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abstract

PURPOSE We aimed to evaluate the efficacy and feasibility of patient-reported outcome (PRO)-based symptom
management in the early period after lung cancer surgery.

METHODS Before surgery, patients with clinically diagnosed lung cancer were randomly assigned 1:1 to receive
postoperative PRO-based symptom management or usual care. All patients reported symptoms on MD
Anderson Symptom Inventory-Lung Cancer presurgery, daily postsurgery, and twice a week after discharge for
up to 4 weeks via an electronic PRO system. In the intervention group, treating surgeons responded to
overthreshold electronic alerts driven by any of the five target symptom scores (score $ 4 on a 0-10 scale for
pain, fatigue, disturbed sleep, shortness of breath, and coughing). The control group patients received usual
care and no alerts were generated. The primary outcome was the number of symptom threshold events (any
target symptom with a score of $ 4) at discharge. Per-protocol analyses were conducted.

RESULTS Of the 166 participants, 83 were randomly allocated to each group. At discharge, the intervention group
reported fewer symptom threshold events than the control group (median [interquartile range], 0 [0-2] v 2 [0-3];
P5 .007). At 4 weeks postdischarge, this difference was maintained between the intervention and control groups
(median [interquartile range], 0 [0-0] v 0 [0-1]; P 5 .018). The intervention group had a lower complication rate
than the control group (21.5% v 40.6%; P 5 .019). Surgeons spent a median of 3 minutes managing an alert.

CONCLUSION PRO-based symptom management after lung cancer surgery showed lower symptom burden and
fewer complications than usual care for up to 4 weeks postdischarge.
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INTRODUCTION

Lung cancer is the second most common cancer
worldwide.1 The number of patients with lung cancer
who are eligible for surgery is increasing owing to the
use of computed tomography in screening.2 The
symptom burden of patients undergoing lung cancer
surgery is high, especially in the early postoperative
phase.3,4 Usual symptom management is reactive and
heavily reliant on routine ward rounds or hospital visits;
thus, clinicians often fail to detect patients’ severe
symptoms timely,5 especially after discharge.6,7

Using patient-reported outcomes (PROs) to capture pa-
tients’ symptoms is crucial to provide value-based, high-
quality, and patient-centered care.8,9 Previous studies
have reported that PRO-based proactive symptom
monitoring can reduce symptom burden,10,11 improve

physical well-being,12 enhance quality of life (QOL),6 re-
duce emergency room visits,6,7 and prolong survival
time.13,14 Nevertheless, only two randomized controlled
trials (RCTs) have been conducted in a surgical
population.11,15 Both trials focused on discharge settings
and only used PROs to evaluate the efficacy of symptom
monitoring. In addition, given that both trials were con-
ducted inWestern countries, it remains unknownwhether
such results can be replicated in Eastern countries.

Thus, we conducted a multicenter RCT in China to
evaluate the efficacy and feasibility of PRO-based
symptom management in the early postoperative pe-
riod (up to 4 weeks postdischarge) after lung cancer
surgery.16 We hypothesized that patients receiving
PRO-based symptom management would have a lower
symptom burden than those receiving usual care.
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METHODS

Study Design

This multicenter RCT was conducted in three tertiary
hospitals in China. The initial study Protocol (online only)
has been published previously.16 This trial was approved by
the institutional review board of the three hospitals and was
registered in the Chinese Clinical Trial Registry (CN-PRO-
Lung 2; identifier: ChiCTR1900020846). Participants
provided written informed consent.

