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Abstract: Background: Acute leukemia is the most common malignancy in children. While chemotherapy is effec-
tive, it significantly compromises immune function, leading to a high incidence of infectious complications, such as 
secondary pneumonia, particularly Mycoplasma pneumonia (MP). The treatment of infections in pediatric leukemia 
patients faces challenges such as antibiotic resistance and drug interactions during chemotherapy. Objective: This 
study aims to evaluate the therapeutic efficacy and safety of doxycycline in treating MP in pediatric leukemia pa-
tients post-chemotherapy, as well as it impact on chemotherapy continuity. Methods: This study employed a target 
trial emulation design using retrospective data from pediatric leukemia patients diagnosed with MP. Patients aged 
12-17 years with confirmed leukemia and clinical evidence of pneumonia following chemotherapy were included. 
Doxycycline was compared to azithromycin and other empirical treatments. Follow-up assessments at 3 days, 5 
days, 30 days, and 180 days evaluated fever resolution, radiological improvement, additional interventions, and 
adverse events. Statistical analyses included Kaplan-Meier survival analysis and Cox proportional hazards models. 
Results: In Trial 2, doxycycline demonstrated a significantly higher treatment success rate than other empirical treat-
ments (87.72% vs. 73.13%, P = 0.013) and was associated with faster fever resolution (P = 0.048) and shorter time 
to chest X-ray improvement (P = 0.048). The 30-day survival rate was significantly higher in the Doxycycline group 
compared to other empirical treatments (100% vs. 91.04%, P = 0.019). Fewer patients require additional interven-
tions such as ICU admission (P = 0.019). Furthermore, patients in the Doxycycline group had a significantly higher 
likelihood of completing chemotherapy without delays (84.21% vs. 59.70%, P = 0.01). In Trial 1, no significant differ-
ences were observed in treatment success rate, fever resolution time, hospitalization duration, or chemotherapy tol-
erance between Doxycycline and Azithromycin (P > 0.05). Conclusion: Doxycycline, as a broad-spectrum antibiotic, 
demonstrates efficacy comparable to azithromycin in treating MP with advantages in reducing chemotherapy-relat-
ed delays, hospitalization duration, and the need for additional interventions. It enhances chemotherapy tolerance 
and continuity. Doxycycline may serve as an economical and effective alternative for managing post-chemotherapy 
infections in pediatric leukemia patients, especially in cases of antibiotic resistance or intolerance.
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Introduction

Leukemia, a malignant disease of the blood 
and bone marrow, represents a substantial 
global health challenge, particularly among 
pediatric populations. In 2019, it accounted for 
0.64 million new cases, 0.33 million deaths, 
and 11.66 million disability-adjusted life years 
(DALYs) worldwide [1]. According to the World 
Health Organization, leukemia accounts for 
approximately 30% of all childhood cancers, 

making it the most common cancer among chil-
dren and adolescents worldwide. The annual 
incidence of childhood leukemia varies by 
region, with an estimated 3 to 4 cases per 
100,000 children [2]. To address this signifi-
cant health burden, standard chemotherapy 
regimens for leukemia include intensive treat-
ments with drugs such as anthracyclines, vin-
cristine, corticosteroids, and cytarabine [3]. 
While these regimens are essential for inducing 
remission and preventing relapse, they are 
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associated with significant immunosuppres-
sion. As a result, leukemia patients undergoing 
chemotherapy often experience compromised 
immune function, which increases their sus-
ceptibility to infections. Consequently, the inci-
dence of pneumonia in this population is mark-
edly higher than in immunocompetent individu-
als [4].

Pneumonia in leukemia patients is a major con-
cern for clinicians, as it significantly increases 
the risk of mortality. Studies indicate that up to 
25-30% of pediatric leukemia patients may 
develop pneumonia during treatment, with 
mortality rates in immunocompromised chil-
dren reaching 15-20%, underscoring the urgent 
need for effective treatment strategies [5, 6]. 
Among patients who develop pneumonia with 
fever following chemotherapy, Mycoplasma 
pneumonia (MP) is one of the most common 
types, with an incidence significantly higher 
than in the general population [7]. Clinically, 
Mycoplasma infection manifests as cough, 
fever, and dyspnea, and in severe cases, it  
may progress to impaired lung function or ev- 
en acute respiratory distress syndrome [8]. 
Standard treatment for MP typically relies on 
macrolide antibiotics such as azithromycin. 
However, the increasing prevalence of Myco- 
plasma resistance has led to a gradual de- 
cline in the efficacy of these traditional thera-
pies [9]. Studies indicate that in leukemia 
patients, chemotherapy-induced dysbiosis and 
immunosuppression further complicate treat-
ment, necessitating antibiotic selection that 
provides broader antimicrobial coverage while 
minimizing adverse effects [10]. Doxycycline, a 
broad-spectrum tetracycline antibiotic, offers  
a promising alternative. It not only exhibits 
strong antibacterial effects against Mycoplasma 
but also demonstrates potential advantages  
in modulating excessive immune responses 
and improving pulmonary pathology due to its 
anti-inflammatory properties [11]. Furthermore, 
doxycycline has good drug tolerance and a low 
risk of interactions with chemotherapy agents, 
making it a promising empirical treatment 
option for leukemia patients [12].

The choice of antimicrobial therapy not only 
affects the effectiveness of pneumonia treat-
ment but also influences the patient’s toler-
ance and adherence to chemotherapy, ulti-
mately impacting the overall efficacy of the che-

motherapy regimen [13]. Therefore, there is an 
urgent need to evaluate alternative antibiotic 
therapies that are effective against pneumonia 
pathogens while remaining compatible with 
chemotherapy protocols. To address this, we 
conducted a target trial emulation to assess 
the efficacy and safety of doxycycline in treat-
ing post-chemotherapy MP in pediatric leuke-
mia patients. The goal was to determine whe- 
ther doxycycline can improve pneumonia out-
comes without compromising tumor control, 
thereby providing valuable insights for standard 
empirical treatment strategies.

Materials and methods

Patient selection

This retrospective cohort study was designed 
to emulate a target randomized controlled trial 
(RCT) assessing antimicrobial therapy in pedi-
atric leukemia patients diagnosed with MP 
within six months after chemotherapy. Patient 
data were obtained from the electronic medical 
record system of Xi’an Children’s Hospital. 
Based on predefined inclusion and exclusion 
criteria, a total of 216 patients, all of whom 
were first diagnosed with mycoplasma pneu-
monia between January 1, 2015 and March 31, 
2024, were included in this study (Figure 1).

Inclusion criteria: a) Pediatric patients aged 
12-17 years. b) Diagnosed with leukemia (e.g., 
acute lymphoblastic leukemia, acute myeloid 
leukemia, etc.) [14-16]. c) Treated according to 
standard pediatric leukemia chemotherapy reg-
imens, with no change in chemotherapy proto-
col within 30 days prior to pneumonia diagno-
sis. d) Clinical diagnosis of MP during chemo-
therapy or within 6 months post-chemotherapy. 
e) Diagnosed and treated with antimicrobial 
therapy at the study hospital. f) Available medi-
cal records with follow-up data at 2 weeks,  
1 month, and 6 months post-treatment. g) 
Informed consent from parents/guardians (and 
assent from the child, if appropriate for age) to 
use data in this study.

Exclusion criteria: a) Patients diagnosed with 
other types of cancer (e.g., solid tumors, lym-
phoma) or those not receiving leukemia treat-
ment. b) Patients with a history of chronic  
respiratory diseases (e.g., cystic fibrosis, asth-
ma, congenital lung disease). c) Patients receiv-
ing “high-dose chemotherapy” regimens (e.g., 
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high-dose methotrexate or cyclophosphamide) 
or “salvage chemotherapy”. d) Patients who 
had already undergone or scheduled for “hema-
topoietic stem cell transplantation (HSCT)”. e) 
Patients treated with immunotherapy agents 
such as blinatumomab, CAR T-cell therapy, or 
immune checkpoint inhibitors. f) Patients who 
had received other antibiotics within 30 days 
prior to pneumonia onset. g) Patients with 
severe immunosuppression unrelated to che-
motherapy (e.g., HIV/AIDS, congenital immuno-
deficiencies). h) Patients with other major infec-
tions at the time of pneumonia diagnosis (e.g., 
sepsis, fungal infections). i) Patients lacking 
sufficient data or follow-up information at any 
of the specified time points (2 weeks, 1 month, 
or 6 months).

out or withdrawal differ from those in prospec-
tive randomized controlled trials. Patients were 
excluded from analysis upon these conditions: 
a) Missing key follow-up data, such as data for 
primary outcome measures (e.g., symptom 
improvement, imaging results) at any key fol-
low-up time point (3 days, 2 weeks, 1 month, or 
6 months). b) Lost to follow-up: Failure to con-
tact the patient or guardian after three consec-
utive attempts at follow-up.

Target trial protocol and emulation: overall 
study design 

The target trials compared doxycycline with 
azithromycin or other antimicrobial treatment 
groups. Follow-up was extended until Septem- 

Figure 1. Flowchart of patient inclusion for two target trial emulations.

Diagnostic criteria for myco-
plasma pneumonia [17]: 1) 
Newly onset cough, sputum 
production, or exacerbation of 
pre-existing respiratory symp-
toms with purulent sputum, 
with or without chest pain. 2) 
Fever. 3) Pulmonary signs 
and/or the presence of crack-
les on auscultation. 4) White 
blood cell count (WBC) > 10 × 
10^9/L or < 4 × 10^9/L, wi- 
th or without neutrophil left 
shift. 5) Chest X-ray showing 
patchy or infiltrative opacities 
or interstitial changes, with or 
without pleural effusion. 6) 
Microbiological testing show-
ing positive Mycoplasma DNA 
(PCR) from respiratory secre-
tions, or positive Mycoplasma 
IgM antibodies, or a 4-fold or 
greater increase in IgG anti-
body titers compared to the 
acute phase. 

