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Abstract

Background: Patients with early stage lung cancer seldom present initial respiratory symptoms, causing a
delayed diagnosis and missed opportunity to receive operation. This study aimed to investigate the prevalence
of initial respiratory symptoms and identity what factors would predispose lung cancer patients to present
initial respiratory symptoms in patients undergoing lung cancer surgery.

Methods: A retrospective chart review was conducted on 3,203 patients undergoing surgery for primary lung
cancer. The prevalence of initial respiratory symptoms was investigated and the comparisons of
clinicopathological parameters were performed between patients with and without initial respiratory
symptoms or between patients with single and multiple initial respiratory symptoms. Independent risk factors
for presenting initial respiratory symptoms or multiple initial respiratory symptoms were identified using a
logistic regression.

Results: A total of 1,474 (46.0%) patients with lung cancer were admitted to hospital due to present initial
respiratory symptoms. Symptom clusters of cough or sputum (33.1%) and bloody sputum or hemoptysis
(16.7%) presented as the two major chief complaints for medical consultation while chest pain (6.9%) and chest
distress or dyspnea (5.6%) remained relatively unusual. Multiple analyses found that coexisting chronic
obstructive pulmonary disease (OR=1.70, 95% CI=1.41—2.05), tumor size >3 cm (OR=2.27, 95%
Cl=1.93—2.67), squamous cell carcinoma (OR=2.22, 95% CI=1.86—2.65), tumor located in left lower lung
(OR=1.39, 95% CI=1.10—1.74) and advanced tumor stage (OR=1.27, 95% CI=1.06—1.52) were independent
risk factors for presenting initial respiratory symptoms. Furthermore, current smoking (OR=1.36, 95%
CI=1.07—1.73), tumor size >3 cm (OR=1.53, 95% CI=1.21—1.93) and squamous cell carcinoma (OR=1.68,
95% CI=1.32—2.15) were demonstrated to be independent risk factors for presenting multiple initial
respiratory symptomes.

Conclusions: Presenting initial respiratory symptoms was the common cause for medical consultation in
patients undergoing lung cancer surgery. Patients with lung cancer in larger tumor size or squamous cell
carcinoma more likely presented initial and even multiple initial respiratory symptoms.
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Introduction

Lung cancer is the most frequently diagnosed
cancer and serves as the leading cause of
cancer-related death in the world, including in
Chinal'2. In recent years, despite advances in

treatment and management, the prognosis of lung
cancer patients is still poor with the reported median
survival time of only 22.7 monthsPBl. At present,
diagnosis of lung caner as early as possible and then
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treatment with curative surgery remain the preferred
modality to improve patients’ long-term survivalll.
But regrettably, due to the insidious onset and rapid
progression, most lung cancer patients are diagnosed
at locally advanced or disseminated stage when a
surgical intervention is no longer appropriatel’l. Over
the last decades, to detect lung cancer at earlier stage
and elevate resectability rates, lung cancer screening
through low-dose computed tomography (CT) has
been proved to be an effective solution and be able to
reduce lung cancer mortalityl®”l. However, there also
exist risks and limitations about screening such as
accumulation of radiation, over diagnosis on indolent
tumors that otherwise may not cause clinical
symptoms, and importantly, inequitable screening
resources and thus difficulty to coverage for all
high-risk individuals®°l.

Hence, in the meantime, much attention has also
been paid to symptoms, especially initial respiratory
symptoms, that may indicate the incidence of lung
cancer10-12. It was suggested that many patients with
lung cancer had subtle shifts in symptoms when they
were diagnosed and the majority of them were
actually caused by the cancer’314. Several studies
have consistently demonstrated that presence of
hemoptysis is well associated with lung cancer
diagnosis and acts as the strongest symptom predictor
of lung cancer in those high-risk populationl’51¢l. In
fact, although the other respiratory symptoms such as
cough, sputum, chest distress or chest pain are
relatively less specific in indicating lung cancer,
nowadays, as the increasing morbidity of lung cancer,
recognizing initial respiratory symptoms as warnings

of lung cancer in individuals who are at an increased
risk for lung carcinogenesis has been highly
concerned by today clinicians. Therefore, it is of great
importance to figure out what kinds of patients with
lung cancer are more susceptible to initial respiratory
symptoms for medical consultation and what kinds of
patients with lung cancer are not. To our knowledge,
this is the first study designed to identity independent
risk factors for presenting initial respiratory
symptoms among patients undergoing lung cancer
surgery.

