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Abstract

Background
To analyze the prognostic factors and survival rate of lung cancer patients with OSA by nomogram.

Methods
We developed and validated a nomogram to help improve prediction of overall survival in Lung cancer
patients with OSA. The nomogram was established by a development cohort (n = 90), and the validation
cohort included 38 patients. Factors in the nomogram were identified by Cox hazard analysis. We tested
the accuracy of the nomograms by discrimination and calibration, and plotted decision curves to assess
the benefits of nomogram-assisted decisions. At last we evaluated the risk in the two cohort.

Results
There were significant difference in sex, AHI, TNM stage, coronary heart disease, LSpO2, T90%, TS90%
and ODI4 between lung cancer subgroup and lung cancer with OSA subgroup (P < 0.05). Lung cancer
patients with OSA age(P = 0.021), AHI(P = 0.006), TNM stage(P = 0.005), cancer types(P = 0.038), BMI(P =
0.007) and were independent prognostic factor. Based on these six factors, a nomogram model was
established. The c-index of internal verification was 0.802 (95% CI 0.767–0.885)。The ROC curve analysis
for the nomogram show 1-year survival (AUC = 0.827), 3-year survival (AUC = 0.867), 5-year survival (AUC
= 0.801) in the development cohort and 3-year survival(AUC = 0.863) in the validation cohort is with good
accuracy. The calibration curve shows that the survival probability of this prediction model is in good
agreement with the actual situation at 1, 3 and 5 years with good consistency. decision curve
analysis(DCA)suggests that the net benefit of decision-making with this nomogram is higher, especially
in the probability interval of < 20% threshold.

Conclusions
Age, AHI,TNM stage, cancer types, BMI and ODI4 are independent risk factors for prognosis of lung
cancer patients with OSAS༌the nomogram can predict the prognosis of patients and guide individualized
treatment.

Introduction
Lung cancer is the leading cause of cancer death in the world, at present, the pathogenesis of lung cancer
is not clear. sleep apnea syndrome (SAS) is a disease with high incidence rate and serious harm to
human health, obstructive sleep apnea syndrome (OSAS) accounts for more than 90% of SAS [1]. OSA is
an independent risk factor of multiple system chronic diseases such as hypertension, coronary heart
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disease, arrhythmia and stroke[2]，OSA also has a unique role in promoting tumor growth and plays an
important role in the occurrence and development of tumors [3],lung cancer is the most closely related
malignant tumor with OSA [4].
Now through the comprehensive treatment of lung cancer, the survival rate has been significantly
improved. Improving the quality of life, especially sleep quality is very important for lung cancer patients.
It not only helps to accelerate the physical and mental recovery, but also increases the body's immunity
and resistance. Lung cancer is very common in OSA patients, OSA is usually moderate or severe at the
time of diagnosis, lung cancer and intermittent hypoxia, apnea, daytime sleepiness forming a vicious
cycle，results the quality of life decreased significantly, and the survival time decreased[5].
Currently, nomograms have been developed in the majority of cancer types[6-8] , in this study, we aimed to
develop and validate a prognostic nomogram that uses widely available general data and laboratory
indicator to improve our ability to predict survival time of Lung cancer patients with OSA.

Methods
Patient selection
The retrospectively study included 410 lung cancer patients from 2013 to 2016 in Renmin Hospital of
Wuhan University and Tongji Hospital，all subjects received philips YZB/USA 1575-2013 portable sleep
recorder to monitor patients’ sleep for at least 7 h per night, there are 128 cases diagnosis of OSA, The
inclusion criteria were as follows: (1)the pathological diagnosis was confirmed as lung malignant tumor；
(2)normal range of blood pressure in patients with hypertension after use of antihypertensive treatment,
and no hypertension-related complications; after symptomatic treatment, the patients with CHD were
stable without complications; the blood glucose level in patients with type 2 diabetes without
complications was normal after treatment; (3) no drugs possibly influencing the sleep patterns were
currently being taken.
The patients suffering from the following diseases or lesions were excluded: infectious diseases,
intracranial lesions, pulmonary embolism, rheumatic diseases and other diseases that may cause
abnormal blood oxygen saturation. This study was conducted in accordance with the Declaration of
Helsinki.

