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Abstract 

Background  Perioperative management and lung function recovery are vital for lung cancer patients. We conducted 
an open-label, single-center, noninferiority, randomized controlled trial in China to evaluate the efficacy of digital 
therapeutic (DTx)-assisted management vs. multidisciplinary management (MM) in the perioperative management 
of patients with lung cancer.

Methods  From July 2022 to June 2023, 186 minimally invasive lung surgery patients were randomized, and 147 com-
pleted the study. The participants were randomly assigned a 1:1 ratio to receive DTx-assisted management (n = 72) 
or traditional MM (n = 75). The primary endpoint was the pulmonary function recovery rate measured by forced 
expiratory volume in the first second (FEV1%) 3 weeks after surgery, and the noninferiority margin was set to 4.8%. The 
secondary endpoints included hospital stay duration, 90-day unplanned readmission rate, symptom scores, patient 
management time, and patient satisfaction rate. Exploratory endpoints include factors influencing postoperative lung 
function recovery.

Results  The lung function FEV1% recovery rate of the DTx group was not inferior to that of the MM group 
(87.18% ± 11.01% vs. 84.21% ± 11.75%). There were no significant differences between the two groups in terms 
of postoperative hospitalization duration or 90-day unplanned readmission rates. The patient management time 
in the DTx group was significantly shorter than that in the MM group (1.48 ± 3.22 min vs. 16.67 ± 6.41 min, P < 0.001). 
Patient symptom scores tended to decrease over time after discharge, and the 5 target symptoms included pain, 
coughing, shortness of breath, disturbed sleep, and fatigue. On the 7th day after discharge, the DTx group had a lower 
occurrence rate of the 5 target symptoms triggering the alert threshold compared to the MM group (P = 0.002). 
Patients with higher education levels achieved a better FEV1% recovery rate with DTx-assisted management 
(P = 0.021).
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Conclusions  Compared with the MM group, the DTx group achieved noninferior results in all evaluated clinically 
meaningful endpoints but was significantly more efficient in perioperative management, providing an alternative 
digitalized management mode for patients with lung cancer surgery.

Trial registration  ChiCTR2200064723.

Keywords  Digital therapeutics, Lung cancer surgery, Perioperative management, FEV1% recovery, Minimally invasive 
surgery

Background
Lung cancer is one of the most prevalent and deadly 
types of tumors worldwide [1]. With the increasing popu-
larity of chest CT screening, more early-stage lung can-
cers are being detected [2]. The widespread adoption of 
thoracoscopy techniques and the application of enhanced 
recovery after surgery (ERAS) concepts have brought 
hope for rapid recovery from minimally invasive surgery 
for lung cancer [3, 4], leading to a gradual reduction in 
hospitalization time for patients [5]. Nevertheless, sur-
gical intervention for lung cancer inevitably results in 
complications and functional impairments, significantly 
impacting patients’ lung function and quality of life [6], 
including issues such as pain, chronic cough, and breath-
ing difficulties [7].

It has been reported that perioperative lung rehabilita-
tion training and exercise training can benefit non-small 
cell lung cancer (NSCLC) patients who undergo surgical 
resection and improve their quality of life [8, 9]. However, 
as the hospitalization duration for patients with lung can-
cer decreases, guidance for rehabilitation and symptom 
management during hospitalization and after discharge 
becomes limited. Currently, most routine management 
methods for thoracic surgery patients after discharge lack 
effective intervention strategies [10, 11]. A multidiscipli-
nary management (MM)-based ERAS approach might 
improve this situation [12, 13]; however, this approach 
imposes a significant workload on clinical staff and has 
deficiencies in timely intervention in patients’ symptoms 
and rehabilitation guidance. Therefore, establishing an 
effective perioperative management mode for patients 
with lung cancer is of significant clinical importance.

The application of digital tools is effective for remote 
symptom monitoring and functional exercise guid-
ance [14, 15]. Symptom assessment based on patient-
reported outcomes (PROs) allows patients to provide 
direct quantitative feedback on the severity of symptoms 
[16], and it has been reported that the electronic PRO 
approach can improve short-term symptoms in patients 
with lung cancer [17]. The rapid rise of digital therapeu-
tic (DTx), a software-based therapy, used independently 
or in conjunction with drugs, devices, or other therapies 
[18], has provided possibilities for disease prevention, 
intervention, and post-discharge patient recovery and 

management [19]. However, the application of DTx in the 
perioperative management of lung cancer remains lim-
ited, and evidence comparing the efficacy of DTx-assisted 
management and manual MM methods is still lacking.