Diagnosis can be made if  
any one of items 1-4 is pres-
ent in conjunction with items 
5 and 6, excluding non-infec-
tious diseases.

Criteria for early dropout or 
withdrawal: This study is a  
retrospective emulation of a 
target trial, with data sourc- 
ed from historical prescribing 
practices in patient medical 
records. The criteria for drop-
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ber 30, 2024, with outcomes assessed at 3 
days, 5 days, 30 days, and 180 days. Key  
features of the target trial, as specified and 
emulated, are summarized in Table 1; only the 
study design methods are outlined below. We 
employed a matched cohort design to simulate 
the balance achieved through randomization. 
Supplementary Table 1 provides a detailed 
comparison of key study design features 
between the specified trial and the simulated 
target trial approach, including baseline char-
acteristics, interventions, follow-up time points, 
and primary outcome measures. Treatment 
allocation was based on historical prescribing 
practices from patient medical records and 
propensity scores calculated from baseline 
characteristics, matching patients in the doxy-
cycline group with those in the control groups 
(Two target trial emulations were conducted:  
in Trial 1, the control group received azithromy-
cin, while in Trial 2, the control group received 
alternative empirical therapies). All data were 
extracted from the hospital’s electronic medi-
cal record system, including pre-existing anony-
mized information. Ethical approval was grant-
ed by the Ethics Committee of Xi’an Children’s 
Hospital (approval number: 20240036). Due  
to the anonymous nature of the data analysis 
and the protection of patient privacy, the 
requirement for informed consent was waived. 
The study adhered to Good Clinical Practice 
(GCP) guidelines, the STROBE (Strengthening 
the Reporting of Observational Studies in 
Epidemiology) reporting guidelines, and the 
Declaration of Helsinki.

Grouping and intervention methods

(1) Doxycycline Group: Patients in this group 
received oral doxycycline treatment. For chil-
dren weighing ≥ 45 kg, the initial loading dose 
was 200 mg (single dose), followed by 100 mg 
every 12 hours. For children weighing < 45 kg, 
the dose was 2 mg/kg every 12 hours, with a 
maximum single dose of 100 mg. The treat-
ment duration was 7-14 days, adjusted accord-
ing to the severity of infection and clinical 
response.

(2) Azithromycin Group: Patients in this group 
received oral or intravenous azithromycin ther-
apy. The oral dose followed the recommended 
pediatric dosage: 10 mg/kg on Day 1 (single 
dose), not exceeding 500 mg, followed by 5 

mg/kg daily from Day 2 to Day 5, with a maxi-
mum dose of 250 mg per day. For patients with 
severe infections, intravenous dripping was 
administered at a dose of 10 mg/kg daily, not 
exceeding 500 mg, for 3-5 days, after which 
oral therapy was initiated. The treatment dura-
tion was 7-14 days, adjusted according to the 
severity of infection and clinical response.

(3) Other Empirical Treatment Group: Patients 
in this group received other antimicrobial treat-
ments as recorded in their medical records, 
including erythromycin (40%), clarithromycin 
(30%), levofloxacin (20%), and moxifloxacin 
(10%). The erythromycin dosage was 20-40 
mg/kg/day, divided into 3-4 doses, with a max-
imum daily dose of 2 g. The clarithromycin dos-
age was 15 mg/kg/day, divided into 2 doses, 
with a maximum daily dose of 1 g. The levo- 
floxacin dosage was 8-10 mg/kg every 12 
hours, with a maximum daily dose of 750 mg. 
Moxifloxacin, due to limited indications in chil-
dren, was prescribed on a case-by-case basis, 
with a dose of 4 mg/kg once daily, not exceed-
ing 400 mg per day. The treatment duration 
was 7-14 days, adjusted according to the sever-
ity of infection and clinical response. This group 
was designed to simulate other empirical treat-
ments, as the sample size for individual antimi-
crobial therapies was insufficient. To avoid 
sample wastage, different drugs were grouped 
together, and the overall results of this group 
were used for comparison with other empirical 
treatments. The drug manufacturers and batch 
numbers are listed in Supplementary Table 2.

Sample size estimation

Based on previous literature, we estimated  
the efficacy rates for the azithromycin group 
(85%) [18], the doxycycline group (85%) [19], 
and the empirical treatment group (70%) [20]. 
Sample size calculations were performed using 
PASS software, with the study design incorpo-
rating a significance level (α = 0.05) and statis-
tical power (1-β = 0.80) for comparing efficacy 
between two groups. 

For Trial 1 (Doxycycline vs. Azithromycin), as- 
suming an efficacy rate of 85% in both gro- 
ups, a non-inferiority design was used, with the 
non-inferiority margin set at 10%. The “Two 
Proportions - Non-Inferiority” module in PASS 
software was selected, with the expected effi-
cacy rate of 85% for both the doxycycline and 
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Table 1. Baseline characteristics of patients in two target trial emulations

Baseline

Trial 1: Doxycycline vs. Azithromycin Trial 2: Doxycycline vs. Other Empirical Treatment

Total  
(n = 90)

Azithromycin 
group (n = 48)

Doxycycline 
group (n = 42) Statistic P Total  

(n = 124)
Doxycycline 

group (n = 57)

Other empirical 
treatment group 

(n = 67)
Statistic P

Age (years) 14.62 ± 1.60 14.62 ± 1.70 14.62 ± 1.50 t = 0.02 0.986 14.61 ± 1.63 14.86 ± 1.49 14.40 ± 1.72 t = 1.56 0.121
Sex, n (%) χ2 = 0.24 0.621 χ2 = 0.76 0.383
    Female 56 (62.22) 31 (64.58) 25 (59.52) 60 (48.39) 30 (52.63) 30 (44.78)
    Male 34 (37.78) 17 (35.42) 17 (40.48) 64 (51.61) 27 (47.37) 37 (55.22)
Presence of neutropenia, n (%) χ2 = 0.02 0.885 χ2 = 2.78 0.095
    No 35 (38.89) 19 (39.58) 16 (38.10) 49 (39.52) 18 (31.58) 31 (46.27)
    Yes 55 (61.11) 29 (60.42) 26 (61.90) 75 (60.48) 39 (68.42) 36 (53.73)
Type of leukemia, n (%) χ2 = 0.03 0.985 χ2 = 1.72 0.424
    Acute lymphoblastic leukemia 55 (61.11) 29 (60.42) 26 (61.90) 59 (47.58) 24 (42.11) 35 (52.24)
    Acute myeloid leukemia 20 (22.22) 11 (22.92) 9 (21.43) 51 (41.13) 27 (47.37) 24 (35.82)
    Chronic myeloid leukemia 15 (16.67) 8 (16.67) 7 (16.67) 14 (11.29) 6 (10.53) 8 (11.94)
Chemotherapy duration (months) Mean ± SD 2.99 ± 1.34 3.10 ± 1.36 2.86 ± 1.32 t = 0.87 0.385 2.90 ± 1.32 2.84 ± 1.33 2.96 ± 1.32 t = -0.47 0.637
Time from fever to admission (days), n (%) χ2 = 4.56 0.102 χ2 = 1.55 0.462
    1 38 (42.22) 19 (39.58) 19 (45.24) 70 (56.45) 34 (59.65) 36 (53.73)
    2 37 (41.11) 24 (50.00) 13 (30.95) 26 (20.97) 13 (22.81) 13 (19.40)
    3 15 (16.67) 5 (10.42) 10 (23.81) 28 (22.58) 10 (17.54) 18 (26.87)
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azithromycin groups, non-inferiority margin at 
-10%, significance level at α = 0.05 (two-sided), 
and statistical power at (1-β = 0.80). The soft-
ware estimated that approximately 200 pa- 
tients per group would be required to achieve 
sufficient statistical power to detect non-inferi-
ority. For Trial 2 (Doxycycline vs. Empirical 
Treatment), assuming an efficacy rate of 85% 
for the doxycycline group and 70% for the 
empirical treatment group, a superiority de- 
sign was adopted, with an expected difference 
of 15% between the two groups. The “Two 
Proportions - Superiority” module in PASS soft-
ware was selected, with the expected efficacy 
rates of 85% and 70% for the doxycycline and 
other empirical treatment groups respectively, 
significance level at α = 0.05 (two-sided), and 
statistical power at (1-β = 0.80). The software 
estimated that approximately 118 patients  
per group would be required to detect the  
superior efficacy of doxycycline over empirical 
treatment.

Exact matching and propensity score matching

We first performed exact matching for each eli-
gible participant receiving doxycycline, azithro-
mycin, or other antimicrobial therapies based 
on the time from the onset of fever to hospital 
admission (1 day, 2 days, 3 days). After exact 
matching, we further performed propensity 
score matching within each stratum based on 
five factors: “age”, “sex”, “presence of neutro-
penia”, “type of leukemia” and “chemotherapy 
duration”. In Trial 1, the reference group was 
the “azithromycin group” and the matched 
group was the “doxycycline group” (Supplemen- 
tary Tables 3, 4, 5, 6, 7 and Supplementary 
Figures 1, 2). In Trial 2, the reference group was 
the “other empirical treatment group” and the 
matched group was the “doxycycline group” 
(Supplementary Tables 8, 9, 10, 11 and 
Supplementary Figure 3). The matching ratio 
was either 1:1 or 1:2, with a caliper value of 
0.2. Groups that showed no significant baseline 
differences before matching were not further 
subjected to propensity score matching. Finally, 
Trial 1 included 42 patients in Doxycycline 
group and 48 in Azithromycin group, and Trial 2 
included 57 patients in Doxycycline group and 
67 in other empirical treatment group.