Laboratory measurements
All subjects received philips YZB/USA 1575-2013 portable sleep recorder to monitor patients’ sleep for at
least 7 h per night, all data previously listed were played back, analyzed by a computer, and corrected
artificially. The data about apnea hypopnea index (AHI), oxygen desaturation index (ODI4), lowest arterial
oxygen saturation [LSpO2 (%)], oxygen below 90% of the time [T90% (min)], and the percentage of the
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total recorded time spend below 90% oxygen saturation (TS90%) were obtained. All the patients datas
were record when the first time of hospitalizations, clinical information was extracted from Electronic
Medical Record system. All the patients received routine tests at the first visit in our hospital.

Follow-Up
patients were advised to receive regular follow-ups after completion of the primary therapy according to
clinical guidelines. Patients were generally followed up every 3 months in the first 2 years and annually
thereafter for patients without evidence of recurrence in the following 3 to 5 years. OS was defined as the
time from the diagnosis of lung cancer to the date of the last follow-up or death ,the outcome of our
study was overall survival (OS)，The follow-up deadline was November 1, 2020.

Statistical analysis
Statistical analyses were performed using SPSS 25.0 (IBM, Chicago, IL, USA) and R for Windows
(version3.4.2, http://www.r-proje ct.org/). The optimal cut-off points in our study were evaluated by
minimum P value from log-rank ×2 statistics using the X-tile program[9] and continuous variables were
transformed to categorical variables, regression analysis was used to analyze the risk factors in the
development cohort, A nomogram was formulated based on the results of univariate and multivariate
analysis by the package of rms. We tested the accuracy of the nomograms by discrimination and
calibration both in primary and externa validation cohort. The discrimination of the nomogram was
measured by Harrell’s C-index (C-index). the calibration curve of the nomogram model for the overall
survival were formulated. The total points of each patient were calculated according to the established
Cox regression model. Survival curves were depicted by the Kaplan–Meier method. A two-sided P < 0.05
was considered statistically significant.

Results

Clinical Characteristics of All patients
The clinical characteristics of All patients were evaluated. The characteristics of the 282 lung cancer
patients and 128 lung cancer patients with OSA are showed in Table 1. The median age was 59.98 years,
and only 172 patients (42.0%) were female. Among the 410 patients, there were 73 patients with the
small cell carcinoma (17.8) and 337 patients with the non-small cell carcinoma (82.2%). There was
significant difference in sex, AHI, TNM stage, coronary heart disease, LSpO2, T90%, TS90% and ODI4
between lung cancer subgroup and lung cancer with OSA subgroup (P < 0.05).

Page 4/19

Table 1
baseline clinical features of all patients(Mean ± SD/No (%))
Characteristics

Age,year

Total

Lung cancer

(n = 410)

(n = 282)

59.98 ± 3.22

59.53 ± 3.53

Lung cancer with
OSA

Statistics

P

1.432∗

0.853

6.382†

0.011

0.637∗

0.001

11.860†

0.008

1.115†

0.291

(n = 128)
60.98 ± 2.45

Sex
Male

238(58.0)

152(53.9)

86(67.2)

Female

172(42.0)

130(46.1)

42(32.8)

AHI

4.35 ± 2.01

2.54 ± 2.03

9.87 ± 1.98

TNM stage
I

129(31.5)

95(33.7)

34(26.6)

II

147(35.9)

102(36.2)

45(35.2)

III

83(20.2)

45(16.0)

38(29.7)

IV

51(12.4)

40(14.2)

11(8.5)

Cancer types
Small cell carcinoma

73(17.8)

54(19.1)

19(14.8)

non-Small cell
carcinoma

337(82.2)

228(80.9)

109(85.2)

BMI

20.88 ± 1.78

20.43 ± 1.54

21.90 ± 2.98

1.445∗

0.384

Hypertension

128(31.2)

84(29.8)

44(34.4)

0.863†

0.353

Diabetes

144(35.1)

102(36.2)

42(32.8)

0.435†

0.509

Coronary heart disease

64(15.6)

37(13.1)

27(21.2)

4.249†

0.039

Heart rate,beats/min

91.76 ±
20.34

91.43 ±
21.54

92.34 ± 17.92

1.432∗

0.758

KPS

80.23 ±
12.44

82.34 ±
13.54

76.34 ± 8.342

0.552∗

0.817

Smoking history

167(40.7)

