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Abstract
Introduction The application of PET/CT directly improved treatment choice and management in 25% of
non-small cell lung cancer patients and 29% of small cell lung cancer patients. However, the long-term
outcome of altering the management of these patients remains unclear. The aim of this study was to
compare the 5-year overall survival rates of two groups of clinical stage I lung cancer patients: those who
received PET/CT and those who did not.

Methods Data were obtained from the Taiwan Society of Cancer Registry. There were 6,587 clinical stage
I lung cancer patients analyzed between 2009 and 2014 in this retrospective study. We performed
propensity matching to reduce the bias; it resulted in both groups having 2,649 patients. We measured the
1, 3, and 5-year survival rates of all clinical stage I lung cancer patients and the survival rates of
pathological I, II and III lung cancer patients and compared the survival rates between clinical stage I lung
cancer patients with PET/CT scans and patients without PET/CT scans.

Results The 1, 3, and 5-year survival rates of all clinical stage I lung cancer patients are 97.2%, 88.2% and
79.0%, respectively. The 1, 3, and 5-year survival rates are 97.0%, 88.2% and 79.8% in the PET/CT group
and 97.5%, 88.1% and 78.2% in the no PET/CT group; there was no statistical difference (p= 0.6528).

Conclusion Although stage I lung cancer patients who received PET/CT had their management strategies
modi�ed and avoided any unnecessary thoracotomies, our data showed that there was no 5-year survival
bene�t for these patients.

Background
Lung cancer is identi�ed as the leading cause of cancer death worldwide.1 Around three-quarters of lung
cancer cases were diagnosed at a late stage and less than 20% of lung cancer cases were diagnosed at
stage I.2 Through the popularity of screening nowadays, we increasingly detect earlier stage nodules and
the algorithms grow more complex. Both planning and prognosis are dependent on the precise staging.
The pretreatment evaluation of stage I lung cancer includes pulmonary function tests, a bronchoscopy,
mediastinal lymph node evaluation, brain MRI with contrast, and positron emission
tomography/computed tomography (PET/CT).3

Computed tomography (CT) with contrast provides excellent tumor information. However, it is hard to
differentiate between benign and malignant lesions.4 The combination of PET and CT scanners was
introduced into clinical practice in 1998.5 Previous studies showed PET/CT has high sensitivity (96.8%)
and intermediate speci�city (77.8%) for malignancy.6 The application of PET/CT directly improved
treatment choice and management in 25% of non-small cell lung cancer patients and 29% of small cell
lung cancer patients.7, 8 Furthermore, PET/CT helps to differentiate between benign and malignant
pulmonary nodules.9 Though there are so many bene�ts after PET/CT evaluation, the long-term survival
rates remained unclear.
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For this study, we obtained data from the Taiwan Society of Cancer Registry (TSCR) over a 5-year period.
We aimed to analyze if the introduction of PET/CT can provide better survival rate to clinical stage I lung
cancer patients.

Methods
Database

This study was approved in our hospital’s institutional review board. The population data was obtained
from the TSCR. This data includes the entire population of 23 million people in Taiwan. This database
includes registration �les and original claims data for each patient. All the patients were strictly con�rmed
by tissue diagnosis. The following items were included in the study: age, gender, smoking status, cell
type, operative method, clinical stage, pathologic stage and treatment.

Study Sample

This study searched data from the TSCR between January 2009 and December 2014. We identi�ed
patients who were diagnosed with lung cancer by the diagnostic codes C34.0, C34.1, C34.2, C34.3, C34.8,
and C34.9. We identi�ed a total of 64,918 patients with malignant lung neoplasm who received surgical
treatment. (Fig 1.) There were 8,566 patients who were diagnosed at clinical stage I.

A total of 1,979 patients were excluded from the study. Among these, 1,210 patients had a missing
follow-up 3 months post-operation; 625 had a missing pathological stage; 47 patients had a missing
smoking status; 9 patients had a missing tumor size and 88 patients had missing lymph node data.
Therefore, a total of 6,587 patients were enrolled into the study. There were 2,727 patients who received
PET/CT, and the other 3,860 patients did not receive PET/CT. In order to reduce the bias, we used
propensity matching of age, gender, smoking status, cell type and clinical stage. There were 2,649
patients in both groups after the propensity match.

Statistical Analysis

We used SAS software (SAS System for Windows, version 9.2; SAS Institute, Cary, NC) to perform the
statistical analysis for this study.

The outcome measures for our study were 1, 3, and 5-year survival rates of all clinical stage I lung cancer
patients; and survival rates of pathological I, II and III lung cancer patients who was diagnosed as clinical
stage I and received surgery. We compared the survival rates between clinical stage I lung cancer patients
with PET/CT scans and patients without PET/CT scans.