We aimed to evaluate the efficacy of the DTx-assisted 
management mode, which empowers the MM team’s 
work on patient education, exercise rehabilitation, and 
symptom monitoring and management, with a prospec-
tive randomized controlled trial (RCT) in China. We 
anticipate that the DTx mode will lead to noninferior 
lung function recovery compared with the traditional 
MM mode, providing a new convenient and high-efficacy 
alternative for the perioperative management of patients 
with lung cancer.

Methods
Study design
This RCT study was registered in the Chinese Clinical 
Trial Registry (ChiCTR2200064723). All patients were 
enrolled with written informed consent under institu-
tional review board-approved protocols of the First Affili-
ated Hospital, Zhejiang University School of Medicine 
(IIT20220068C). This study was conducted in accordance 
with the Declaration of Helsinki and followed the CON-
SORT guidelines [20].

Patients
Patients planning to undergo minimally invasive pulmo-
nary resection surgery staged I–IIIA and aged between 
18 and 75 were enrolled in this study from July 2022 to 
June 2023. The FEV1 during preoperative lung function 
examination needs to be greater than or equal to 1.2 L 
and the FEV1% needs to be greater than or equal to 60% 
of the expected value. Patients should be able to use intel-
ligent devices and fill out electronic questionnaires. The 
exclusion criteria were as follows: pre-surgery smoking 
cessation time less than 2 weeks; ECOG score greater 
than 1 point; receiving preoperative neoadjuvant ther-
apy or thoracic surgery; unable to move due to organic 
changes such as trauma, illness, and severe arthritis; use 
of systemic corticosteroids within 1 month before sur-
gery; previous history of major diseases, including a his-
tory of other malignant tumors within 5 years; a 6-month 
history of angina, myocardial infarction, and stroke; and 
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current existence of serious or uncontrollable systemic 
diseases, including thyroid disease, uncontrollable hyper-
tension, coagulation dysfunction, or active infections, 
such as hepatitis B, hepatitis C, and human immunodefi-
ciency virus (HIV).

Study endpoints
The primary endpoint was the recovery rate of FEV1% of 
lung function 3 weeks after surgery, and the recovery rate 
of FEV1% was defined via the following formula:

The secondary endpoints included the postoperative 
length of hospital stay (LOS), 90-day unplanned readmis-
sion rate, symptom scores, patient satisfaction rate, and 
patient management time. The exploratory endpoints 
focused on identifying factors that influence postop-
erative lung function recovery. See details in Additional 
file 1: Trial protocol and statistical analysis [8, 9, 21–41].

The Perioperative Symptom Assessment for Lung Sur-
gery (PSA-Lung) was used to assess symptom burden 
[42, 43], and detailed information on the PSA-Lung is 
provided in Additional file 1: Trial protocol and statisti-
cal analysis, Appendices, PSA-Lung Table. The symptom 
severity was rated from 0 to 10 for each item, and the 
symptom grade was defined as mild, moderate, or severe 
[44–48], as shown in Additional file 2: Table S1. The five 
predefined target symptoms included pain, cough short-
ness of breath, disturbed sleep, and fatigue. A symptom 
alert threshold event was defined as a target symptom 
score that reached the moderate or severe grade.

Study intervention
The study intervention methods, including the patient 
education module, exercise module, and symptom man-
agement module, are shown in Additional file 2: Table S2. 
The digital software Shu Yu app, designed by Shang-
hai CinoCore Health Technology Co., Ltd., is a class II 
medical device and approved by the National Medical 
Products Administration in China (Jiangsu Device Reg-
istration Approval No. 20232211057). It was used for 
perioperative management in the DTx group. All patients 
returned to the hospital for a comprehensive reexamina-
tion 3 weeks after surgery.

Education module
Preoperative stage: The DTx and MM groups received 
routine preoperative health education from thoracic doc-
tors and nursing staff. The DTx group received an addi-
tional 10-min training session of the DTx software user 
guide and preoperative knowledge training courses on 

Recovery rate =
FEV1% three weeks after surgey

preoperative FEV1%

the software. The MM group received additional educa-
tion from the rehabilitation department.