Patients

Before patient enrollment, investigators at each center were
trained using a standard operating procedure handbook.16

Eligible patients were age 18-75 years, had a clinical di-
agnosis of lung cancer with stage I-IIIA (8th edition),17 were
scheduled to undergo surgery, and were willing and able to
fill out the electronic questionnaire (e-questionnaire) on
their smartphones or tablets. Exclusion criteria were pre-
vious neoadjuvant therapy, other malignancies, inability to
understand the research contents, previous chest surgery,
and daily analgesics use. Enhanced recovery after surgery
pathway was not part of perioperative care in the partici-
pating centers.18

Random Assignment and Blinding

At enrollment (typically 1-3 days before surgery), eligible
patients were randomly assigned in a 1:1 ratio to receive
postoperative PRO-based symptom management (the in-
tervention group) or usual care (the control group). We used
a predefined random assignment module on the Research
Electronic Data Capture (REDCap)19 platform for random
assignment, which ensured allocation concealment.
Random assignment was stratified by participating centers.
Surgeons had patients in both groups. Because of the
nature of the study, patients and surgeons delivering the
interventions were not blinded, but research nurses

assisting with PRO data collection and data analysts were
blinded to group allocation.

Trial Interventions

After random assignment, patients and participating sur-
geons were interconnected by an electronic Symptom
Monitoring, Alerting, and Response System (SMARS).16

SMARS was developed by our team, which involves a
data platform (REDCap)19 hosted in Sichuan Cancer
Hospital since 2017, an electronic PRO (ePRO) system,
and a communication service application (WeChat mini
program, telephone or message).20 Each patient filled out
the e-questionnaires of the MD Anderson Symptom
Inventory-Lung Cancer module (MDASI-LC)21 and single-
item QOL scale (SIQOL)22 through password-protected
accounts on a personal electronic device; this was done
once preoperatively (baseline), daily during postoperative
hospitalization, and twice weekly postdischarge until
4 weeks or when adjuvant therapy was commenced.

MDASI-LC is a validated lung cancer–specific scale that
includes 16 symptom items with scores ranging from 0 (no
symptom) to 10 (worst symptom imaginable) and six
functional items with scores ranging from 0 (no interfer-
ence) to 10 (complete interference). SIQOL uses a 0-10
scale, with 0 representing worst QOL and 10 representing
best QOL. Automatic short message reminders were sent to
patients at 7 AM and 2 PM. Additional manual reminders
were delivered up to two times if a patient failed to complete
the e-questionnaires at the scheduled time.

Patients in the intervention group received PRO-based
symptom management postoperatively, wherein real-time
electronic alerts were sent to treating surgeons if their re-
ported scores reached the preset threshold (score$ 4 on a
0-10 scale, indicating moderate-to-severe symptom se-
verity)23,24 in any of the predefined five target symptom
scores (pain, fatigue, disturbed sleep, shortness of breath,
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and coughing). The surgeons responded to the alerts within
24 hours. On the basis of the alert information, interventions
were usually carried out in person during morning and
afternoon ward rounds in the hospitalization period and by
means of messages or phone calls after discharge. Inter-
ventions mainly included consultation, patient education,
medication prescription, and hospital visit suggestions,
which were conducted according to relevant guidelines and
consensus.23-27 Additionally, patients were allowed to seek
medical help through the usual channels.

Patients in the control group received usual care. They filled
out the e-questionnaires, but the reported symptoms did
not generate alerts, and the surgeons could not access the
reported scores. During hospitalization, the surgeons
assessed the patients’ symptoms through patient com-
plaints during morning and afternoon ward rounds, and
managed patients’ symptom on the basis of the same
guidelines and consensus for the intervention group.23-27

After discharge, patients did not receive proactive symptom
management from their treating surgeons unless they
actively sought medical help. For example, when they had
severe symptoms, they could contact their treating team,
seek online consultations, or go to a local hospital.

Outcomes and Measures

The primary outcome was the number of symptom threshold
events at discharge. A symptom threshold event was defined
as a target symptom score of$ 4 on a 0-10 scale. Hence, if
on the day of discharge, a patient reported a score of 5 on
pain, 6 on fatigue, 4 on disturbed sleep, 2 on shortness of
breath, and 3 on coughing, then the number of symptom
threshold events for this patient would be counted as 3.