Outcome measures

Infection-related outcome measures: (1) Treat- 
ment success rate: This outcome measures the 

proportion of patients who, during their treat-
ment, were able to achieve resolution of fever 
and radiographic improvement without requir-
ing additional interventions (e.g., changes in 
antibiotic therapy, ICU admission, or respiratory 
support), as well as those can be successfully 
discharged.

(2) Hospitalization time at fever resolution: A 
sustained normal body temperature (< 37.5°C) 
for at least 24 hours without the use of anti-
pyretic medications is considered as fever res-
olution. During data compilation, we calculated 
the proportion of patients who achieved fever 
resolution on Day 3 and Day 5 to observe the 
overall efficacy in different treatment groups.

(3) Hospitalization time at chest X-ray resolu-
tion: This refers to the duration from the 
patient’s admission to the time when the pul-
monary lesions, as seen on chest X-ray, show 
significant improvement (Lesion reduction in 
lung infiltrates, nodules, cavities, etc.) or reso-
lution (Lesion disappearance, with restoration 
of normal lung tissue appearance).

(4) Need for additional interventions: This 
assesses whether the patient requires further 
medical interventions, such as a change or 
escalation in antibiotic therapy, ICU admission, 
or mechanical ventilation.

(5) Adverse events: Adverse reactions, such as 
dizziness, nausea, rash, and other related 
issues were recorded.

(6) Reasons for treatment failure: Any factors 
that lead to the interruption or cessation of 
treatment, including intolerance, clinical dete-
rioration, physical intolerance, or other causes, 
were documented.

Tumor-related outcome measures: (1) 30-day 
survival rate: The percentage of patients surviv-
ing without significant adverse events or com-
plications within 30 days of initiating treatment 
was calculated.

(2) Tumor response rate: The proportion of 
patients achieving complete remission [21] or 
partial remission after treatment were calcu- 
lated.

(3) Impact on chemotherapy tolerance: The 
impact of PM and its treatment on the patient’s 
ability to continue chemotherapy, including 
delays, dose adjustments, and treatment inter-
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ruptions, were evaluated. a) Chemotherapy 
delay: A delay in the chemotherapy cycle of 
more than the planned time (e.g., > 7 days). b) 
Dose adjustment: The actual dose adminis-
tered is less than 90% of the planned dose. c) 
Chemotherapy discontinuation: Premature ter-
mination of chemotherapy due to adverse 
events or complications. 

Statistical methods

Propensity score matching was performed 
using R version 4.2.2 (2022-10-31). The pro-
pensity scores were calculated using logistic 
regression. All statistical tests for balance 
assessment were two-tailed, with a signifi-
cance level set at P < 0.05. Normally distribut-
ed continuous variables were expressed as 
mean ± standard deviation (Mean ± SD), and 
group comparisons were performed using one-
way analysis of variance (ANOVA). For non-nor-
mally distributed continuous variables, data 
were presented as median and interquartile 
range [M (Q1, Q3)], with group comparisons 
performed using the Kruskal-Wallis H test. 
Categorical data were expressed as frequen-
cies and proportions [n (%)], with group com-
parisons conducted using the Pearson χ2 test 
or Fisher’s exact test. The Standardized Mean 
Difference (SMD) was used to assess group dif-
ferences. An SMD of < 0.10 indicated that the 
groups were balanced and acceptable, an SMD 
between 0.10 and 0.34 indicated small differ-
ences, an SMD between 0.35 and 0.64 indi-
cated moderate differences, an SMD between 
0.65 and 1.19 indicated large differences,  
and an SMD ≥ 1.20 indicated very large differ-
ences between the groups. Repeated-mea- 
sures ANOVA or mixed-effects models were 
used to analyze the changes in serological and 
pulmonary function parameters over time. The 
Log-rank test was employed to compare sur-
vival curves. Cox proportional hazards models 
were used to adjust for covariates. Linear 
regression was used for continuous outcomes 
(e.g., length of hospitalization). A P-value of < 
0.05 was considered statistically significant.

Result

Baseline characteristics 

The baseline characteristics of patients in the 
Doxycycline group and the comparator group in 
both trials were well-balanced, indicating the 

comparability between two groups (see Table 
1).

Treatment success rate

In Trial 1, the treatment success rate was 
72.92% (35/48) in the Azithromycin group and 
88.10% (37/42) in the Doxycycline group. In 
Trial 2, the success rates were 87.72% (50/57) 
in the Doxycycline group and 73.13% (49/67) in 
the Other Empirical Treatment group (Table 2).

Fever resolution at days 3 and 5

In Trial 1, the proportion of patients with fever 
by Day 3 was lower in the Doxycycline group 
(71.43%) compared to the Azithromycin group 
(79.17%). By Day 5, the proportion of febrile 
patients in the doxycycline group (61.90%) was 
slightly higher than that in the azithromycin 
group (56.25%). 

In Trial 2, the proportion of patients with fever 
by Day 3 was lower in the Doxycycline group 
(59.65%) compared to the Other Empirical 
Treatment group (76.12%). By Day 5, 47.37% of 
the patients in Doxycycline group remained 
febrile, lower than 53.73% of the Other Em- 
pirical Treatment group (Table 2).

In Trial 1, the mean time to fever resolution was 
shorter in the Doxycycline group (8.45 ± 7.68 
days) compared to the Azithromycin group 
(11.02 ± 9.51 days), but the difference was not 
significant between groups (P = 0.166) (Table 
2). Similarly, Kaplan-Meier analysis revealed no 
significant difference in fever resolution rate 
(Log-rank P = 0.402, HR 1.230, 95% CI: 0.741-
2.042; Figure 2A).

In Trial 2, the Doxycycline group demonstrated 
a shorter time to fever resolution (7.11 ± 7.76 
days) compared to the Other Empirical Treat- 
ment group (10.03 ± 8.36 days) also with no 
significant inter-group difference (P = 0.051) 
(Table 2). However, Kaplan-Meier analysis sug-
gested a higher fever resolution rate in the 
Doxycycline group (Log-rank P = 0.048, HR 
0.663, 95% CI: 0.430-1.023; Figure 2C).

Time to chest X-ray resolution

In Trial 1, the time to chest X-ray resolution was 
shorter in the Doxycycline group (11.12 ± 9.11 
days) compared to the Azithromycin group 
(14.31 ± 11.03 days, P = 0.141) (Table 2). 
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Table 2. Analysis of treatment success and other outcomes in two target trial emulations

Outcome

Trial 1: Doxycycline vs Azithromycin Trial 2: Doxycycline vs Other Empirical Treatment

Total (n = 90) Azithromycin 
group (n = 48)

Doxycycline 
group  

(n = 42)
Statistic P Total  

(n = 124)

Doxycycline 
group  

(n = 57)

Other empirical 
treatment group 

(n = 67)
Statistic P

Treatment success rate (%) 72 (80.00) 35 (72.92) 37 (88.10) 99 (79.84) 50 (87.72) 49 (73.13)
Time to fever resolution (Mean ± SD) 9.82 ± 8.75 11.02 ± 9.51 8.45 ± 7.68 t = 1.40 0.166 8.69 ± 8.33 7.11 ± 7.76 10.03 ± 8.62 t = -1.97 0.051
Time to chest X-ray improvement (Mean ± SD) 12.82 ± 10.25 14.31 ± 11.03 11.12 ± 9.11 t = 1.48 0.141 11.52 ± 9.68 9.70 ± 9.12 13.06 ± 9.93 t = -1.95 0.054
Reasons for treatment failure, n (%) - 0.077 - 0.013
    Intolerance 4 (4.44) 1 (2.08) 3 (7.14) 5 (4.03) 3 (5.26) 2 (2.99)
    Clinical deterioration 3 (3.33) 3 (6.25) 0 (0.00) 10 (8.06) 0 (0.00) 10 (14.93)
    Others 4 (4.44) 3 (6.25) 1 (2.38) 7 (5.65) 3 (5.26) 4 (5.97)
    Physical intolerance 7 (7.78) 6 (12.50) 1 (2.38) 3 (2.42) 1 (1.75) 2 (2.99)
    None 72 (80.00) 35 (72.92) 37 (88.10) 99 (79.84) 50 (87.72) 49 (73.13)
30-day survival rate (%) 89 (98.89) 47 (97.92) 42 (100.00) 118 (95.16) 57 (100.00) 61 (91.04) 0.019
Fever resolution status
    Number of patients with fever on day 3 (%) 68 (75.56) 38 (79.17) 30 (71.43) 85 (68.55) 34 (59.65) 51 (76.12)
    Number of patients with fever on day 5 (%) 53 (58.89) 27 (56.25) 26 (61.90) 63 (50.81) 27 (47.37) 36 (53.73)
Additional interventions required, n (%) - 0.368 - 0.017
    Additional antibiotics 10 (11.11) 7 (14.58) 3 (7.14) 8 (6.45) 3 (5.26) 5 (7.46)
    Respiratory support 5 (5.56) 4 (8.33) 1 (2.38) 9 (7.26) 1 (1.75) 8 (11.94)
    None 72 (80.00) 35 (72.92) 37 (88.10) 99 (79.84) 52 (91.23) 49 (70.15)
    ICU 3 (3.33) 2 (4.17) 1 (2.38) 8 (6.45) 1 (1.75) 7 (10.45)
Adverse reactions, n (%) - 0.074 χ2 = 7.21 0.065
    Nausea 9 (10.00) 2 (4.17) 7 (16.67) 15 (12.10) 8 (14.04) 7 (10.45)
    Abdominal pain 10 (11.11) 8 (16.67) 2 (4.76) 19 (15.32) 4 (7.02) 15 (22.39)
    Sleep disturbances 9 (10.00) 6 (12.50) 3 (7.14) 12 (9.68) 4 (7.02) 8 (11.94)
    None 62 (68.89) 32 (66.67) 30 (71.43) 78 (62.90) 41 (71.93) 37 (55.22)
Tumor response rate within 6 months, n (%) χ2 = 3.00 0.223 χ2 = 0.43 0.807
    Complete remission 27 (30.00) 14 (29.17) 13 (30.95) 47 (37.90) 22 (38.60) 25 (37.31)
    Partial remission 48 (53.33) 23 (47.92) 25 (59.52) 59 (47.58) 28 (49.12) 31 (46.27)
    No response 15 (16.67) 11 (22.92) 4 (9.52) 18 (14.52) 7 (12.28) 11 (16.42)
Chemotherapy tolerance, n (%) - 0.226 χ2 = 9.12 0.01
    Chemotherapy delay 7 (7.78) 6 (12.50) 1 (2.38) 10 (8.06) 3 (5.26) 7 (10.45)
    Chemotherapy adjustment 9 (10.00) 5 (10.42) 4 (9.52) 26 (20.97) 6 (10.53) 20 (29.85)
    Normal 74 (82.22) 37 (77.08) 37 (88.10) 88 (70.97) 48 (84.21) 40 (59.70)
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Kaplan-Meier analysis showed no significant 
difference in chest X-ray improvement rate 
between the two groups (Log-rank P = 0.501, 
HR 1.182, 95% CI: 0.711-1.965; Figure 2B). 