Survival curves were plotted by the Kaplan–Meier method, and the difference in survival was calculated
by the log-rank test. Univariate and multivariate analyses were performed with the Cox proportional
hazards model using SAS software. Statistical analysis with a p value less than 0.05 was considered
statistically signi�cant.
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Results
Database

This study was approved in our hospital’s institutional review board. The population data was obtained
from the TSCR. This data includes the entire population of 23 million people in Taiwan. This database
includes registration �les and original claims data for each patient. All the patients were strictly con�rmed
by tissue diagnosis. The following items were included in the study: age, gender, smoking status, cell
type, operative method, clinical stage, pathologic stage and treatment.

Study Sample

This study searched data from the TSCR between January 2009 and December 2014. We identi�ed
patients who were diagnosed with lung cancer by the diagnostic codes C34.0, C34.1, C34.2, C34.3, C34.8,
and C34.9. We identi�ed a total of 64,918 patients with malignant lung neoplasm who received surgical
treatment. (Fig 1.) There were 8,566 patients who were diagnosed at clinical stage I.

A total of 1,979 patients were excluded from the study. Among these, 1,210 patients had a missing
follow-up 3 months post-operation; 625 had a missing pathological stage; 47 patients had a missing
smoking status; 9 patients had a missing tumor size and 88 patients had missing lymph node data.
Therefore, a total of 6,587 patients were enrolled into the study. There were 2,727 patients who received
PET/CT, and the other 3,860 patients did not receive PET/CT. In order to reduce the bias, we used
propensity matching of age, gender, smoking status, cell type and clinical stage. There were 2,649
patients in both groups after the propensity match.

Statistical Analysis

We used SAS software (SAS System for Windows, version 9.2; SAS Institute, Cary, NC) to perform the
statistical analysis for this study.

The outcome measures for our study were 1, 3, and 5-year survival rates of all clinical stage I lung cancer
patients; and survival rates of pathological I, II and III lung cancer patients who was diagnosed as clinical
stage I and received surgery. We compared the survival rates between clinical stage I lung cancer patients
with PET/CT scans and patients without PET/CT scans.

Survival curves were plotted by the Kaplan–Meier method, and the difference in survival was calculated
by the log-rank test. Univariate and multivariate analyses were performed with the Cox proportional
hazards model using SAS software. Statistical analysis with a p value less than 0.05 was considered
statistically signi�cant.

Discussion
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Our study was a retrospective study investigating the prognosis of clinical stage I lung cancer patients in
Taiwan after receiving PET/CT. Previous studies showed lots of prognostic factors in lung cancer such as
age, gender, stage, performance status, tumor differentiation and lactate dehydrogenase.10, 11 Our study
revealed that older age, male gender, current smoking status, SqCC cell type, clinical stage Ib and
advanced pathological stage were independent factors of a poor 5-year survival rate. However, PET/CT
was not independent factors.

Focusing on PET/CT, it is widely used in the evaluation of stage I lung cancer. There were several
advantages reported of the application to ung cancer patients. First, PET/CT provides high accuracy in
cancer evaluation. Minamimoto et al. analyzed 854 lung cancer screening patients and showed that
PET/CT had higher accuracy than PET only (100.0% vs. 63.2%).12 Another study reported that the
sensitivity and speci�city of malignant solitary pulmonary nodules were 82% and 66% for CT, 88% and
71% for PET, and 88% and 77% for PET/CT.13 Both studies indicated that the combination of PET and CT
was effective for lung cancer screening. Therefore, PET/CT is commonly suggested after a CT
examination. Not only does PET/CT have high sensitivity and speci�city, but the positive predictive value
and negative predictive value are even high in a series of studies. Chao et al. reviewed several studies and
declared that PET/CT had high accuracy in nodal staging of lung cancer patients. The average positive
predictive value and negative predictive value were 71% and 90%, respectively.14

Second, the usage of PET/CT reduces futile treatments and the associated morbidity and thus reduces
costs. Several previous studies claimed that there were economic bene�ts of PET/CT in the management
of patients with lung cancer.15–18 Schreyogg et al. concluded that the incremental cost-effectiveness ratio
(ICER) was $3,508 per non-small cell lung cancer (NSCLC) patient when comparing PET/CT to CT
alone.17 Similarly, Sogaard et al. performed a randomized clinical trial of 189 NSCLC patients and
showed that the ICER was estimated at $3,927 when patients received PET/CT.18 It is suggested that
PET/CT is highly preferred for pretreatment evaluation of stage I lung cancer. However, due to PET/CT
being much more expensive than other pretreatment evaluations in Taiwan, our study showed only 41.4%
(2,727/6,587) of patients received PET/CT. Most of our patients did not receive PET/CT because of
economic problems and their health insurance policies.