Methods

Patients

During the period January 2008 to April 2014,
consecutive patients undergoing thoracic surgery for
primary lung cancer in the department of thoracic
surgery of Zhongshan Hospital of Fudan University
were retrospectively reviewed. Demographic and
medical information were retrieved from the hospital
electronic records. As shown in figure 1. In 3,484
patients with complete information, 209 patients with
lung cancer which was not primary but metastasis
originating from liver cancer, colorectal cancer or
other cancers were excluded, so were 72 patients
visiting for a second operation because of
postoperative lung cancer recurrence after the
previous surgery. Ultimately, a total of 3,203 patients
were retrospectively analyzed.

Clinicopathological parameters

In the present study, the initial respiratory
symptoms due to the incidence of lung cancer were

(n=3484)
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Figure 1. Flow chart showing patients inclusion for this analysis.
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mainly grouped into four clusters: cough or sputum,
bloody sputum or hemoptysis, chest distress or
dyspnea and chest pain. Presenting any one of these
symptoms was considered symptomatic and several
different initial respiratory symptoms may be
concurrently presented on the same patient.
Asymptomatic lung cancer referred to lung cancer
without any initial respiratory symptoms which was
detected by screening or incidentally through a
routine health examination or other occasional
pathways based on CT or chest radiography. Patients
concurrently presenting two or more than two
different clusters of initial respiratory symptoms were
considered multi-symptomatic  while  patients
presenting with only one cluster of initial respiratory
symptoms were considered mono-symptomatic.

Patients” spirometric lung functions such as
forced expiratory volume in one second (FEV3), ratio
of FEV to predicted values (FEV1%pred), forced vital
capacity (FVC), ratio of FVC to predicted values
(FVC%pred), diffusion capacity for carbon monoxide
(DLco) and ratio of residual volume to total lung
capacity (RV/TLC) were collected and a
post-bronchodilator FEV1/FVC<70% was defined as
chronic obstructive pulmonary disease (COPD)I7.
Demographic and clinicopathological parameters
including age, gender, smoking status, comorbidity of
COPD, tumor size (the largest diameter of lung
cancer), tumor location, histological subtype,
histological differentiation and pathological TNM
stage were collected for comparative analyses
between patients with and without initial respiratory
symptoms or between patients with single and
multiple initial respiratory symptoms.

Statistical analysis

Continuous data were shown as mean =+
standard deviation or median with interquartile range
and compared using Student's t-test or the
nonparametric Mann-Whitney U test as appropriate.
Categorical data were shown as frequencies with
percentages and compared using chi-square test.
Ranked data such as tumor stage were compared
using the Mann-Whitney U test. The parameters with
P<0.10 in univariate analysis were entered into a
stepwise multivariate binary logistic regression
analysis to identify independent risk factors for
presenting initial respiratory symptoms or presenting
multiple initial respiratory symptoms. Odds ratio
(OR) with 95% confidence interval (Cl) was used as a
measure of the magnitude of association. All
statistical analyses were conducted using SPSS for
Windows (Version 17.0, Chicago, IL, USA). A
two-sided P value <0.05 was considered statistically
significant for all analyses.

Results

Prevalence of initial respiratory symptoms

Among the 3,203 patients with surgically treated
lung cancer, 1,474 (46.0%) patients were admitted to
department of thoracic surgery due to present initial
respiratory symptoms while the other 1,729 (54.0%)
patients were asymptomatic and admitted due to
detection of lung cancer by screening or accident.
Expressed as median with interquartile range, the
symptom lead time, time from initiation of respiratory
symptoms to admission, was 1.0 (0.5—3.0) month,
which was significantly longer than the time from
detection of lung cancer to admission with 0.7
(0.3—2.0) months (P<0.05).