In Trial 2, the Doxycycline group demonstrated 
a shorter time to chest X-ray resolution (9.70 ± 
9.12 days) compared to the Other Empiri- 
cal Treatment group (13.06 ± 9.93 days, P = 
0.054) (Table 2). Kaplan-Meier analysis also 
revealed a higher in chest X-ray improvement in 
Doxycycline group (Log-rank P = 0.048, HR 
0.655, 95% CI: 0.422-1.018; Figure 2D).

Analysis of factors for treatment failure

In Trial 1, treatment failure was reported in 18 
patients, including 7 cases of physical intoler-
ance, 3 cases of clinical deterioration, 4 cases 
due to other reasons, and 4 cases of general 
intolerance. However, no significant disparities 
were observed between the two groups in trial 
1 (P = 0.077).

In Trial 2, treatment failure was observed in 25 
cases, comprising 10 cases of clinical deterio-
ration, 5 cases of intolerance, 3 cases of physi-
cal intolerance, and 7 cases due to other rea-
sons. A significant difference in the distribution 
of failure reasons was observed between the 
two groups in Trial 2 (P = 0.013; Table 2).

30-Day survival rate

The 30-day survival rate in Trial 1 was 100% for 
the Doxycycline group and 97.92% for the 
Azithromycin group, showing no significant dif-
ference. In Trial 2, the survival rate was 100% 
for the Doxycycline group, significantly higher 
than 91.04% for the Other Empirical Treatment 
group (P = 0.019; Table 2).

Additional interventions required

In Trial 1, fewer patients in the Doxycycline 
group required additional antibiotics compared 
to the Azithromycin group (7.14% vs. 14.58%). 

Figure 2. Kaplan-Meier curves of the 24-day cumulative rates of fever and no improvement in chest x-rays for 
chemotherapy patients across two target trial emulations. A: Kaplan-Meier curves of 24-day cumulative fever rate 
in patients from Trial 1 Emulation. B: Kaplan-Meier curves of 24-day cumulative fever rate in patients from Trial 
2 Emulation. C: Kaplan-Meier curves of the 24-day cumulative rate of no improvement in chest X-rays in patients 
from Trial 1 Emulation. D: Kaplan-Meier curves of the 24-day cumulative rate of no improvement in chest X-rays in 
patients from Trial 2 Emulation.
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Similarly, respiratory support was needed less 
frequently in the Doxycycline group (2.38%) 
compared to the Azithromycin group (8.33%). 
Overall, the proportion of patients requiring 
additional interventions was comparable be- 
tween the two groups (P = 0.368; Table 2).

In Trial 2, the proportions of patients requiring 
additional antibiotics, respiratory support, or 
ICU transfer were lower in the Doxycycline 
group (5.26%, 1.75%, and 1.75%, respectively) 
compared to the Other Empirical Treatment 
group (7.46%, 11.94%, and 10.45%, respec-
tively). The proportion of patients requiring 
additional interventions was significantly higher 
in the Other Empirical Treatment group com-
pared to Doxycycline group (P = 0.019; Table 2).

Adverse reactions

In Trial 1, no significant difference in the distri-
bution of adverse reaction types and incidence 
was observed between the two groups (P = 
0.074; Table 2). Nausea was more frequent in 
the Doxycycline group (16.7% vs. 4.2%), where-
as abdominal pain was more common in the 
Azithromycin group (16.67% vs. 4.76%). 

In Trial 2, similarly, no significant difference in 
adverse reaction distribution was observed 
between the two groups (P = 0.065; Table 2). 
The Doxycycline group had lower proportions of 
abdominal pain, and sleep disorders but higher 
percentage of nausea.

Tumor response rate within 6 months and che-
motherapy tolerance

In Trial 1, the complete response (CR) rate was 
29.17% in Azithromycin group and 30.95% in 
Doxycycline group; the partial response (PR) 
rate was 47.92% in Azithromycin group and 
59.52% in Doxycycline group; and no response 
(NR) rate was 9.52% in Doxycycline group and 
22.92% in Azithromycin group. Overall, no sig-
nificant difference was found between the two 
groups in terms of tumor response rate within 6 
months (P = 0.223). 

In Trial 2, the CR rates were approximately 38% 
in both groups, and the PR rates and NR rates 
were all comparable between the two groups 
(46.27% vs. 49.12%; 12.28% vs. 16.42%), 
resulting similar tumor response rate within 6 
months between the two groups (P = 0.807). 

Additionally, chemotherapy delays and regimen 
adjustments were monitored. In Trial 1, the  
incidences of chemotherapy delay and chemo-
therapy adjustment were both lower in the 
Doxycycline group (2.38% vs. 12.50%; 9.52% 
vs. 10.42%), though the difference was not sta-
tistically significant (P = 0.226). In Trial 2, the 
proportion of patients completing chemothera-
py as planned was significantly higher in the 
Doxycycline group (84.21% vs. 59.70%; P = 
0.01), with fewer delays and adjustments 
observed.

Discussion

In this study, we conducted simulated random-
ized controlled trials (Trial 1: doxycycline vs. 
azithromycin; Trail 2: doxycycline vs. other 
empirical treatments) and demonstrated that 
doxycycline is effective in preventing treatment 
failure, improving 30-day survival rates, and 
enhancing chemotherapy tolerance in pediatric 
leukemia patients who developed Mycoplasma 
pneumonia (MP) during their chemotherapy 
courses. 

A recent study on doxycycline for treating MP in 
children found that, compared to azithromycin, 
doxycycline significantly shortened the duration 
of fever and hospitalization [22]. Another study 
focusing on the clinical efficacy of doxycycline 
in treating pediatric MRMP pneumonia found 
that doxycycline not only shortened the dura-
tion of fever but was also more effective than 
macrolides in improving chest X-ray results 
[19]. Additionally, a systematic review on doxy-
cycline for the treatment of mild-to-moderate 
community-acquired pneumonia (CAP) in adults 
found that doxycycline was as effective as mac-
rolides or fluoroquinolones, with similar clinical 
cure rates and good safety profiles [12]. In 
terms of fever resolution and clinical response, 
a network meta-analysis by Cai F et al. also indi-
cated that doxycycline performed similarly to 
these antibiotic classes [23]. Similarly, Dehua 
Yang et al. [24] conducted a study of 623 
patients with community-acquired mycoplasma 
pneumonia, where no significant difference 
was observed between doxycycline and azithro-
mycin in terms of clinical cure rate. These 
results align with our findings that doxycycline 
demonstrated comparable treatment efficacy 
with Azithromycin and other empirical treat-
ments, with a slight superiority for doxycycline. 
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Besides, these studies also support the effica-
cy of doxycycline, not only in the context of che-
motherapy but also in broader pneumonia 
treatment settings. Additionally, the reduction 
in chemotherapy delay rate in the doxycycline 
group, although not statistically significant, is 
consistent with the results from K. Shen et al. 
[25], which found doxycycline improved chemo-
therapy tolerance, further supporting its poten-
tial advantage in maintaining chemotherapy 
continuity. Clinically, rapid fever control not only 
improves patient comfort but also reduces the 
risk of secondary complications or the need for 
additional interventions, thereby saving medi-
cal resources [26]. While some results had 
p-values slightly above 0.05, the doxycycline 
group may still be noteworthy in terms of clini-
cal significance, particularly for infection con-
trol and reducing hospitalization duration. The 
time to chest X-ray improvement also showed a 
numerical trend for faster recovery in the doxy-
cycline group, especially in Trial 2. In cases of 
pulmonary infections or other diseases that 
may involve pulmonary infiltration, early imag-
ing improvement is often associated with bet-
ter lung function recovery and a lower need for 
respiratory support [27].