The secondary outcomes included the following: the
number of symptom threshold events at 4 weeks post-
discharge, composite symptom score (average score of the
five target symptoms), composite physical interference
score (average score of MDASI-LC interference items of
general activity, work, and walking), composite affective
interference score (average score of MDASI-LC interfer-
ence items of mood, relations with others, and enjoyment of
life), QOL score, and revisit rate after discharge. All these
scores range from 0 to 10, with high scores indicating more
severe symptoms, more severe functional interference, or
better QOL. The revisit rate after discharge was defined as
the ratio of the number of patients who were readmitted to
the inpatient department or visited the emergency room or
clinic (because of problems related to previous surgery
during the 4 weeks postdischarge study period) divided by
the total number of patients. Other outcomes included
postoperative complications, surgeon workload, surgeon
acceptability, and patient satisfaction. Postoperative
complications during the study period were recorded and
assessed using the Clavien-Dindo classification system.28

Surgeon acceptability and patient satisfaction with the in-
terventions were measured by surveys we specifically

designed for this trial, with a 0-10 numeric rating scale and
a 5-point Likert scale, respectively. The response time of
each alert was calculated by the start time and the end time
of the interventions as reported by the surgeons.

Statistical Analyses

The null hypothesis was rejected if the between-group
difference in the number of symptom threshold events at
discharge was$ 0.5 standard deviation. A sample size of 64
patients in each group was calculated using the Student’s t-
test for the primary outcome on the basis of a two-tailed a

level of .05 and b error of .2. Considering the 20% attrition
rate, 80 cases were needed for each group. However, the
sample size was finally increased to 83 patients per group to
meet the minimum number of 64 cases per group as the
attrition rate in the PRO-based care group exceeded 20%.

This trial used per-protocol analyses.16 Patients were ex-
cluded from the final analysis on the basis of the withdrawal
criteria if their surgery was canceled, were histologically
diagnosed with nonprimary lung cancer after surgery, were
hospitalized for. 14 days after surgery or readmitted to an
intensive care unit (ePRO data collection might not be
feasible in severe illness condition), had poor compliance to
the interventions more than three times, withdrew their
consent, or were lost to follow-up.

Available PRO data for the 14 time points were included in
the analyses, including presurgery, postoperative in-
hospital day 1-5, and postdischarge week 0.5-4. The pri-
mary outcome was compared between the two groups
using the Wilcoxon-Mann-Whitney test, because of the
non-normal distribution. The secondary outcomes of PRO
scores between groups over time were analyzed using
linear mixed-effects models. Patient group, time (days-
from-surgery or days-from-discharge), and the interaction
between patient group and time were specified as fixed
effects. Subject and time were specified as random effects.
Maximum likelihood estimation was used. Other outcomes
were analyzed using chi-squared test, two-tailed Fisher’s
exact test, or descriptive statistics, as appropriate. Analyses
were adjusted for participating center, categorized as
cancer hospital and general hospital.29 Subgroup analyses
were conducted in different types of participating centers.
Intention-to-treat analyses were performed as sensitivity
analyses. Two-sided P values , .05 were considered
statistically significant. All analyses were conducted using
SAS software, version 9.4 (SAS Institute Inc, Cary, NC).

RESULTS

Patients

Among the 418 patients assessed for eligibility between
November 2019 and August 2020, 249 were ineligible
(Data Supplement, online only) and three declined to
participate. Overall, 166 patients were randomly assigned,
with 83 in each group. After random assignment, 32
(19.3%) patients met the withdrawal criteria, resulting in 65
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patients in the intervention group and 69 patients in the
control group (Fig 1). Table 1 shows the demographic and
clinical characteristics of patients included in the analysis.
There were no significant between-group differences.
Comparison of demographic and clinical characteristics
between patients included in and those excluded from the
analysis did not show any statistically significant differences
(Data Supplement). The median postoperative length of
hospital stay was 5 days in both groups.