As shown in figure 2. Among the 1,474 (46.0%)
patients  with initial respiratory = symptoms,
approximately two thirds of patients (30.6%) were
mono-symptomatic (n=979) while merely one third of
patients (15.5%) were multi-symptomatic (n=495). The
495 patients with multiple symptoms were consisted
of 471 patients with double symptoms, 22 patients
with triple symptoms and 2 patients with quadruple
symptoms. Cough or sputum ranked as the most
common chief complaint with a prevalence of 33.1%,
followed by bloody sputum or hemoptysis with
16.7%, chest pain and chest distress or dyspnea
accounted for the similarly lower prevalence with
6.9% and 5.6%, respectively. Among the
multi-symptomatic patients, cough or sputum
combined with bloody sputum or hemoptysis was the
most common form of presenting multiple initial
respiratory symptoms with the presence in 332
patients.

As shown in table 1. Except for FVC, spirometric
parameters including FEV1, FEV1%pred, FVC%pred,
Dico and RV/TLC of patients with symptomatic lung
cancer were all inferior to their counterparts of
patients with asymptomatic lung cancer (P<0.05),
indicating that lung cancer patients presenting initial
respiratory symptoms tended to have worse
pulmonary ventilation and gas exchange function as
well as higher gas retention. However, within the
comparisons of lung functions between patients with
single and multiple initial respiratory symptoms, only
FEV1%pred was found significantly decreased in the
patients presenting multiple initial respiratory
symptoms (P<0.05).

Risk factors for presenting initial respiratory
symptoms

As shown in table 2, clinicopathological
parameters possibly responsible for presenting initial
respiratory symptoms were compared between
patients with asymptomatic and symptomatic lung
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cancer. Compared to patients with asymptomatic
lung cancer, patients with symptomatic lung cancer
were inclined to be males (67.4% vs 55.3%), current
smokers (32.4% vs 22.8%) and with coexisting COPD
(28.4% ws 15.2%). Tumors in size larger than 3 cm
(56.2% vs 29.3%), located in left lower lung (17.8% vs
14.1%), of squamous cell carcinoma type (41.4% vs
18.6%) or in poor differentiation (50.0% vs 43.4%)
were more frequently found in patients with
symptomatic lung cancer than in patients with
asymptomatic lung cancer. Moreover, lung cancer
patients presenting initial respiratory symptoms had
more possibility at stage II (16.8% vs 11.5%) or stage
IMI/IV (29.1% vs 21.9%) than lung cancer patients
without initial respiratory symptoms.

As shown in table 3, multiple analyses
demonstrated that comorbidity of COPD (OR=1.70,
95% CI=1.41-2.05), tumor size >3 cm (OR=2.27, 95%
CI=1.93—-2.67), tumor location in left lower lung
(OR=1.39, 95% CI=1.10—1.74), squamous cell
carcinoma (OR=2.22, 95% CI=1.86—2.65) and
advanced tumor stage (OR=1.27, 95% CI=1.06—1.52)
were independent risk factors for presenting initial
respiratory symptomes.

A
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Risk factors for presenting multiple initial
respiratory symptoms

As shown in table 2, significant differences of
clinicopathological parameters can be continually
found between patients with mono-symptomatic lung
cancer and multi-symptomatic lung cancer. Males
(74.9% vs 63.6%), current smokers (40.0% vs 28.6%)
and comorbidity of COPD (31.7% vs 26.8%) were
further increased in patients with multi-symptomatic
lung cancer versus patients with mono-symptomatic
lung cancer. Tumors in size larger than 3 cm were
more frequently found in multi-symptomatic lung
cancer patients than in mono-symptomatic lung
cancer patients (65.9% vs 51.4%). The proportion of
squamous cell carcinoma was significantly higher in
multi-symptomatic lung cancer patients versus
mono-symptomatic lung cancer patients (52.5% vs
35.8%). Despite adenocarcinoma is generally regarded
as the most common histological subtype of lung
cancer(®, our study demonstrated that, the
proportion of squamous cell carcinoma exceeded
adenocarcinoma (52.5% vs 41.0%) to be the majority in
multi-symptomatic lung cancer patients.
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Figure 2. Chart of frequency distribution (A) and Venn diagram (B) showing numbers of each cluster of initial respiratory symptoms. Patients with asymptomatic lung cancer
(n=1,729) were slightly more than patients with symptomatic lung cancer (n=1,474). And among the 1,474 (46.0%) patients with symptomatic lung cancer, up to 979 (30.6%)
patients presented only one cluster of initial respiratory symptoms while merely 495 (15.5%) patients concurrently presented two or more than two different clusters of initial
respiratory symptoms. Cough or sputum (n=1061) and bloody sputum or hemoptysis (n=535) served as the major two chief complaints while chest pain (n=221) and chest
distress or dyspnea (n=178) remained relatively unusual in the causes of admission to hospital for lung cancer surgery.