In this study, there were no significant differ-
ences in tumor response rates within 6 months 
(CR, PR, NR) between the groups, indicating 
that doxycycline did not have a notable impact 
on tumor objective response outcomes in the 
short-term. However, this conclusion is based 
solely on comparisons with azithromycin and 
other empirical treatment groups. A retrospec-
tive study by Chan et al. analyzed the relation-
ship between the frequency of febrile neutrope-
nia and tumor response rates, finding that per-
sistent or recurrent fever could be associated 
with a lower response rate, especially when 
fever caused significant treatment delays [28]. 
Other studies have also reported that in 
patients with acute myeloid leukemia (AML), 
fever was related to interruptions in treatment 
regimens and prolonged hospitalization but did 
not significantly affect the final CR rate. While 
fever may increase short-term complications, it 
does not necessarily impact the overall efficacy 
of chemotherapy [29]. The results of this study 
are consistent with those findings. However, in 
recent years, there has been increasing atten-
tion on the potential regulatory effects of tetra-
cycline antibiotics on the tumor immune micro-

environment and angiogenesis. Studies have 
shown that doxycycline can inhibit the polariza-
tion of tumor-associated macrophages (TAMs) 
to the M2 phenotype, enhancing the infiltration 
of CD8+ T cells into the tumor site and boosting 
antitumor activity [30]. Additionally, a study by 
Ogut et al. found that doxycycline significantly 
reduced the expression of pro-inflammatory 
factors (such as IL-6 and TNF-α) in the tumor 
microenvironment by inhibiting the NF-κB sig-
naling pathway, thereby reducing inflammation-
driven tumor growth [31]. Although no signifi-
cant changes were observed in this study, the 
possibility of doxycycline offering long-term 
benefits in specific tumor types or in patients 
with particular immune conditions cannot be 
ruled out.

In this study, adverse reactions observed in 
both trials were primarily related to gastrointes-
tinal discomfort, such as nausea and abdomi-
nal pain, and sleep disturbances. No significant 
differences were found between two groups in 
both trials. However, the Doxycycline group 
showed better tolerability in certain aspects, 
including a lower incidence of abdominal pain 
and sleep disturbances, as well as a higher  
proportion of patients without adverse reac-
tions. Similar findings were reported by Spivey, 
J. et al., who reported that Doxycycline exhibit-
ed a lower incidence of adverse reactions in 
treating community-acquired pneumonia [32]. 
Furthermore, a study by Miow, Q. et al. indicat-
ed that Doxycycline demonstrated superior tol-
erability in immunocompromised patients com-
pared to other broad-spectrum antibiotics, par-
ticularly in reducing central nervous system-
related adverse reactions [33]. However, th- 
ere may be some limitations to the use of 
Doxycycline in pediatric patients. It has been 
shown that Doxycycline can affect tooth devel-
opment in children, leading to dental discolor-
ation or enamel hypoplasia [34]. Despite these 
reports, studies suggest that the risk of enamel 
hypoplasia is significantly lower in adolescents 
(ages 13-17), as tooth development is nearly 
complete during this period [35]. Todd et al. 
also found that in children under 8 years old 
who received short-term Doxycycline treat-
ment, no tooth discoloration or enamel hypo-
plasia was observed, suggesting that short-
term use of Doxycycline may be safe [36]. 
Additionally, in patients with liver or kidney dys-
function, the metabolism and clearance of 
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Doxycycline may be impaired, increasing the 
risk of drug accumulation and toxicity. However, 
in this study, the pediatric patients were aged 
13-17, and no bone-related adverse reactions 
were observed in the short term. Therefore, 
Doxycycline remains a feasible option for anti-
infection treatment in this age group. Clinically, 
it is important to consider the patient’s medical 
history, liver and kidney function, and tolerabil-
ity when selecting a treatment regimen to maxi-
mize efficacy and minimize adverse reactions.

In this study, Doxycycline group demonstrated 
significantly reduced rates in chemotherapy 
delays and dose adjustments, particularly in 
Trial 2, suggesting that Doxycycline may help 
manage tumor-associated infections while min-
imizing chemotherapy delays or dose reduc-
tions due to uncontrolled infections. Doxycy- 
cline not only exhibits excellent antibacterial 
activity against Mycoplasma but also, as a 
broad-spectrum antibiotic, is effective against 
Gram-positive bacteria, Gram-negative bacte-
ria, Chlamydia, and other pathogens [37]. 
Additionally, Doxycycline may possess certain 
immunomodulatory effects, regulating immune 
cell and cytokine balance, which allows patients 
to maintain more stable physical function sta-
tus during chemotherapy, even with concurrent 
infections [38]. Such effects mitigate the com-
bined impact of chemotherapy and infection on 
the immune system, enhancing both immune 
function and overall treatment tolerance [39]. 
In cancer therapy, tight chemotherapy cycles 
are crucial, and interruptions caused by infec-
tions can reduce therapeutic efficacy and 
increase the risk of tumor resistance. Previous 
studies have shown that chemotherapy inter-
ruptions and dose adjustments contribute to 
suboptimal treatment outcomes, particularly in 
patients with compromised immune states [40, 
41]. Chemotherapy interruptions may alter the 
tumor microenvironment, promoting resistance 
in tumor cells [42]. Enhancing chemotherapy 
adherence has been shown to significantly 
extend progression-free survival (PFS) and 
overall survival (OS), particularly in tumors sen-
sitive to treatment time windows, such as acute 
myeloid leukemia and certain solid tumors [43, 
44]. Although this study did not conduct long-
term follow-up on patients’ survival outcomes, 
Doxycycline may improve overall survival and 
prognosis by stabilizing chemotherapy cycles 
through its antimicrobial effects. This stabiliza-

tion could help enhance treatment efficacy and 
reduce complications related to infection dur-
ing chemotherapy.

The results of this study show that the 
Doxycycline group required fewer additional 
interventions, such as the need for respiratory 
support, or ICU transfers, compared to the 
comparator groups in both trials. In healthcare 
settings with limited resources or heavy bur-
dens, such as primary care hospitals or during 
special disaster situations, reducing the need 
for intensive care or advanced support is cru-
cial for optimizing medical resource allocation 
[45]. Therefore, doxycycline can be considered 
a relatively low-cost or cost-effective option for 
empirical treatment.

According to current guidelines, azithromycin, 
fluoroquinolones, and cephalosporins remain 
the mainstream empirical treatment options  
for common infections, such as community-
acquired pneumonia [46, 47], with doxycycline 
typically regarded as a second-line or supple-
mentary option. This study suggests that doxy-
cycline performs comparably to azithromycin in 
certain populations and even shows some 
advantages when compared to “other empirical 
treatments”. Therefore, depending on factors 
such as patient tolerance, resistance, econom-
ic factors, or high incidence of adverse reac-
tions to certain antibiotics, doxycycline may be 
considered as a first-line treatment. Additionally, 
the widespread use of macrolides (e.g., azithro-
mycin) in some regions has led to increased 
resistance rates. In cases of resistance or intol-
erance, doxycycline may serve as an alterna-
tive, maintaining good efficacy against macro-
lide-resistant Mycoplasma strains [48].

This study, through a targeted simulated experi-
mental design, rigorously compared the effica-
cy and safety of doxycycline versus other treat-
ment options in pediatric leukemia patients 
following chemotherapy, highlighting several 
significant advantages. First, the study integrat-
ed data from two randomized controlled trials, 
providing multidimensional evidence of doxycy-
cline’s effectiveness in treating mycoplasma 
pneumonia and improving tumor prognosis. By 
employing a unified research framework and a 
detailed baseline assessment of patient char-
acteristics, the study ensured comparability 
between treatment groups, minimizing the 
potential for confounding factors. Second, the 
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study comprehensively assessed multiple clini-
cally important outcome measures, including 
treatment success rates, adverse reactions, 
fever resolution, radiographic improvement ti- 
me, as well as tumor response rates and che-
motherapy tolerance, offering a complete per-
spective on doxycycline’s multifaceted efficacy. 
Furthermore, through the targeted simulated 
experimental strategy, the study focused spe-
cifically on the pediatric and adolescent popu-
lation, particularly exploring the potential appli-
cation of doxycycline in patients aged 13-17, a 
group with limited relevant research in the 
existing literature, which holds significant clini-
cal relevance.

Finally, this study does have some limitations. 
Due to the actual sample size and the difficulty 
in collecting information, the final sample size 
obtained was insufficient to meet the required 
power for evaluation, which may result in less 
accurate findings. Some results had P-values 
close to 0.05, suggesting that an inadequate 
sample size or large population heterogeneity 
may have led to insufficient statistical power 
[49]. Although this study employed a simulated 
randomized controlled trial design and per-
formed precise matching and propensity score 
matching, there may still be unobserved con-
founding variables that caused bias in the 
results [50]. As this study mainly focused on 
30-day mortality, 6-month tumor response, 
and chemotherapy delays, we were unable to 
assess the long-term impact of doxycycline on 
overall survival (OS) or progression-free surviv-
al (PFS). In the future, we plan to include more 
centers and larger populations to validate the 
precise efficacy and safety of doxycycline in dif-
ferent subgroups of patients (e.g., those with 
malnutrition or anemia). Additionally, we will 
continue to explore whether doxycycline has a 
dual role in both anti-tumor and anti-infective 
effects, particularly in immunosuppressed pa- 
tients or in cases involving special pathogens 
such as drug-resistant strains.