Postoperative stage: The DTx group patients received 
routine education 10 min per day before discharge, and 
they could obtain information from the software at any 
time before and after discharge. The MM group received 
routine education assisted by rehabilitation depart-
ment physicians 30  min per day before discharge, and 
they received education via telephone follow-up after 
discharge.

Exercise module
Early ambulation is recommended for both the DTx 
group and MM group patients. There is no unified 
standard for exercise prescriptions yet, and the exercise 
module in this study adopted respiratory, aerobic, and 
resistance exercises [49–51].

Preoperative stage: The DTx and MM groups received 
20 min of respiratory, aerobic, and resistance exercises. 
The DTx software collected baseline data to adjust the 
exercise intensity adaptively. The MM group patients 
received additional assistance from the rehabilitation 
department.

Postoperative stage: The DTx and MM groups received 
20 min of respiratory exercise and 60 min of aerobic and 
resistance exercises per day. The DTx software automati-
cally adjusted goals based on patients’ exercise tolerance, 
exercise habits and preferences weekly. A rehabilitation 
therapist helped the MM group patients exercise before 
discharge, provided exercise prescriptions, and made 
dynamic adjustments via weekly telephone follow-up 
after discharge.

Symptom management module
The DTx group patients recorded symptoms through the 
software, which provided algorithm-based self-manage-
ment advice and timely intervention instructions by doc-
tors and nurses; if necessary, patients were informed to 
return to the hospital for further treatment.

The MM group patients recorded their symptoms via 
WeChat questionnaires, received routine management, 
and sought medical aid if necessary. If the patient does 
not fill out the report promptly, the healthcare team will 
retrospectively inquire about the patient’s symptoms dur-
ing the telephone guidance process and provide symptom 
intervention instructions.

Statistical analysis
The current study adopted a noninferiority method to 
assess the efficacy of DTx in perioperative lung cancer 
management [52]. This study assumes equivalent effi-
cacy between the DTx group and the MM group. Based 
on preliminary trial data collected at our center, the 
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mean recovery rate of FEV1% at 3 weeks post-surgery 
is assumed to be 83.57% in both groups, with a stand-
ard deviation of 13%. The noninferiority margin is set at 
5%. A one-sided significance level of 0.025 and a power 
of 90% are established. Sample size calculations via the 
specialized software PASS yield a requirement of 144 
subjects per group (Additional file 2: Method S1 [53, 54]). 
Accounting for a dropout rate of no more than 20%, each 
group consists of 180 subjects, resulting in 360 partici-
pants. An independent statistical expert conducted a pre-
planned, interim noninferiority analysis. This analysis is 
expected to be conducted in the 12th month of the trial. 
When 108 events are observed among the randomized 
subjects (approximately 30% of the targeted lung function 
recovery events [55]), the external statistical expert will 
perform the interim analysis as scheduled. The O’Brien-
Fleming α spending function approach is adopted, and 
the noninferiority margin is adjusted to 4.8% [56]. If 
the interim formal comparison for the clinical endpoint 
reaches the noninferiority margin, early termination of 
the study will be allowed to reduce the effort of medical 
and rehabilitation staff.

Using SAS 9.4 statistical software and the central ran-
domization system, a randomization table for study par-
ticipants with consecutive numbering was generated at 
a 1:1 ratio between the DTx and MM groups. Each par-
ticipant is assigned a unique random number during the 
study period. The chi-square test, t-test, linear model, 
linear mixed effect model, and analysis of covariance 
were used for statistical analysis. If the data were not nor-
mally distributed, a nonparametric test was adopted. A 
linear mixed-effect model was adopted to adjust for each 
symptom of concern. Given the symmetrical correlation 

between various response time points of PRO, which 
also tends to diminish over time, the covariate structure 
employs a first-order autoregressive model [57]. Statisti-
cal analyses were conducted via SPSS 22.0 software (IBM 
SPSS Inc., USA) and R software version 4.3.1 (The R 
Foundation for Statistical Computing).

Results
Patients
When 147 events were observed among the randomized 
subjects (40.83% of the targeted lung function recovery 
events), the interim analysis was performed, the pri-
mary endpoint reached the noninferiority margin, and 
the study was terminated. A total of 252 patients were 
screened, and 186 patients were randomly allocated to 
each group. Thirty-five patients (18.8%) met the exit 
criteria due to hospital stays longer than 7 days, did not 
receive surgery, had benign pathology, or were lost to fol-
low-up. A total of 72 patients were ultimately included in 
the intervention group (DTx group), and 75 patients were 
included in the control group (MM group), as shown in 
Fig.  1. There was no significant difference in the base-
line characteristics between the two groups, as shown in 
Table 1.