110(39.0)

57(44.5)

1.113†

0.292

Data were shown as mean ± standard deviation, n (%). ∗t test, †x2 value. AHI: apnea hypopnea index;
BMI: body mass index; LSpO2 (%):lowest arterial oxygen saturation; T90%: oxygen below 90% of the
time; TS90%: the percentage of the total recorded time spend below 90% oxygen saturation; ODI4:
oxygen desaturation index
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Characteristics

Total

Lung cancer

(n = 410)

(n = 282)

LSpO2 (%)

78.32 ±
10.23

87.32 ±
15.64

T90%,min

56.34 ± 3.41

TS90%, %
ODI4

Lung cancer with
OSA

Statistics

P

69.43 ± 6.31

1.954∗

0.009

23.43 ± 1.65

91.23 ± 4.43

1.943∗

0.001

9.32 ± 2.01

1.32 ± 1.03

22.41 ± 2.89

3.215∗

0.001

0.45 ± 0.19

0.23 ± 0.08

1.98 ± 0.28

1.344∗

0.001

(n = 128)

Data were shown as mean ± standard deviation, n (%). ∗t test, †x2 value. AHI: apnea hypopnea index;
BMI: body mass index; LSpO2 (%):lowest arterial oxygen saturation; T90%: oxygen below 90% of the
time; TS90%: the percentage of the total recorded time spend below 90% oxygen saturation; ODI4:
oxygen desaturation index

Clinical Characteristics of Lung cancer patients with OSA
The clinical characteristics of the training and validation sets were evaluated. The characteristics of the
90 patients in the development cohort and 38 patients in the validation cohort are showed in Table 2. The
majority of patients are men and patients of TNM stages were represented, there were no statistically
significant difference in development cohort and validation cohort.
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Table 2
baseline clinical features of Lung cancer patients with OSA(Mean ± SD/No (%))
Characteristics

Total
(n = 128)

Age,year

60.98 ± 2.45

Development
cohort

Validation
cohort

(n = 90)

(n = 38)

60.53 ± 2.34

61 ± 1.98

Sex
Male

86(67.2)

61(67.8)

25(65.8)

Female

42(32.8)

29(32.2)

13(34.2)

AHI

9.87 ± 1.98

9.42 ± 1.53

10.32 ± 0.97

TNM stage
I

34(26.6)

23(25.6)

11(28.9)

II

45(35.2)

31(34.4)

14(36.8)

III

38(29.7)

26(28.9)

12(31.6)

IV

11(8.5)

10(11.1)

1(2.7)

Cancer types

Statistics

P

1.453∗

0.224

0.048†

0.827

0.634∗

0.543

2.460†

0.483

0.547†

0.460

Small cell carcinoma

19(14.8)

78(86.7)

31(82.6)

non-Small cell
carcinoma

109(85.2)

12(13.3)

7(18.4)

BMI

21.90 ± 2.98

22.74 ± 3.42

21.45 ± 2.54

1.425∗

0.628

Hypertension

44(34.4)

31(34.5)

13(34.2)

0.001†

0.979

Diabetes

42(32.8)

30(33.3)

12(31.6)

0.037†

0.847

Coronary heart disease

27(21.2)

20(22.2)

7(18.4)

0.232†

0.630

Heart rate,beats/min

92.34 ±
17.92

93.44 ± 16.43

91.43 ± 13.54

0.425∗

0.087

KPS

76.34 ±
8.342

74.55 ± 9.43

79.54 ± 6.74

1.445∗

0.154

Smoking history

57(44.5)

42(46.7)

15(39.5)

0.559†

0.454

LSpO2 (%)

69.43 ± 6.31

70.87 ± 7.43

68.43 ± 5.73

1.434∗

0.563

Data were shown as mean ± standard deviation, n (%). ∗t test, †x2 value.
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Characteristics

Total
(n = 128)

Development
cohort

Validation
cohort

(n = 90)

(n = 38)

Statistics

P

T90%,min

91.23 ± 4.43

87.54 ± 3.43

93.23 ± 5.43

2.543∗

0.623

TS90%,%

22.41 ± 2.89

21.75 ± 2.54

23.21 ± 3.54

1.240∗

0.154

ODI4

1.98 ± 0.28

1.72 ± 0.23

2.01 ± 0.35

0.643∗

0.634

Data were shown as mean ± standard deviation, n (%). ∗t test, †x2 value.