Conclusion

This study systematically evaluated the thera-
peutic efficacy and safety of doxycycline in 
pediatric leukemia patients following chemo-
therapy, with particular focus on its role in 
treating Mycoplasma pneumonia and improv-
ing tumor prognosis. By comparing doxycycline 

with azithromycin and other empirical treat-
ment regimens, the study provides strong clini-
cal evidence supporting the advantages of 
doxycycline in maintaining chemotherapy conti-
nuity, reducing chemotherapy delays, and 
enhancing immune tolerance. Although no sig-
nificant differences were observed in short-
term outcomes such as treatment success 
rates or tumor remission rates, doxycycline 
demonstrated unique potential in reducing 
adverse reactions, shortening hospitalization, 
and improving infection control. We conclude 
that doxycycline may serve as an effective, low-
cost alternative for treating chemotherapy-
induced fever in 13-17-year-old leukemia pa- 
tients, particularly in cases of antibiotic resis-
tance or intolerance.
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Supplementary Table 1. Comparison of target trial specifications and emulation
Module Target Trial Specifications Target Trial Emulation
1. Inclusion 
and Exclusion 
Criteria
    Inclusion 
Criteria

1. Age: Pediatric patients aged 12-18 years.
2. Diagnosis: Confirmed diagnosis of leukemia (acute 
lymphoblastic leukemia or acute myeloid leukemia)  
according to WHO criteria.
3. Chemotherapy regimen: Patients whose leukemia 
chemotherapy regimen was not modified within 30 
days prior to the pneumonia diagnosis.
4. Pneumonia diagnosis: Clinical and radiological 
evidence of chemotherapy-induced or Mycoplasma 
pneumonia during chemotherapy or within 6 months 
post-chemotherapy.
5. Doxycycline treatment: Patients planned to receive 
doxycycline as the primary antibiotic treatment for 
pneumonia.
6. Follow-up commitment: Ability and willingness to 
participate in all planned follow-up visits at 2 weeks, 1 
month, and 6 months post-treatment initiation.
7. Informed consent: Written informed consent ob-
tained from parents/guardians (and assent from the 
patient, if applicable) to participate in the study.

1. Age: Pediatric patients aged 12-18 years. 
2. Diagnosis: Confirmed diagnosis of leukemia 
(acute lymphoblastic leukemia or acute myeloid 
leukemia) according to WHO criteria. 
3. Chemotherapy regimen: Patients whose leukemia 
chemotherapy regimen was not modified within 30 
days prior to the pneumonia diagnosis. 
4. Pneumonia diagnosis: Medical records indicate 
clinical and radiological evidence of chemotherapy-
induced or Mycoplasma pneumonia during chemo-
therapy or within 6 months post-chemotherapy. 
5. Doxycycline treatment: Patients receiving 
doxycycline as the primary antibiotic treatment for 
pneumonia. 
6. Follow-up data availability: Medical records 
available for follow-up data collection at 2 weeks, 1 
month, and 6 months post-treatment initiation. 
7. Informed consent: Consent obtained from par-
ents/guardians to use the data for the study (and 
assent from the patient, if applicable). 

    Exclusion 
Criteria 

1. Other malignancies: Patients diagnosed with can-
cers other than leukemia or those not  
receiving leukemia treatment. 
2. Chronic respiratory diseases: History of chronic  
respiratory diseases (e.g., cystic fibrosis, severe 
asthma, congenital pulmonary abnormalities). 
3. Alternative chemotherapy regimens: Patients  
receiving high-dose chemotherapy, salvage  
chemotherapy, or experimental regimens. 
4. Stem cell transplantation: Patients who have  
undergone or are scheduled to undergo hematopoietic 
stem cell transplantation (HSCT). 
5. Immunotherapy: Patients who received immu-
notherapy agents (e.g., blinatumomab, CAR T-cell 
therapy, immune checkpoint inhibitors) within the past 
6 months. 
6. Recent antibiotic use: Patients who used other 
systemic antibiotics within 30 days prior to pneumonia 
onset. 
7. Non-chemotherapy-related immunosuppression: Se-
vere immunodeficiencies unrelated to chemotherapy 
(e.g., HIV/AIDS, congenital immunodeficiencies). 
8. Concurrent infections: Active concurrent infections 
at the time of pneumonia diagnosis (e.g., sepsis, inva-
sive fungal infections, viral pneumonia). 
9. Incomplete data: Insufficient medical records or 
missing key data required for study endpoints. 
10. Doxycycline allergy: Known allergy or contraindica-
tion to doxycycline or tetracycline antibiotics. 

The same standards were applied as in the target 
trial specifications, based on a retrospective review 
of patient medical records.
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2. Treatment 
Strategies
    Grouping 
and Interven-
tions

(1) Doxycycline Group: 
Dosage and Administration: Patients received oral 
doxycycline treatment. For children weighing ≥ 45 kg, 
the initial loading dose was 200 mg (single dose), fol-
lowed by 100 mg every 12 hours. For children weigh-
ing < 45 kg, the dose was 2 mg/kg every 12 hours, 
with a maximum single dose of 100 mg.
(2) Control Group: 
-Azithromycin Group: Standard oral dosing per pediat-
ric guidelines.
-Other Treatment Group: Other standard antibiotics ap-
propriate for treating pediatric pneumonia, simulating 
the overall conditions of empirical treatment.
-Route of Administration: Oral administration was pre-
ferred unless contraindicated; intravenous administra-
tion was used when necessary.
-Supportive Treatments: 
-Symptomatic management: Use of antipyretics, fluid 
replacement, and oxygen therapy as needed.
-Continuation of chemotherapy: Standard chemothera-
py regimens were continued unless modifications were 
required due to adverse events. 

(1) Doxycycline Group: 
Dosage and Administration: Patients received oral 
doxycycline treatment. For children weighing ≥ 45 kg, 
the initial loading dose was 200 mg (single dose), 
followed by 100 mg every 12 hours. For children 
weighing < 45 kg, the dose was 2 mg/kg every 12 
hours, with a maximum single dose of 100 mg.
(2) Control Group: 
-Azithromycin Group: Received standard oral dosing 
based on medical records.
-Other Treatment Group: Received other standard 
antibiotics as documented in the medical records.
-Route of Administration: Primarily oral administra-
tion; any deviations were recorded.
-Supportive Treatments: 
-Symptomatic management: Recorded use of anti-
pyretics, fluid replacement, and oxygen therapy.
-Continuation of chemotherapy: Chemotherapy regi-
mens were continued as per medical records unless 
modified due to adverse events. 

3. Treatment 
Allocation
    Allocation 
Procedure

(1) Random Allocation of Eligible Patients: 
Patients were randomly assigned to the following treat-
ment groups to eliminate selection bias:
① Doxycycline Group
② Azithromycin Group
③ Other Treatment Group
(2) Randomization Method: 
A computer-generated random allocation table was 
used.
Stratification variables included age group, leukemia 
subtype, and neutropenia status. 

(1) Exact Matching:
Patients were matched precisely based on the time 
from fever onset to hospital admission.
(2) Propensity Score Matching:
Propensity scores were calculated based on baseline 
characteristics to match patients in the doxycycline 
group with those in the control groups.
Matching variables included age, sex, leukemia  
subtype, and neutropenia status, among others.

4. Outcome 
Measures
    Primary 
Outcome Mea-
sures

(1) Fever-Related Outcome Measures: 
① Clinical symptom improvement: Improvement in 
symptoms such as fever, cough, and shortness of 
breath.
② Time to fever resolution: Duration from the initiation 
of antibiotic treatment to the resolution of fever.
③ Hospitalization time for radiological improvement: 
Duration from the start of treatment to radiological 
improvement and the corresponding length of hospi-
talization.
④ Need for additional interventions: Requirement for 
additional antibiotics, ICU admission, or respiratory 
support.
⑤ Adverse events: Incidence and severity of adverse 
reactions related to antibiotic treatment. 

(1) Fever-Related Outcome Measures: 
① Clinical symptom improvement: Documented im-
provement in fever, cough, and shortness of breath 
as recorded in medical records.
② Time to fever resolution: Duration from the start 
of treatment to the first recorded instance of normal 
body temperature.
③ Hospitalization time for radiological improvement: 
Duration from treatment initiation to the recorded 
radiological improvement.
④ Need for additional interventions: Documenta-
tion of additional antibiotic use, ICU admission, or 
respiratory support.
⑤ Adverse events: Recorded side effects in medical 
records, including their severity and management.

    Second-
ary Outcome 
Measures

(2) Tumor-Related Outcome Measures: 
① Tumor response rate: Assessed using standardized 
criteria (e.g., changes in MRD levels, imaging findings).
② Impact on chemotherapy tolerance: Incidence of 
chemotherapy delays, dose reductions, or interrup-
tions due to adverse events or intolerance.

(2) Tumor-Related Outcome Measures: 
① Tumor response rate: Changes in MRD levels and 
imaging findings as documented in medical records.
② Impact on chemotherapy tolerance: Chemothera-
py delays, dose adjustments, or interruptions due to 
adverse events as recorded in treatment records.
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    Data Collec-
tion Methods

(1) Clinical Assessment: Symptoms were tracked at 
each follow-up visit using standardized forms.
(2) Radiological Assessment: Chest X-rays or CT scans 
were interpreted by radiologists blinded to this study.
(3) Adverse Event Monitoring: Side effects were regu-
larly evaluated and documented. 

(1) Data extracted from medical records.
(2) Information on symptom improvement and ad-
verse events documented in clinical notes.
(3) Radiological improvement details from imaging 
reports.
(4) Records of additional interventions and hospital-
ization details.
(5) Chemotherapy tolerance data from treatment 
records.
(6) Multiple reviewers: Data extraction conducted by 
multiple reviewers to ensure accuracy and consis-
tency.
(7) Standardized data extraction forms: Structured 
forms used to systematically capture all relevant 
data.

5. Follow-Up
    Follow-Up 
Plan

(1) Day 3 post-treatment: Assess clinical resolution of 
pneumonia.
(2) Week 2 post-treatment: Assess clinical resolution 
of pneumonia.
(3) Month 1 post-treatment: Perform repeat imaging if 
necessary and evaluate survival status.
(4) Month 6 post-treatment: Assess tumor remission 
rates.
(5) Additional visits: Conduct unscheduled visits as 
clinically indicated.
(6) Compliance monitoring: Use patient diaries or 
electronic monitoring devices, with regular reminders 
and follow-up calls. 

(1) Day 3 post-treatment: Extract symptom resolution 
data and imaging results from clinical records.
(2) Week 2 post-treatment: Extract symptom resolu-
tion data from clinical records.
(3) Month 1 post-treatment: Extract symptom resolu-
tion data and imaging results from clinical records.
(4) Month 6 post-treatment: Determine survival sta-
tus and tumor remission based on medical records.
(5) Additional data points: Include any unscheduled 
visits and related clinical information.
(6) Compliance assessment: Evaluate compliance 
through pharmacy records and clinical notes. 