Response Rates and Symptom Alerts

At baseline and discharge, the response rates to MDASI-LC
were 100% (Data Supplement). During the postoperative
hospitalization and 4 weeks after discharge, the intervention
group generated 968 symptom threshold events that brought
417 alerts. One alert represented 1-5 symptom threshold
events. Surgeons responded to 100% of the symptom alerts,
and 71.7% (299 of 417) of the alert response times were
recorded to identify the surgeon’s burden.

Primary and Secondary Outcomes

At discharge, the number of symptom threshold events of
the five target symptoms in the intervention group was
significantly lower than in the control group (median
[interquartile range], 0 [0-2] v 2 [0-3]; P 5 .007; Fig 2).
Subgroup analyses showed a similar trend in both the
cancer hospital (n 5 113) and general hospital (n 5 21),
with P values of .004 and .971, respectively (Fig 2).

At 4 weeks postdischarge, the number of symptom
threshold events in the intervention group was also signif-
icantly lower than that in the control group (median
[interquartile range], 0 [0-0] v 0 [0-1]; P 5 .018). The
composite symptom score of the five target symptoms was
significantly lower in the intervention group than that in the
control group (adjusted mean difference, –0.63; 95% CI,
–1.07 to –0.19; P 5 .005) during the 4 weeks after dis-
charge but was similar during the 5-day postoperative
hospitalization (Fig 3). The composite physical interference
score (adjusted mean difference, –1.09; 95% CI, –1.74 to
–0.43; P5 .001) and composite affective interference score
(adjusted mean difference, –0.72; 95% CI, –1.28 to –0.15;
P 5 .014) were significantly lower in the intervention group
than in the control group during the 4 weeks after discharge;
however, all were similar during the 5-day postoperative
hospitalization period (Fig 4). The mean QOL score was not
significantly different between the two groups during the
4 weeks after discharge (adjusted mean difference, –0.10;
95% CI, –0.85 to 0.65; P 5 .790) and the 5-day postop-
erative hospitalization period (adjusted mean difference,
0.004; 95%CI, –0.70 to 0.71;P5 .992). No between-group
differences were found in the revisit rate after discharge
(intervention group v control group; 21.5% v 20.3%; ad-
justed relative risk, 1.07; 95% CI, 0.47 to 2.47; P 5 .868).

Intention-to-treat analyses generated similar results as the
per-protocol analyses for primary and secondary outcomes
(Data Supplement).

Patients screened
(N = 418)

Randomly allocated
(n = 166)

Allocated to intervention group
(n = 83)

Allocated to control group
(n = 83)

Withdrawn from the study
    Confirmed not primary lung cancer
    Hospitalized for > 14 days after surgery
    Had poor compliance to the interventions
    more than three times
    Withdrew consent

(n = 18)
(n = 13)
(n = 2)
(n = 1)

(n = 2)

Withdrawn from the study
    Confirmed not primary lung cancer
    Hospitalized for > 14 days after surgery
    Readmitted to an intensive care unit
    Withdrew consent
    Lost to follow-up

(n = 14)
(n = 9)
(n = 2)
(n = 1)
(n = 1)
(n = 1)

Included in the analysis
(n = 65)

Included in the analysis
(n = 69)

Not allocated
    Did not meet eligibility criteria
    Declined to participate

(n = 252)
(n = 249)

(n = 3)

FIG 1. CONSORT diagram.
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Other Outcomes and Feasibility Report

The intervention group reported a lower postoperative
complication rate (Clavien-Dindo grade I-IIIA) than the
control group (21.5% v 40.6%; adjusted relative risk, 0.40;
95% CI, 0.19 to 0.86; P5 .019). Surgeons spent a median
of 3 (range, 1-27) minutes managing an alert. Overall,
24.7% of alerts took 5 or more minutes to respond. The

acceptability of the PRO-based symptom management
approach and SMARS among the surgeons was high, with
a response rate of 100% and a minimummedian score of 8
on 0-10 scales for questions 1-6 (higher scores represent
higher acceptability; Data Supplement).