Biomarker selection
All the available informations, including general data, clinical characteristics and biomarkers, were
included for univariate and multivariate analysis (Table 3). In univariate analyse Age, AHI, TNM stage,
types, BMI, LSpO2 (%) and ODI4 were related to OS. All of the potentially important biomarkers identified
in univariate analysis were further included in the multivariate analysis. Based on 90 OSA with lung
cancer patients with complete information, Age, AHI, TNM stage, types ,BMI and ODI4 were significant
predictors of OS.
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Table 3
Univariate and multivariate Cox hazards analysis between clinical features and OS(n = 90)
Univariate
analysis

Multivariate
analysis

Variables

OR

95% CI

P

OR

95% CI

P

Age(≥ 60 vs. <60 岁)

4.523

1.432–
7.546

0.008

2.543

1.053–
5.324

0.021

Sex(male vs. female)

2.435

0.234–
3.253

0.454

AHI(≥ 15 vs. <15)

5.434

2.432–
7.545

0.032

3.245

1.323–
5.435

0.006

TNM stage (≥ 3 vs. <3)

8.655

4.345–
9.553

0.027

2.431

1.634–
4.523

0.005

Cancer types(Small cell
carcinoma VS. non- Small cell
carcinoma)

1.321

1.023–
4.328

0.008

1.043

1.002–
2.431

0.038

BMI(≥ 24 VS. <24 )

2.341

1.453–
4.523

0.012

1.532

1.332–
3.454

0.007

Hypertension (yes vs. no)

2.412

0.453–
4.545

0.673

Diabetes (yes vs. no)

1.167

0.446–
1.438

0.098

Coronary heart disease (yes vs.
no)

1.432

0.314–
1.634

0.342

Heart rate (< 90 VS.≥90
beats/min)

1.342

0.754–
2.525

0.234

KPS(< 90 vs ≥ 90.)

1.554

0.186–
2.345

0.423

Smoking history(yes vs. no)

1.543

0.423–
2.253

0.564

LSpO2% (60 VS. <60% )

1.234

1.134–
4.323

0.006

1.543

0.156–
3.234

0.078

T90%(≥ 60 VS. <60min )

2.421

0.543–
2.232

0.743

TS90%(≥ 80 VS. <80%)

1.432

0.453–
1.354

0.355

ODI4(≥ 15 vs. <15)

1.543

1.023–
4.323

0.046

1.554

1.043–
2.456

0.031

Development of the prediction model
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A nomogram is a graphic representation of the solution of an equation that provides a reasonable
approximation of the probability of a particular outcome, nomogram was developed to predict for
survival using the six independent covariates identified in the multivariate model ༌the mode explanatory
covariables consisted of ,Age, AHI,TNM stage, types ,BMI and ODI4. A nomogram was constructed to
predict 1- year, 3- year and 5-year OS (Fig. 1).

Validation of the predictive accuracy of nomograms for OS
After internal verification, the C-index of the nomogram model for OS prediction was 0.802 (95% CI
0.767–0.885). The calibration curve illustrates how the predictions from the nomogram compare with
actual outcomes for the 90 patients. The dashed line represents the performance of an ideal nomogram,
in which predicted outcomes mostly match with the actual outcomes. The dots were calculated from
subcohorts of our dataset and represent the performance of our nomogram based on the six biomarkers
of Cox model. The calibration plot for the probability of OS at 1, 3 or 5 year after therapy showed an
optimal agreement between the prediction by nomogram and actual observation. (Fig. 2)

Roc of the predictive accuracy of nomograms for OS
The ROC curve analysis for the nomogram, area under curve (AUC) is used to evaluate the accuracy of
the model,the higher the AUC value, the better the model effect. results show 1-year survival (AUC =
0.827), 3-year survival(AUC = 0.867), 5-year survival(AUC = 0.801) in the development cohort and 3-year
survival(AUC = 0.863) in the validation cohort is with good accuracy[10]. (Fig. 3)