Primary and secondary endpoints
The primary endpoint was the recovery rate of FEV1% of 
lung function 3 weeks after surgery. The FEV1% recovery 
rate of the DTx group was not inferior to that of the MM 
group (87.18% ± 11.01% vs. 84.21% ± 11.75%), with a mean 
difference of 3.05% (− 0.61%, 6.71%), and the lower limit 
was greater than − Δ (− 4.8%), as shown in Additional 
file 2: Fig. S1.

Fig. 1  Flow diagram of the patient selection process
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The secondary endpoints included postoperative LOS, 
90-day unplanned readmission rate, symptom scores, 
patient satisfaction rate, and patient management time. 
There was no significant difference between the DTx 
and MM groups, with a mean postoperative LOS of 
3.85 vs. 3.84 days (P = 0.966) and a 90-day readmission 
rate of 6.94% vs. 6.67% (P = 1.000), as shown in Table 2. 
Notably, the patient management time in the DTx group 
was significantly shorter than that in the MM group 
(1.48 ± 3.22  min vs. 16.67 ± 6.41  min, P < 0.001), suggest-
ing greater efficacy of DTx management. The patient sat-
isfaction survey results of the DTx group are shown in 
Table  3. A total of 91.67% of patients in the DTx group 

believed that software operations had slight or no diffi-
culty, and the percentages of patients who believed that 
education, exercise, and symptom management modules 
were highly effective were 90.28%, 90.28%, and 94.44%, 
respectively.

The patients’ symptoms were assessed via PRO meas-
ures. There was no significant difference in the patient 
completion rate between the DTx and MM groups, as 
shown in Additional file 2: Table S3 and Additional file 2: 
Fig. S2. The 5 target symptoms showed a decreasing trend 
over time after discharge. There was no significant differ-
ence in the mean value of the 5 target symptoms between 
the DTx and MM groups (P = 0.162), as shown in Fig. 2A 

Table 1  Baseline characteristics of the included patients

Characteristics No. (%) Pvalue

DTx group (n = 72) MM group (n = 75)

Sex
  Male 13 (18.06) 16 (21.33) 0.770

  Female 59 (81.94) 59 (78.67)

Age 48.19 ± 11.80 48.07 ± 11.39 0.947

Charlson score 0.902

  0 57 (79.17) 61 (81.33)

  > 0 15 (20.83) 14 (18.67)

Presurgery FEV1% 99.74 ± 12.64 99.22 ± 14.12 0.813

BMI 26.22 ± 2.47 22.84 ± 2.79 0.157

Smoking history 0.495

  Never 69 (95.83) 69 (92.00)

  Currently or ever 3 (4.17) 6 (8.00)

Education level 0.156

  Junior high school or lower 29 (40.28) 40 (53.33)

  Senior high school or above 43 (59.72) 35 (46.67)

Surgical approach 0.389

  Wedge resection 45 (62.50) 42 (56.00)

  Segmentectomy 17 (23.61) 16 (21.33)

  Lobectomy 10 (13.89) 17 (22.67)

Stage 0.527

  I 71 (98.61) 72 (96.00)

  II 1 (1.39) 2 (2.67)

  IIIA 0 1 (1.33)

Histology 0.379

  Minimally invasive adenocarcinoma 36 (50.00) 45 (60.00)

  Invasive adenocarcinoma 34 (47.22) 27 (36.00)

  Others 2 (2.78) 3 (4.00)

Surgical site 0.924

  Right upper lobe 24 (33.33) 28 (37.33)

  Right lower lobe 17 (23.61) 14 (18.67)

  Right middle lobe 1 (1.39) 2 (2.67)

  Left upper lobe 19 (26.39) 19 (25.33)

  Left lower lobe 11 (15.28) 12 (16.00)
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and Additional file  2: Tables S4 and S5. Furthermore, 
whether the 5 target symptoms trigger an alert thresh-
old should receive increased attention. A comparison of 
the alert event ratios of the 5 target symptoms between 
the DTx and MM groups is shown in Fig. 2B and Addi-
tional file 2: Tables S6 and S7. These findings suggested 
that the DTx group exhibited a comparable ability to the 
MM group in terms of patient alerts to symptom events 
(P = 0.780). A significant difference in the number of alert 
events triggered by the 5 target symptoms was observed 

on the 7th day after discharge (P = 0.002), with the MM 
group manifesting a greater number of alert symptoms 
than the DTx group.