Table 1. Comparisons of lung functions between patients with and without initial respiratory symptoms or between patients with single

and multiple initial respiratory symptoms.

Lung function Asymptomatic (n=1729) Symptomatic (n=1474) P-value  Mono-symptomatic (n=979) Multi-symptomatic (n=495) P-value
FEV1(L) 2.39+0.63 2.27%0.61 <0.001*  2.27+0.61 2.28+0.60 0.835
FEV1%pred(%) 90.46+18.22 83.87+18.52 <0.001*  84.79+18.40 82.07+18.65 0.008*
FVC(L) 3.0940.75 3.060.73 0.267 3.03+0.74 3.11x0.71 0.05
FVC%pred(%) 91.80£15.12 88.94+15.33 <0.001*  89.26%15.20 88.32+15.57 0.268
DLco 18.79£5.39 18.025.52 <0.001*  17.93£5.26 18.21%6.01 0.356
RV/TLC(%) 37.27+7.83 37.98+8.02 0.011* 37.9418.09 38.07+7.88 0.768

FEV1: Forced expiratory volume in 1 second; FEV1%pred: Ratio of FEV1 to predicted values; FVC: Forced vital capacity; FVC%pred: Ratio of FVC to predicted values;
RV/TLC: Ratio of residual volume to total lung capacity; DLCO: Diffusion capacity for carbon monoxide. *P<0.05
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Table 2. Univariate analyses of risk factors associated with presenting initial respiratory symptoms or presenting multiple initial
respiratory symptoms.

Parameter Asymptomatic (n=1729) Symptomatic (n=1474) P-value Mono-symptomatic (n=979) Multi-symptomatic (n=495) P-value
Age(years) 60.319.8 60.7£9.8 0.264 60.5£9.9 61.1£9.6 0.300
Gender <0.001* <0.001*
Female 773(44.7%) 480(32.6%) 356(36.4%) 124(25.1%)

Male 956(55.3%) 994(67.4%) 623(63.6%) 371(74.9%)

Smoking status <0.001* <0.001*
Former or Never 1335(77.2%) 996(67.6%) 699(71.4%) 297(60.0%)

Current 394(22.8%) 478(32.4%) 280(28.6%) 198(40.0%)

Comorbidity of COPD <0.001* 0.046*
No 1466(84.8%) 1055 (71.6%) 717(73.2%) 338(68.3%)

Yes 263(15.2%) 419(28.4%) 262(26.8%) 157(31.7%)

Tumor size(cm) <0.001* <0.001*
<3 1223(70.7%) 645(43.8%) 476(48.6%) 169(34.1%)

>3 506(29.3%) 829(56.2%) 503(51.4%) 326(65.9%)

Tumor location 0.003* 0.366
Right upper lung 579(33.5%) 418(28.4%) 274(28.0%) 144(29.1%)

Right middle lung 140(8.1%) 133(9.0%) 91(9.3%) 42(85%)

Right lower lung 309(17.9%) 285(19.3%) 201(20.5%) 84(17.0%)

Left upper lung 457(26.4%) 375(25.4%) 237(24.2%) 138(27.9%)

Left lower lung 244(14.1%) 263(17.8%) 176(18.0%) 87(17.6%)

Histological subtype <0.001* <0.001*
Adenocarcinoma 1311(75.8%) 766(52.0%) 563(57.5%) 203(41.0%)