In the intervention group, 96.4% of patients thought that
the PRO-based symptom management approach was
helpful. The overall median score of satisfaction with this
approach was 9 (range, 5-10; higher scores indicate
greater satisfaction). Patients reported that this approach
was very necessary (median score: 10; higher scores
represent better outcomes) and that it did not interfere with
their lives at all (median score: 0; lower scores represent
less interference; Data Supplement).

DISCUSSION

This multicenter RCT examined the efficacy and feasibility
of PRO-based symptom management in a surgical setting
in China. Our data indicated that PRO-based symptom
management after lung cancer surgery was associated
with lower symptom burden, better functional status, and
fewer complications in the early postoperative period.
Moreover, this patient care approach—comprising elec-
tronic symptom monitoring and rapid response to the
overthreshold alerts—had an acceptable surgeon burden,
high surgeon acceptability, and high patient satisfaction
from the current study.

Compared with the two previous RCTs of symptom moni-
toring in surgical settings,11,15 we further investigated the
ePRO utility for postoperative care during the in-hospital
period rather than only the postdischarge period, which
gives a more comprehensive picture of PRO-based
symptom management. In addition, we reported postop-
erative complications to validate the clinical benefit of
symptommonitoring and intervention. Our primary findings
were consistent with those of a previous RCT conducted in
the United States.11 However, in our trial, the web-based
ePRO system was used rather than the interactive voice
response system, and the alerts were automatically sent to
the treating surgeon rather than a nurse.

Two potential mechanisms may explain the benefits of the
PRO-based symptom management approach. First, PRO-
based symptom management proactively prompts clini-
cians to intervene early, before symptoms worsen and
complications develop.6 Second, PRO-based symptom
management can be administered remotely and in real time.
Such a management system using telemedicine is espe-
cially helpful during the discharge period. Currently, the use
of thoracoscopic techniques has shortened the length of
hospital stay. However, patients are not fully recovered at
discharge and may need continuing care after discharge.3

The usual postdischarge care hardly provides timely and
remote care on patients’ symptom.9 The use of ePRO
monitoring and intervention may effectively fill this gap.30

TABLE 1. Patient Demographics and Clinical Characteristics

Characteristic
Intervention

Group (n 5 65)
Control Group
(n 5 69)

Age, years, mean (SD) 51.6 (11.0) 51.7 (10.0)

Female sex 39 (60.0) 45 (65.2)

Karnofsky performance score,
median (range)

100 (90-100) 100 (90-100)

Smoking status, No (%)

Current 8 (12.3) 13 (18.8)

Former 5 (7.7) 1 (1.5)

Never 52 (80.0) 55 (79.7)

Comorbidity (Charlson
Comorbidity Index), No (%)

0 27 (41.5) 30 (43.5)

$ 1 38 (58.5) 39 (56.5)

Surgical approach, No (%)

Video-assisted
thoracoscopic surgery

61 (93.8) 65 (94.2)

Open surgery 4 (6.2) 4 (5.8)

Extent of surgery, No (%)

Sublobectomy 15 (23.1) 19 (27.5)

Lobectomy 44 (67.7) 43 (62.3)

Othersa 6 (9.2) 7 (10.1)

Histology, No (%)

Adenocarcinoma 60 (92.3) 67 (97.1)

Nonadenocarcinoma 5 (7.7) 2 (2.9)

Stageb, No (%)

0-I 57 (87.7) 62 (89.9)

II 4 (6.2) 2 (2.9)

IIIA 4 (6.2) 5 (7.2)

Type of participating center, No (%)

Cancer hospital 54 (83.1) 59 (85.5)

General hospital 11 (16.9) 10 (15.5)

Postoperative length of stay,
days, median (range)

5 (3-12) 5 (3-14)

NOTE. Data are presented as No. (%) unless indicated otherwise. There were no
significant differences (P, .05) between the two groups. Percentagesmay not total
100 because of rounding.
Abbreviation: SD, standard deviation.
aOthers included bilobectomy, sleeve lobectomy, and sublobectomy plus

sublobectomy or lobectomy.
bTumor was staged according to the American Joint Committee on Cancer