Exploratory endpoints
The exploratory endpoints focused on identifying fac-
tors that influence postoperative lung function recovery. 
Subgroup analyses were conducted to explore potential 
factors, and we found that among individuals with lower 
educational levels, there was no significant difference in 

Table 2  Perioperative assessment of secondary endpoints of the included patients

a In addition to readmission due to adverse events, another patient in the DTx group returned to the hospital due to COVID-19

Outcomes DTx group (n = 72) MM group (n = 75) P value

Postoperative length of stay, day 3.85 ± 0.99 3.84 ± 1.07 0.966

90-day unplanned readmissiona 1.000

  No 67 70

  Yes 5 5

Patient management time, min 1.48 ± 3.22 16.67 ± 6.41  < 0.001

Table 3  Patient satisfaction survey of the DTx group

a Grade A indicates that the operational difficulty and effectiveness of different modules were the highest, and the degree gradually decreased from A to E

Index Gradea

A: highest B: high C: moderate D: low E: lowest

Operational difficulty 0 4 (5.56%) 2 (2.78%) 5 (6.94%) 61 (84.72%)

Efficacy of patient education module 47 (65.28%) 18 (25.00%) 5 (6.94%) 0 2 (2.78%)

Efficacy of exercise module 52 (72.22%) 13 (18.06%) 5 (6.94%) 2 (2.78%) 0

Efficacy of symptom management module 51 (70.83%) 17 (23.61%) 4 (5.56%) 0 0

Fig. 2  Comparison of 5 target symptoms between the DTx group and MM group. A Comparison of the mean values of the 5 target symptoms. B 
Comparison of the alert event ratios for 5 target symptoms. Pod postoperative day, Dis discharge
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the FEV1% recovery rate between the DTx group and 
the MM group (P = 0.914). However, among those with 
higher educational levels, those in the DTx group had a 
significantly better FEV1% recovery rate than those in 
the MM group (P = 0.021), as shown in Additional file 2: 
Table S8. The results indicated that patients with higher 
levels of education were more likely to benefit from DTx-
assisted management.

Discussion
We conducted a RCT to evaluate the efficacy of DTx in 
perioperative management in patients receiving mini-
mally invasive lung cancer surgery. The DTx product 
used in this study was developed by Shanghai CinoCore 
Health Technology Co., Ltd.. It is a class II medical device 
approved by the National Medical Products Administra-
tion in China (Registration No. 20232211057, Jiangsu, 
China). To align with the ERAS protocol, the DTx prod-
uct was customized by incorporating the following fea-
tures: [1] A symptom management module tailored 
to address five core symptoms specific to lung cancer 
patients who have undergone surgical interventions. (2) 
Educational materials curated by our hospital, integrated 
into the underlying education module. These customiza-
tions aim to enhance patient care and outcomes through-
out the treatment journey. A detail visual representation 
of the product’s architecture and key features is repre-
sented in Additional file 2: DTx product description.

Compared with the traditional manual MM mode 
involving thoracic surgeons, nursing staff, and rehabili-
tation practitioners, the innovative mode based on DTx 
has achieved noninferior results in terms of the recovery 
of patients’ pulmonary function, comparable postopera-
tive LOS, and 90-day readmission rates. Postoperative 
symptoms were controlled and managed properly in both 
groups, as presented by a consistent decreasing trend in 
the 5 target symptom scores. The number of alert events 
of the 5 target symptoms in the DTx group was signifi-
cantly lower than that in the MM group on the 7th day 
after discharge, indicating the benefits of proactive 
remote monitoring and timely intervention. On the other 
hand, the DTx group allows care teams to largely reduce 
their workload and improve work efficiency during the 
patient recovery stage, and patients achieve high levels of 
satisfaction with this innovative model.