6. Causal  
Comparison 
    Objective To estimate the causal effects of doxycycline com-

pared to other antibiotics on primary and secondary 
outcome measures.

The same as specified in the target trial specifica-
tions.

    Comparison (1) Doxycycline group vs. Azithromycin group
(2) Doxycycline group vs. Other treatment group

The same as specified in the target trial specifica-
tions.

    Confounding 
Control

(1) Randomization: Expected to balance measured 
and unmeasured confounders between treatment 
groups.
(2) Stratified Analysis: Performed based on key vari-
ables such as neutropenia status and age group.

(1) Exact matching method.
(2) Propensity score method: Matching and/or 
weighting to balance covariates.

    Assumptions Consistency, exchangeability, and positivity assump-
tions are satisfied through randomization and study 
design.

(1) No unmeasured confounders for the variables 
that have been measured.
(2) The model is correctly specified in the statistical 
analysis.
(3) Overlap/positivity: Sufficient overlap in covariate 
distributions between treatment groups.

7. Statistical 
Analysis
    Sample Size  
Calculation

Based on prior estimates of the expected effect size, 
the statistical power was set at 80% with an α level of 
0.05.

(1) Sample size was determined by the number of 
eligible patients in the retrospective dataset.
(2) Post hoc power analysis can be conducted.
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    Analysis Plan (1) Descriptive Statistics: Summarize demographic 
characteristics, baseline features, and baseline values 
of outcome measures.
(2) Comparative Analysis:
-Use chi-square tests for categorical variables (e.g., 
adverse events, additional interventions needed).
-Use t-tests or Mann-Whitney U tests for continuous 
variables (e.g., time to fever resolution, serological 
indicators).
(3) Survival Analysis:
-Kaplan-Meier curves for survival probabilities.
-Log-rank test to compare survival curves.
-Cox proportional hazards models to adjust for covari-
ates.
(4) Regression Models:
-Use linear regression for continuous outcomes (e.g., 
hospitalization time).
-Use logistic regression for binary outcomes (e.g., PCR 
negativity, tumor response).
(5) Confounder Adjustment: Include variables such as 
age, sex, and neutropenia status.
(6) Multiple Comparison Correction: Apply Bonferroni 
or FDR adjustments if necessary.
(7) Statistical Software: Analyses performed using R, 
SAS, or Stata with appropriate advanced statistical 
packages.
(8) Significance Level: A p-value < 0.05 is considered 
statistically significant unless corrected for multiple 
comparisons.

(1) Descriptive Statistics: Same as the target trial 
specifications, using extracted data.
(2) Comparative Analysis: Appropriate tests were 
used based on matched or weighted data (e.g., 
McNemar’s test for paired categorical data).
(3) Repeated Measures Analysis: Mixed-effects 
models were applied to account for individual cor-
relations over time.
(4) Survival Analysis: Weighted Kaplan-Meier curves 
and Cox models adjusted for propensity scores or 
covariates were used.
(5) Adjusted Regression Models: Included propen-
sity scores or matched strata, with adjustments for 
residual confounding variables.
(6) Handling Missing Data: Multiple imputation meth-
ods were applied for missing outcome data.
(7) Sensitivity Analysis: Assessed the impact of 
missing data and unmeasured confounders on the 
results.
(8) Statistical Software: Specialized packages in R, 
SAS, or Stata were used for the analysis.
(9) Significance Level: Same as specified in the 
target trial, with significance set at p < 0.05 unless 
corrected for multiple comparisons.

Supplementary Table 2. List of antibiotic drugs with approval numbers and manufacturers
Drug Name Manufacturer Approval Number
Azithromycin Dispersible Tablets Hubei Qianlong Pharmaceutical Co., Ltd. National Drug Approval H20000115
Doxycycline Hydrochloride Tablets Kaifeng Pharmaceutical (Group) Co., Ltd. National Drug Approval H41020946
Erythromycin Lactobionate for Injection Mero Pharmaceutical Co., Ltd. National Drug Approval H21021678
Erythromycin Cyclocarbonate For Suspension Aomei Pharmaceutical (Hainan) Co., Ltd. National Drug Approval H20090269
Clarithromycin Granule for Oral Suspension ABBVIE S.R.L. H20160416
Levofloxacin Hydrochloride Injection Shaanxi Duns Pharmaceutical Co., Ltd. National Drug Approval H20084239
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Supplementary Table 3. Doxycycline vs. Azithromycin: propensity score matching for patients treated within 1 day, baseline characteristics be-
fore matching

Variables Total (n = 57)
Group

Statistic P-value SMDAzithromycin Group  
(n = 23)

Doxycycline Group  
(n = 34)

Age, Mean ± SD 14.561 ± 1.570 14.174 ± 1.337 14.824 ± 1.678 t = -1.5521 0.126 0.436
Gender, n (%) χ2 = 1.2902 0.256 0.312
    Male 25 (43.860) 8 (34.783) 17 (50.000)
    Female 32 (56.140) 15 (65.217) 17 (50.000)
Presence of Neutropenia, n (%) χ2 = 1.1922 0.275 0.295
    No 20 (35.088) 10 (43.478) 10 (29.412)
    Yes 37 (64.912) 13 (56.522) 24 (70.588)
Leukemia Subtype, n (%) -3 0.008 0.937
    Acute Lymphoblastic Leukemia 27 (47.368) 15 (65.217) 12 (35.294)
    Acute Myeloid Leukemia 21 (36.842) 3 (13.043) 18 (52.941)
    Chronic Myeloid Leukemia 9 (15.789) 5 (21.739) 4 (11.765)
Duration of Chemotherapy (months), Median (Q1, Q3) 3.000 (2.000, 4.000) 3.000 (2.000, 4.000) 3.000 (2.000, 4.000) Z = 0.1504 0.881 0.044
Notes: 1. Independent samples t-test; 2. Pearson χ2 test; 3. Fisher’s exact test; 4. Mann-Whitney U test.

Supplementary Table 4. Doxycycline vs. Azithromycin: propensity score matching for patients treated within 1 day, baseline characteristics after 
matching

Variables Total (n = 38)
Group

Statistic P-value SMDAzithromycin Group 
(n = 19)

Doxycycline Group  
(n = 19)

Age, Mean ± SD 14.421 ± 1.482 14.105 ± 1.370 14.737 ± 1.558 t = -1.3271 0.193 0.442
Gender, n (%) -2 0.737 0.22
    Male 14 (36.842) 6 (31.579) 8 (42.105)
    Female 24 (63.158) 13 (68.421) 11 (57.895)
Presence of Neutropenia, n (%) -2 0.737 0.22
    No 14 (36.842) 8 (42.105) 6 (31.579)
    Yes 24 (63.158) 11 (57.895) 13 (68.421)
Leukemia Subtype, n (%) -2 1 0
    Acute Lymphoblastic Leukemia 24 (63.158) 12 (63.158) 12 (63.158)
    Acute Myeloid Leukemia 6 (15.789) 3 (15.789) 3 (15.789)
    Chronic Myeloid Leukemia 8 (21.053) 4 (21.053) 4 (21.053)
Duration of Chemotherapy (months), Median (Q1, Q3) 3.000 (2.000, 4.000) 3.000 (2.000, 4.000) 3.000 (1.500, 4.000) Z = 0.2093 0.834 0.078
Notes: 1. Independent samples t-test; 2. Fisher’s exact test; 3. Continuity-corrected Mann-Whitney U test.
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Supplementary Table 5. Doxycycline vs. Azithromycin: propensity score matching for patients treated on day 2 of fever, baseline characteristics 
before matching

Variables Total (n = 64)
Group

Statistic P-value SMDDoxycycline Group  
(n = 25)

Azithromycin Group 
(n = 39)

Age, Mean ± SD 14.625 ± 1.657 14.160 ± 1.344 14.923 ± 1.783 t = -1.9461 0.056 0.491
Gender, n (%) χ2 = 0.0112 0.917 0.027
    Male 44 (68.750) 17 (68.000) 27 (69.231)
    Female 20 (31.250) 8 (32.000) 12 (30.769)
Presence of Neutropenia, n (%) χ2 = 3.3862 0.066 0.49
    No 37 (57.812) 18 (72.000) 19 (48.718)
    Yes 27 (42.188) 7 (28.000) 20 (51.282)
Leukemia Subtype, n (%) -3 < 0.001 1.145
    Acute Lymphoblastic Leukemia 38 (59.375) 8 (32.000) 30 (76.923)
    Acute Myeloid Leukemia 20 (31.250) 15 (60.000) 5 (12.821)
    Chronic Myeloid Leukemia 6 (9.375) 2 (8.000) 4 (10.256)
Duration of Chemotherapy (months), Median (Q1, Q3) 3.000 (2.000, 4.000) 3.000 (2.000, 4.000) 3.000 (2.000, 4.000) Z = -0.7074 0.479 0.197
Notes: 1. Variance-corrected independent samples t-test; 2. Pearson χ2 test; 3. Fisher’s exact test; 4. Mann-Whitney U test.