Clinical application of Prognostic Nomogram
Decision curve analysis (DCA) is used to evaluate the predictive effect of nomogram on OS,it is very
important for clinical decision-making to accurately judge the impact of clinical features and related
indicators on the prognosis of lung cancer patients with OSAS [11]。Factors not related to prognosis were
represented by black line, factors related to prognosis were represented by gray line,the model of
nomogram represented by the blue line. results show net benefit can be obtained when make decisions
by nomogram. (Fig. 4)
Using this prediction model to calculate the total score, the median of the total score of all patients was
137, total score > = 137 belong to high-risk group, total score < 137 belong to low-risk group. Kaplan-Meier
was used to analyze OS survival in low-risk group and high-risk group, results show there was statistically
significant difference in high risk group and low risk group(P < 0.05),the model has good accuracy and
practicability. (Fig. 5)

Discussion
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Prognostic models can facilitate discussion between physicians and patients, help to identify high-risk
patients individualized treatments and clinical trials can be developed, and may provide insight into the
biology of disease. Nomograms have been developed to predict various clinical end points for patients
with all kinds of malignancies.
In recent years, multi-national cohort studies had found that OSA increases the mortality of cancer,
among which lung cancer is the most common [12, 13],Dreher et al proposed that the incidence of OSA in
newly diagnosed lung cancer was 49%, in which the incidence of moderate/severe OSA was 17%
[14]

༌Perez et al proposed that the incidence of OSA in lung cancer patients was 77.5%, in which