The study, to the best of our knowledge, is the first RCT 
in the field of thoracic surgery that evaluated the effi-
cacy of postoperative pulmonary functional recovery and 
symptom alleviation using MM mode as a control arm 
[4, 5, 12]. The recovery rate of FEV1% was selected as the 
primary endpoint, given its established use as a standard 
measure of lung function recovery [58–60] and its strong 
correlation with health-related quality of life (HRQoL) 

[61, 62]. Previous studies have demonstrated a peak 
decline in FEV1 functionality typically occurring between 
2 and 4 weeks post-surgery, highlighting its sensitivity 
to airway obstruction and responsiveness to short-term 
interventions, such as postoperative rehabilitation exer-
cises [60, 63]. On this basis, we have demonstrated the 
noninferiority of DTx, highlighting its efficacy in perio-
perative care for patients with lung cancer. Owing to the 
increasing volume of surgeries and the overwhelming 
workload for both care teams and rehabilitation thera-
pists, it has become challenging to implement standard-
ized rehabilitation training extensively among patients 
and extend it beyond the hospital stay. Moreover, varia-
tions in patients’ cognitive levels and compliance result in 
inconsistent outcomes. Compared with the MM group, 
the DTx group required less time to manage patients, 
which can greatly improve management efficiency, save 
medical resources, and may play a pivotal role in increas-
ing the fairness of healthcare access [64]. Therefore, the 
portability and scalability of DTx offer promising pros-
pects for advancing the management of lung cancer 
patients during the perioperative period.

The current study innovatively integrates DTx with 
PRO to fully utilize the software for managing periopera-
tive care for patients with lung cancer. Patient symptom 
management in PRO mode allows healthcare provid-
ers to offer timely interventions, significantly improving 
management efficiency, cost-effectiveness, and patient 
satisfaction [17, 65–67]. The DTx-assisted management 
method in the study was carefully designed with a patient 
education module, exercise module, and symptom man-
agement module. Based on timely bidirectional commu-
nication between doctors and patients through software, 
the DTx method effectively transcends geographical and 
time barriers [68]. Altering patients’ beliefs and behavior 
patterns deepens their understanding of the disease and 
engages them more actively in self-management. Prior 
studies have shown that patients with greater involve-
ment have better outcomes [12, 69, 70].

The implementation of the DTx-assisted management 
mode requires several key elements. First, it heavily relies 
on initial DTx product training provided by the care 
team. Once patients are aware of and thereafter engaged 
in this innovative management pattern, the efficiency 
of ongoing remote management will be significantly 
improved. The care team also needs training and dedi-
cation to this initial DTx introductory setup before the 
innovative model delivers its anticipated result. Second, 
the implementation of DTx is contingent on patients’ 
ability to use smartphones. It has been reported that 
educational level is associated with decreased lung func-
tion [71]. In this study, we observed that patients with 
higher educational levels achieved better lung function 
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recovery from DTx management. Third, prompt inter-
vention for alerted symptoms during the patient recov-
ery period increases compliance with the management 
plan. DTx is highly beneficial for physicians with respect 
to mild symptom management and mild-to-severe symp-
tom monitoring. However, it cannot replace physicians in 
providing medical advice. Once patients receive prompt 
feedback from their care team, they perceive the product 
to be a bidirectional communication hub, which is a criti-
cal component in establishing a therapeutic alliance. If 
there is no guidance from health care professionals, rely-
ing solely on self-management by patients may lead to a 
discount in effectiveness [72].

Limitations
This study has several limitations. (1) Trials lack blind-
ing of patients and investigators due to the nature of the 
intervention. (2) As this was a single-site trial, most of 
the patients included in the study were in stage I, with 
a relatively small proportion of stage II and III patients. 
This finding aligns with patient segmentation in patients 
treated in our hospital, and more evidence is needed to 
determine whether DTx can benefit populations with 
late-stage disease. (3) As the trial was conducted only 
in China, the efficacy of the DTx-assisted management 
mode needs more evidence in other countries where cul-
tures and clinical practices are different. A regional or 
an international multicenter trial is needed for further 
validation. (4) The trial focused on a specific cohort and 
excluded patients who experienced severe postopera-
tive complications, which may have limited our ability to 
fully capture the range of complications observed in real-
world clinical settings. For readers interested in the anal-
ysis of patients with prolonged hospitalization, detailed 
results are presented in Additional File 3. To address this 
potential limitation and enhance the applicability of our 
findings to a broader patient population, further research 
will be valuable in exploring the impact of more severe 
complications on patient outcomes.

Conclusions
In conclusion, the DTx-assisted management demon-
strated noninferior efficacy in lung function recovery 
(FEV1%) compared to traditional multidisciplinary man-
agement for lung cancer surgery patients. Additionally, 
DTx significantly reduced patient management time and 
improved symptom control, offering a more efficient digi-
talized alternative for perioperative care.
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