Squamous cell 322(18.6%) 610(41.4%) 350(35.8%) 260(52.5%)

Small cell 25(1.4%) 32(2.2%) 20(2.0%) 12(2.4%)

Others 71(4.1%) 66(4.5%) 46(4.7%) 20(4.0%)

Histological differentiation <0.001* 0.544
Well or Moderate 978(56.6%) 737(50.0%) 495(50.6%) 242(48.9%)

Poor 751(43.4%) 737(50.0%) 484(49.4%) 253(51.1%)

Pathological TNM stage <0.001* 0.324
Oorl 1152(66.6%) 797(54.1%) 538(55.0%) 259(52.3%)

i 199(11.5%) 248(16.8%) 163(16.6%) 85(17.2%)

I or IV 378 (21.9%) 429 (29.1%) 278(28.4%) 151(30.5%)

COPD: Chronic obstructive pulmonary disease. *P<0.05

Table 3. Multivariate analyses of independent risk factors for
presenting initial respiratory symptoms

Parameter Odds ratio  95% Confidence interval P-value
Comorbidity of COPD

No 1.00

Yes 1.70 1.41—2.05 <0.001*
Tumor size(cm)

<3 1.00

>3 227 1.93—2.67 <0.001*
Tumor location 0.008*
Right upper lung 1.00

Right middle lung 1.45 1.09—1.93 0.011*
Right lower lung 1.29 1.04—1.60 0.022*
Left upper lung 1.07 0.88—1.31 0.483
Left lower lung 1.39 1.10—1.74 0.005*
Histological subtype <0.001*
Adenocarcinoma 1.00

Squamous cell 222 1.86—2.65 <0.001*
Small cell 1.66 0.95—2.87 0.073
Others 1.52 1.06—2.18 0.023*
Pathological TNM stage 0.018*
Oorl 1.00

I 1.24 0.99—1.55 0.064
I or IV 1.27 1.06—1.52 0.011*

presenting initial respiratory symptoms, it was an
independent risk factor for presenting multiple initial
respiratory symptoms in patients with initial
respiratory symptoms (OR=1.36, 95% CI=1.07 —1.73).

Table 4. Multivariate analyses of independent risk factors for
presenting multiple initial respiratory symptoms

COPD: Chronic obstructive pulmonary disease. *P<0.05

As shown in table 4, multiple analyses found
that only tumors in size >3 cm (OR=1.53, 95%
CI=1.21-1.93) and squamous cell carcinoma
(OR=1.68, 95% CI=1.32—2.15) continued to be
significant risk factors for presenting multiple initial
respiratory symptoms. Interestingly, although current
smoking was not an independent risk factor for

Parameter Oddsratio  95% Confidence interval P-value
Smoking status

Former or Never 1.00

Current 1.36 1.07—1.73 0.011*
Tumor size(cm)

<3 1.00

>3 1.53 1.21—1.93 <0.001*
Histological subtype 0.001*
Adenocarcinoma 1.00

Squamous cell 1.68 1.32—2.15 <0.001*
Small cell 1.46 0.69—3.05 0.321
Others 1.17 0. 67—2.04 0.575
*P<0.05

Discussion

To date, although the disparities between
patients with symptomatic lung cancer and
asymptomatic lung cancer have been observed in
several studies, most studies placed asymptomatic
lung cancer patients detected by screening or
incidentally as the research subjects while treated
symptomatic lung cancer patients with initial
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respiratory symptoms as the controlsi®?l. Few
studies focused on describing the clinicopathological
characteristics of lung cancer patients visiting due to
present initial respiratory symptoms. Our study
demonstrated that patients presenting initial
respiratory symptoms tended to be males, current
smokers and with coexisting COPD. Comorbidity of
COPD was further proved to be an independent risk
factor for presenting initial respiratory symptoms. To
some extent, this can be explained by the hypothesis
that tumors may be more easily to obstruct the
otherwise narrowed airways with hyper-mucus
secretion in patients with COPDI?2l and thus cause
initial respiratory symptoms early.

