately.
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Therefore, it is necessary to conduct larger-
scale research to address this significant issue.
Additionally, this study did not analyze the sur-
vival prognosis of patients with IP, making it
impossible to determine the impact of IP on the
survival and prognosis of patients. However,
previous studies have indicated that the occur-
rence of IP can significantly impact the disease
outcome and increase the risk of mortality [27-
29]. In this study, 2 out of the 50 patients died,
resulting in a mortality rate of 4%, which further
validated these findings.

In conclusion, chemotherapy-induced pneumo-
nia is a common complication during the com-
prehensive treatment of lymphoma patients,
potentially impacting and even disrupting fur-
ther disease management. Our study found
that the incidence of IP in B-cell NHL patients
after chemotherapy was 8.13% (50/615). Mul-
tivariate analysis revealed that IP was more
frequently observed B-cell NHL patients receiv-
ing treatment regimens that included liposomal
doxorubicin, with the use of this medication
being identified as an independent risk factor
for IP. Additionally, increased LDH and/or ESR
levels were also independent risk factors for IP
in B-cell NHL patients during treatment, with
ROC curve analysis proving their predictive
value for the occurrence of IP. Therefore, refin-
ing the diagnosis of drug-induced pneumonia,
evaluating the impact of drug-induced lung inju-
ry on pneumonia, and developing a reliable
threshold for predicting pneumonia will be key
areas of focus for future investigations.
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