Supplementary Table 6. Doxycycline vs. Azithromycin: propensity score matching for patients treated on day 2 of fever, baseline characteristics 
after matching

Variables Total (n = 37)
Group

Statistic P-value SMDDoxycycline Group  
(n = 13)

Azithromycin Group  
(n = 24)

Age, Mean ± SD 14.649 ± 1.767 14.000 ± 1.472 15.000 ± 1.842 t = -1.6851 0.101 0.617
Gender, n (%) -2 0.476 0.318
    Male 25 (67.568) 10 (76.923) 15 (62.500)
    Female 12 (32.432) 3 (23.077) 9 (37.500)
Presence of Neutropenia, n (%) -2 1 0.091
    No 21 (56.757) 7 (53.846) 14 (58.333)
    Yes 16 (43.243) 6 (46.154) 10 (41.667)
Leukemia Subtype, n (%) -2 1 0.111
    Acute Lymphoblastic Leukemia 24 (64.865) 8 (61.538) 16 (66.667)
    Acute Myeloid Leukemia 8 (21.622) 3 (23.077) 5 (20.833)
    Chronic Myeloid Leukemia 5 (13.514) 2 (15.385) 3 (12.500)
Duration of Chemotherapy (months), Median (Q1, Q3) 3.000 (2.000, 4.000) 3.000 (2.000, 3.000) 3.000 (2.750, 5.000) Z = -1.1023 0.27 0.401
Notes: 1. Independent samples t-test; 2. Fisher’s exact test; 3. Continuity-corrected Mann-Whitney U test.
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Supplementary Table 7. Doxycycline vs. Azithromycin: baseline characteristics for patients treated on day 3 of fever

Variables Total (n = 15)
Group

Statistic P-value SMDAzithromycin Group 
(n = 5)

Doxycycline Group  
(n = 10)

Age, Mean ± SD 15.067 ± 1.438 14.800 ± 1.924 15.200 ± 1.229 t = -0.4941 0.629 0.272
Gender, n (%) -2 0.608 0.408
    Male 7 (46.667) 3 (60.000) 4 (40.000)
    Female 8 (53.333) 2 (40.000) 6 (60.000)
Presence of Neutropenia, n (%) -2 0.6 0.447
    No 10 (66.667) 4 (80.000) 6 (60.000)
    Yes 5 (33.333) 1 (20.000) 4 (40.000)
Leukemia Subtype, n (%) -2 0.336 0.894
    Chronic Myeloid Leukemia 2 (13.333) 1 (20.000) 1 (10.000)
    Acute Myeloid Leukemia 6 (40.000) 3 (60.000) 3 (30.000)
    Acute Lymphoblastic Leukemia 7 (46.667) 1 (20.000) 6 (60.000)
Duration of Chemotherapy (months), Median (Q1, Q3) 3.000 (2.000, 4.000) 2.000 (2.000, 3.000) 3.000 (2.250, 4.000) Z = -0.6303 0.529 0.378
Notes: 1. Independent samples t-test; 2. Fisher’s exact test; 3. Continuity-corrected Mann-Whitney U test.
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Supplementary Figure 1. Doxycycline vs. Azithromycin: probability density curves before and after propensity score 
matching for patients treated within 1 day. A: Probability density curves before matching: The propensity score 
probability density curves of the two groups intersect, suggesting that propensity score matching is feasible. B: 
Probability density curves after matching: the greater the overlap of the probability density curves after matching, 
the better the matching quality.

Supplementary Figure 2. Doxycycline vs. Azithromycin: probability density curves before and after propensity score 
matching for patients treated on day 2 of fever. A: Probability density curves before matching: the propensity score 
probability density curves of the two groups intersect, suggesting that propensity score matching is feasible. B: 
Probability density curves after matching: the greater the overlap of the probability density curves after matching, 
the better the matching quality.
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Supplementary Table 9. Doxycycline vs. other empirical treatments: propensity score matching for patients treated on day 2 of fever, baseline 
characteristics before matching

Variables Total (n = 51)
Group

Statistic P-value SMDOther Empirical  
Treatment (n = 26)

Doxycycline Group  
(n = 25)

Age, Mean ± SD 14.314 ± 1.556 14.462 ± 1.749 14.160 ± 1.344 t = 0.6881 0.494 0.197
Gender, n (%) χ2 = 3.3982 0.065 0.535
    Male 23 (45.098) 15 (57.692) 8 (32.000)
    Female 28 (54.902) 11 (42.308) 17 (68.000)
Presence of Neutropenia, n (%) χ2 = 2.5882 0.108 0.463
    No 20 (39.216) 13 (50.000) 7 (28.000)
    Yes 31 (60.784) 13 (50.000) 18 (72.000)
Leukemia Subtype, n (%) -3 0.021 0.815
    Acute Lymphoblastic Leukemia 25 (49.020) 17 (65.385) 8 (32.000)
    Acute Myeloid Leukemia 21 (41.176) 6 (23.077) 15 (60.000)
    Chronic Myeloid Leukemia 5 (9.804) 3 (11.538) 2 (8.000)
Duration of Chemotherapy (months), Median (Q1, Q3) 3.000 (1.000, 3.000) 2.000 (1.000, 3.000) 3.000 (2.000, 4.000) Z = -1.5284 0.127 0.418
Notes: 1. Independent samples t-test; 2. Pearson χ2 test; 3. Fisher’s exact test; 4. Mann-Whitney U test.

Supplementary Table 8. Doxycycline vs. other empirical treatments: baseline characteristics for patients treated within 1 day

Variables Total (n = 70)
Group

Statistic P-value SMDOther Empirical  
Treatment (n = 36)

Doxycycline Group  
(n = 34)

Age, Mean ± SD 14.800 ± 1.665 14.778 ± 1.675 14.824 ± 1.678 t = -0.1141 0.909 0.028
Gender, n (%) χ2 = 0.2172 0.642 0.111
    Male 33 (47.143) 16 (44.444) 17 (50.000)
    Female 37 (52.857) 20 (55.556) 17 (50.000)
Presence of Neutropenia, n (%) χ2 = 1.1442 0.285 0.258
    No 25 (35.714) 15 (41.667) 10 (29.412)
    Yes 45 (64.286) 21 (58.333) 24 (70.588)
Leukemia Subtype, n (%) -3 0.647 0.249
    Acute Myeloid Leukemia 34 (48.571) 16 (44.444) 18 (52.941)
    Chronic Myeloid Leukemia 7 (10.000) 3 (8.333) 4 (11.765)
    Acute Lymphoblastic Leukemia 29 (41.429) 17 (47.222) 12 (35.294)
Duration of Chemotherapy (months), Median (Q1, Q3) 3.000 (2.000, 4.000) 3.000 (2.000, 4.000) 3.000 (2.000, 4.000) Z = 0.9724 0.331 0.231
Notes: 1. Independent samples t-test; 2. Pearson χ2 test; 3. Fisher’s exact test; 4. Mann-Whitney U test.
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Supplementary Table 11. Doxycycline vs. other empirical treatments: baseline characteristics for patients treated on day 3 of fever

Variables Total (n = 28)
Group

Statistic P-value SMDOther Empirical  
Treatment (n = 18)

Doxycycline Group  
(n = 10)

Age, Mean ± SD 14.464 ± 1.551 14.056 ± 1.589 15.200 ± 1.229 t = -1.9681 0.06 0.836
Gender, n (%) -2 1 0.09
    Male 12 (42.857) 8 (44.444) 4 (40.000)
    Female 16 (57.143) 10 (55.556) 6 (60.000)
Presence of Neutropenia, n (%) -2 0.695 0.315
    No 14 (50.000) 10 (55.556) 4 (40.000)
    Yes 14 (50.000) 8 (44.444) 6 (60.000)
Leukemia Subtype, n (%) -2 0.533 0.542
    Chronic Myeloid Leukemia 5 (17.857) 4 (22.222) 1 (10.000)
    Acute Myeloid Leukemia 5 (17.857) 2 (11.111) 3 (30.000)
    Acute Lymphoblastic Leukemia 18 (64.286) 12 (66.667) 6 (60.000)
Duration of Chemotherapy (months), Median (Q1, Q3) 2.500 (2.000, 4.000) 2.000 (2.000, 3.750) 3.000 (2.250, 4.000) Z = -0.6193 0.536 0.218
Notes: 1. Independent samples t-test; 2. Fisher’s exact test; 3. Continuity-corrected Mann-Whitney U test.

Supplementary Table 10. Doxycycline vs. other empirical treatments: propensity score matching for patients treated on day 2 of fever, baseline 
characteristics after matching

Variables Total (n = 26)
Group

Statistic P-value SMDOther Empirical  
Treatment (n = 13)

Doxycycline Group  
(n = 13)

Age, Mean ± SD 14.269 ± 1.614 13.846 ± 1.908 14.692 ± 1.182 t = -1.3591 0.187 0.555
Gender, n (%) -2 0.428 0.48
    Male 11 (42.308) 7 (53.846) 4 (30.769)
    Female 15 (57.692) 6 (46.154) 9 (69.231)
Presence of Neutropenia, n (%) -2 0.688 0.32
    No 10 (38.462) 6 (46.154) 4 (30.769)
    Yes 16 (61.538) 7 (53.846) 9 (69.231)
Leukemia Subtype, n (%) -2 1 0
    Acute Lymphoblastic Leukemia 12 (46.154) 6 (46.154) 6 (46.154)
    Acute Myeloid Leukemia 12 (46.154) 6 (46.154) 6 (46.154)
    Chronic Myeloid Leukemia 2 (7.692) 1 (7.692) 1 (7.692)
Duration of Chemotherapy (months), Median (Q1, Q3) 3.000 (3.000, 3.000) 3.000 (3.000, 3.000) 3.000 (3.000, 3.000) Z = 0.0003 1 0
Notes: 1. Independent samples t-test; 2. Fisher’s exact test; 3. Continuity-corrected Mann-Whitney U test.
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Supplementary Figure 3. Doxycycline vs. other empirical treatments: probability density curves before and after 
propensity score matching for patients treated on day 2 of fever. A: Probability density curves before matching: the 
propensity score probability density curves for the two groups intersect, indicating that propensity score matching is 
feasible. B: Probability density curves after matching: the greater the overlap of the probability density curves after 
matching, the better the matching quality.