In our study, an obvious delay of visiting doctors
was found in lung cancer patients presenting initial
respiratory symptoms, indicating that patients
themselves hardly took respiratory symptoms
seriously as much as the positive radiography
findings. Their negligence of initial respiratory
symptoms may potentially cause the disease
progression. Thus, in the future, efforts should be
made to educate high-risk individuals to be alert to
their initial respiratory symptoms. Furthermore, our
study found that lung cancer patients presenting
initial respiratory symptoms had worse lung
functions. Since enough FEV; and Drco are necessary
for lung resection?], it can be speculated that patients
presenting initial respiratory symptoms with worse
lung functions may have a lower probability to
adequately tolerate lung cancer surgery.

Our study showed that patients with lung cancer
presenting initial respiratory symptoms had more
chance with tumors in larger size, located in left lower
lung, in squamous cell type, with poor differentiation
and at advanced-stage. Our results partially kept
highly in line with the study of Orrason and
colleaguesl?, in which the CT-detected tumors were
deemed as the focused subjects, that the CT-detected
tumors were smaller, at earlier TNM stages than
symptomatic tumors and more often of
adenocarcinoma. Unexpectedly, in addition to tumor
size and histology which were easily understood to be
associated with initial respiratory symptoms of lung
cancer, we uncovered tumor location in left lower
lung may also play a role in facilitating initial
respiratory symptoms. Although this novel finding
remained very obscure in pathophysiologic
perspective, Study from Kudo and colleagues!®!
supported that tumor location in left lower lung did
confer certain distinct clinicopathological features of
lung cancer.

Strikingly, in this study, we identified that the
most two dominant contributors to initial respiratory
symptoms went to larger tumor size and histology of

squamous cell carcinoma, which can go on playing
their facilitating roles in presenting multiple initial
respiratory symptoms. Although a previous study
found that the proportion of symptoms indicative of
lung cancer exerted a well linear relationship with the
tumor sizel?8), the conclusion that tumor size was an
independent risk factor for presenting initial
respiratory symptoms was not demonstrated until
this present study. And noteworthily, evidence
suggested that for patients with incidence of lung
cancer, the proportion of adenocarcinoma is going up
over timel’®7l. Our study demonstrated that lung
adenocarcinomas were not prone to cause patients to
present initial respiratory symptoms. Thus, an
unoptimistic speculation might be, in the future,
decreasing proportion of patients with lung cancer
would be timely admitted for surgery thanks to the
presence of initial respiratory symptoms.

In addition, a very interesting finding of this
study was that current smoking was not an
independent risk factor for presenting initial
respiratory symptoms but an independent risk factor
for presenting multiple initial respiratory symptoms.
And this phenomenon might be attributed to the
following interpretation: as demonstrated in our
study, lung cancer patients with or without initial
respiratory symptoms were mainly determined by
tumor size and histology. Compared to the potent and
intrinsic effects shaped by tumor size and histology,
the contribution of current smoking might become
trivial and negligible. However, when patients
already presented initial respiratory symptoms,
current smoking would overlay its additive
deteriorating effects on initial respiratory symptoms
to be multiple initial respiratory symptoms.

Finally, there existed several limitations in this
study. First, although the population in this study was
very large, all patients were from one institution,
indicating the potential for selection bias. Secondly,
due to lack of full information, we cannot compare
more differences between lung cancer patients with
and without initial respiratory symptoms, such as
postoperative complications and postoperative
survival rates. Thirdly, this was a retrospectively
designed study, future prospective studies are
supposed to confirm the conclusions of our study.

Conclusions

In summary, this study performed a
single-institution retrospective analysis based on a
large Chinese population in patients undergoing lung
cancer surgery. Symptom clusters of cough or sputum
and bloody sputum or hemoptysis were the two most
common initial respiratory symptoms causing to
medical consultation. Patients with lung cancer in
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larger tumor size or histology of squamous cell
carcinoma were more susceptible to initial respiratory
symptoms and even multiple initial respiratory
symptoms.
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RV/TLC: Ratio of residual volume to total lung
capacity; Dico: Diffusion capacity for carbon
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