moderate/severe OSA accounted for 41.1%[12],which is consistent with the results of this study. It was
found that 31% of lung cancer had different degrees of OSA. Li et al found that the overall survival rate of
lung cancer patients with severe OSA was lower than that of patients with mild OSA, suggesting that the
occurrence and severity of OSA are risk factors to promote cancer development[15]。The univariate and
multivariate logistic analysis indicated that age, AHI༌TNM stage, cancer types, BMI and ODI4 were risk
factors for overall survival, Now studies have confirmed that age is an important factor in the occurrence
of lung cancer and is an independent risk factor for survival and prognosis of lung cancer patients[16].
The incidence rate of OSA in elderly people is 24%~62%, and the severity of OSA increases with age.
Another study found that the incidence rate of OSA did not increase linearly with age, but reached the
peak at 55 years old, and the incidence rate increased slowly[17]༌which is consistent with the results of
this study. We found that age is an independent risk factor for lung cancer patients with OSA, and the
nomogram score increases fastest in the age range of 50–60 years༌The elderly patients with lung cancer
complicated with OSA should be closely monitored to prevent the occurrence of disease-related
complications.
Li et al reported that tumor staging is related to the severity of OSA, and jointly affect the prognosis of
lung cancer patients with OSAS [15].The American Joint Committee Cancer (AJCC) and The Union for
International Cancer Control ༈UICC༉released the eighth edition of the TNM lung cancer staging
system[18],the TNM stage is based on the latest database of The International Association for the Study
of Lung Cancer (IASLC), which contains information on 94708 patients diagnosed with lung cancer from
1999 to 2010, most of them from Asia[19]. This study explored the effect of TNM stage on the prognosis,
results show TNM stage was an independent risk factor for the prognosis of lung cancer patients with
OSA. In addition, the nomogram score of patients with TNM stage IV increased significantly, TNM stage
was not a simple linear relationship with survival and prognosis, we should pay attention to the progress
of the disease of patients with advanced lung cancer, actively treatment intervention to slow down the
progress of the disease and improve the quality of life while prolonging the survival time. According to
histological classification, lung cancer can be divided into small cell lung cancer (SCLC) and non-small
cell lung cancer (NSCLC), non-small cell lung cancer accounts for 80% of lung cancer. After multidisciplinary comprehensive treatment in recent years, the 5-year survival rate has been greatly improved,
however, only 20% − 30% of patients are in the early stage of lung cancer when diagnosed, and most of
them fail to carry out standardized treatment in time delaying the best treatment period[19]. This study
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analyzed the prognosis of lung cancer patients with OSA, results show the prognosis of patients with
small cell lung cancer was poor and the survival time was significantly reduced, although small cell lung
cancer had a good response to treatment, it was often too late to make radical resection.
Wisconsin Cohort results show severe sleep disordered breathing increases nearly five times death risk of
cancer[20],Lung cancer patients are more prone to intermittent hypoxia, apnea and daytime
sleepiness[5]༌This study show ODI4 was an independent risk factor for lung cancer patients with OSA.
Hypoxia environment plays an important role in the development of lung cancer, On the one hand,
adequate oxygenation plays an important role in maintaining the normal function of cells, tissues and
organs. Hypoxia is prevalent in tumor tissues, even in the absence of severe respiratory diseases. Hypoxia
is the result of high proliferation rate of cancer cells, when the speed of neovascularization is slower than
that of tumor growth, it can’t provide the amount of oxygen for metabolism. On the other hand, lung
cancer patients are prone to sleep disorders. In addition to the persistent hypoxia of tumor tissue,
vascular compression also promotes intermittent hypoxia and any factors causing intermittent hypoxia
and apnea can aggravate OSAS.
Apnea hypopnea index (AHI) is the basis for the diagnosis of OSA. AHI refers to the average number of
apnea and hypoventilation per hour during sleep. AHI is also a standard for grading the severity of OSA.
The results suggest that the higher AHI, the lower the survival rate of lung cancer patients with OSA, and
the hypoxia microenvironment promotes the growth of lung tumors. This conclusion has been confirmed
by relevant studies, simulating the intermittent hypoxia in patients with OSAS induced pulmonary
metastasis of melanoma [21], other evidence also suggests that hypoxic microenvironment contributes to
the development of non-small cell lung cancer [22]. In vitro studies further proved that intermittent hypoxia
lung cancer cells are more resistant and more prone to metastasis [23],indicates that lung cancer and
OSAS promote each other, leading to disease progression and reduced survival. Obesity is one of the
most important risk factors for OSAHS. Obesity is related to the increase of throat fat, tongue fat and
volume [24, 25]. Obesity patients have severe upper airway stenosis, abdominal and thoracic fat make
longitudinal tracheal traction and pharyngeal wall tension weaken, chest wall compliance decreases, lung
capacity decreases, aggravating the severity of OSAHS. The increase of BMI is accompanied by an
increase in the incidence of respiratory events and more severe nocturnal hypoxemia [26], indicated that
the higher the degree of obesity, the higher the severity of OSAHS [27]. However, there is no consensus on
the prognosis of lung cancer patients with BMI. Some studies suggest that BMI affects the prognosis of
lung cancer patients by influencing all aspects of physical fitness of the body [28], Others studies suggest
that high BMI is closely related to the overall survival benefit of lung cancer patients [29]. But smoking is
also an important confounding factor of lung cancer, so the influence of BMI on lung cancer needs to be
further explored. The results of this study show BMI is an independent prognostic factor for lung cancer
patients with OSA. In short, obesity not only aggravates the severity of OSA, but also reduces the survival
time of lung cancer patients with OSA. Therefore, obese patients with lung cancer and OSA are at high
risk of death.
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This research has some limitations. This is a single center retrospective study, the number of samples
included is limited, and the follow-up time is long, so there are incomplete clinical information. Therefore,
it is still necessary to carry out external verification with large sample and multi center.
In summary,age, AHI༌TNM stage, cancer types, BMI and ODI4 are clinical factors affecting the prognosis
of lung cancer patients with OSA༌The nomogram established in this study can be used to predict the
prognosis of lung cancer patients with OSA and can provide help for patients to formulate individualized
treatment strategies.
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Figure 1
Nomogram, including Age, AHI, TNM stage, types, BMI and ODI4 for 1, 3 and 5 years overall survival (OS)
in Lung cancer patients with OSA. The nomogram is valued to obtain the probability of 1, 3 and 5 years
survival by adding up the points identified on the points scale for each variable.
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Figure 2
The calibration curve for predicting patient survival at A: 1 years, B: 3 years and C: 5 years in the
development cohort and at D: 3 years in the validation cohort. Nomogram-predicted probability of overall
survival is plotted on the x-axis; actual overall survival is plotted on the y-axis.
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Figure 3
The ROC curve for predicting patient survival at A: 1 years, B: 3 years and C:5 years in the development
cohort and at D: 3 years in the validation cohort.
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Figure 4
Decision curve analysis for overall survival. A: In the development cohort. B: In the validation cohort. The
Black line: no effect of relevant independent factors. Gray line: effect of relevant independent factors. The
Blue dashed line: the model of nomogram.

Figure 5
Kaplan-Meier survival curves of nomogram. A In the development cohort. B In the validation cohort
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