Cancer Staging Manual, 8th Edition.
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Reducing the workload of clinicians and patients is crucial
for the application of the PRO-based symptom manage-
ment in practice.31,32 In this trial, treating surgeons had high
acceptability for this approach, and the time spent on
managing alerts was acceptable. This high acceptance and
high response rate may be attributed to the use of an ef-
ficient ePRO system and to the integration of ePRO as-
sessments into daily ward rounds during the in-hospital
phase. More importantly, the PRO-based symptom man-
agement reduced complications and improved workflow

efficiency, thus potentially saving clinicians’ time rather
than increasing it.33 Additionally, patients were also satis-
fied with this approach and reported that it did not interfere
with their lives. It is noteworthy that the safety of large
amount of ePRO data was well addressed by the institution-
owned system, which communicated with the personal
password–protected account under specific applications
on an individual’s device and the hospital’s server.16

In previous RCTs of symptom monitoring that reported
positive results,6,11,12 health care providers responded to
59.9%-84% of alerts, whereas in another RCT that reported
negative results,34 health care providers rarely responded to
alerts (only 1.9%). In the current trial, clinicians responded
to all alerts. This suggests that the response to alerts by
health care providers may be the key to the success of
PRO-based symptom management. Moreover, the alert-
direct-to-surgeon model maybe more efficient and bene-
ficial to patients, given that surgeons can cover more
professional concerns, and only doctors have the right to
prescribe medications in China. However, to further reduce
the burden on doctors and improve real-world feasibility,
the ideal model may be one in which symptom alerts are
intelligently triaged and then automatically fed into an
appropriate pathway for intervention by self-management35

or a collaborative team of nurses and doctors.

This study has some limitations. First, a relatively large
number of patients (28.7%) were excluded because of
challenges in completing the ePRO, thus limiting the in-
terpretation of our results to patients who were network
users. Future studies should consider multiple PRO data
collection methods (eg, paper, web, or telephone-based) to
broaden the application of PRO-based intervention for real-
world patient care. In addition, enhancing patient education,
providing adequate support (eg, informative pamphlets),
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and developing a more user-friendly interface may facilitate
the use of the ePRO system.36 Second, the strict criteria for
inclusion and exclusion limited the generalizability of the trial
results. Implementation of PRO-based symptom manage-
ment in a more heterogeneous population is warranted in
the future. Third, the recruitment and random assignment
processes were performed before surgery in this trial con-
sidering that a substantial number of patients might be too
sick to consent immediately after surgery. Potential bias
might have been generated in the analyses because of
excluding patients after random assignment.37 However, we
did not find significant differences in demographic and
clinical characteristics between patients included in and
those excluded from the final analysis. In addition, the re-
sults for primary and second outcomes generated from
intention-to-treat analyses were consistent with those from

per-protocol analyses. Fourth, instruments for measuring
surgeon acceptability and patient satisfaction were devel-
oped using an expert panel. Although we only used these
scales for exploratory purposes, their validity and reliability
need to be tested in future studies. Fifth, the trial focused on
early postoperative recovery. Whether patients would benefit
in the long term (ie, 3 months or 1 year postoperatively)
needs further investigation.

In conclusion, PRO-based symptom management showed
better symptom control than did usual care for patients
undergoing lung cancer surgery in the early postoperative
period. This approach also had fewer complications and high
feasibility. Our findings suggest that PRO-based proactive
symptom monitoring and intervention may be the preferred
patient care approach following lung cancer surgery.
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talization. (B) Composite physical interference score after discharge. (C) Composite affective interference score (MDASI-LC mood, relations with others,
and enjoyment of life) during hospitalization. (D) Composite affective interference score after discharge. High scores indicate more severe functional
interference. I bars represent 95% CIs. MDASI-LC, MD Anderson Symptom Inventory-Lung Cancer module; PRO, patient-reported outcome.
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