Third, there were several studies indicating that the application of PET/CT resulted in stage migration of
lung cancer patients. Gregory et al. analyzed 168 NSCLC patients who received PET/CT and showed that
there was stage migration in 50.6% (41.1% upstaged, 9.5% down-staged) of them.19 On the other hand,
there was 12% to 44% stage migration after receiving PET/CT in small cell lung cancer (SCLC) patients.20,

21 Furthermore, most restaging after receiving PET/CT resulted in the altering of management and
prognosis. The difference of stage migration rates between NSCLC and SCLC patients after PET/CT
remained unknown. We assumed that PET/CT had better diagnostic value in NSCLC due to the tumor
characteristics. The absorption of 18F-FDG is different in these different tumors, which resulted in a
variance in image accuracy.
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Lastly, the management strategies were also changed after PET/CT. Taus et al. reported that 34.6% of
NSCLC patients receiving PET/CT contributed to 24.4% of treatment modi�cations and the avoidance of
5.2% of futile thoracotomy cases.22 Kubota et al. even showed that PET/CT could contribute to 71.6% of
the modi�cations of management strategies in lung cancer patients.23 Our data indicated that clinical
stage I lung cancer patients who received PET/CT had a higher lobectomy rate and a lower wedge
resection rate. Moreover, patients were more likely to receive chemotherapy after receiving PET/CT. We
assumed that most people in our study were upstaged after receiving a PET/CT scan and that the
management strategies altered as well.

In the past, we merely used history taking and CT with contrast to determine the clinical stage. While
PET/CT was introduced for pretreatment evaluation, a high proportion of patients receiving PET/CT had
stage migration. Theoretically, PET/CT could lead to better prognosis of these patients. However, our data
showed that a higher 5-year survival rate is not a bene�t. There were few studies reporting the effects of
PET/CT on the prognosis of lung cancer patients. Although management strategies were altered after
lung cancer patients received PET/CT, their pathological stage did not change. We only varied the clinical
stage and considered the different managements of the disease, but the 5-year survival rate did not
change even when management strategies altered after PET/CT. Previous studies only mentioned that
PET/CT lead to a more accurate clinical stage and changed the management. Our study pointed out that
PET/CT did not alter the prognosis of stage I lung cancer patients. Further prospective study is needed to
con�rm this result.

There are some limitations of our study. First, this is a retrospective study. Although there was a huge
amount of data, a prospective study is more convincing. Second, there might be a selection bias due to
PET/CT scans being expensive in Taiwan. Patients who could afford the cost of a PET/CT scan might be
able to afford other precise medication and have a better outcome.

Conclusions
Although stage I lung cancer patients receiving PET/CT resulted in the modi�cation of management
strategies and the avoidance of unnecessary thoracotomy, our data showed that there was no 5-year
survival bene�t for these patients.

Clinical Practice Points
Previous studies claims that PET/CT has high sensitivity (96.8%) and intermediate speci�city (77.8%) for
malignancy. In non-small cell lung cancer patients, it improved treatment choice in 25%. However, in our
study the application of PET/CT provides no 5-year survival bene�t in clinical stage I lung cancer
patients.
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Tables

Table:

Table 1. Clinical demographic data of patients with clinical stage I lung cancer
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All patients Propensity-matched patients
Characteristics With PET/CT Without P With PET/CT Without P
Numbers 2,727 3,860   2,649 2,649  
Age (years) 63.63±11.12 62.10±11.08 <.0001 63.55±11.12 63.24±11.04 0.9668
<50

50-59              

60-69

>=70

Gender

Male

Female

Smoking status

Never

Current

Quit

Cell type

SqCC

AD

Others

Treatment

Lobectomy

Wedge

Others

Clinical stage

Ia

  Ib

Pathologic stage

  I

  II

  III

Survival rate

  1 year

302(11.07%)

655(24.02%)

885(32.45%)

885(32.45%)

 

1,234(45.25%)

1,493(54.75%)

 

1,303(47.78%)

255(9.35%)

1,169(42.87%)

 

263(9.64%)

2,191(80.34%)

273(10.01%)

 

2,035(74.62%)

307(11.26%)

385(14.12%)

 

1,684(61.75%)

1,043(38.25%)

 

2,229(81.74%)

285(10.45%)

213(7.81%)

 

0.9691

485(12.56%)

1,083(28.06%)

1,231(31.89%)

1,061(27.49%)

 

1,686(43.68%)

2,174(56.32%)

 

2,113(54.74%)

350(9.07%)

515(13.34%)

 

318(8.24%)

3,027(78.42%)

515(13.34%)

 

2,571(66.61%)

778(20.16%)

511(13.24%)

 

2,786(72.18%)

1,074(27.82%)

 

3,407(88.26%)

259(6.71%)

194(5.03%)

 

0.9789

 

 

 

 

0.2058

 

 

<.0001

 

 

 

<.0001

 

 

 

<.0001

 

 

 

<.0001

 

 

<.0001

 

 

 

 

0.0703

291(10.99%)

647(24.42%)

862(32.54%)

849(32.05%)

 

1,206(45.53%)

1,443(54.47%)

 

1,274(48.09%)

249(9.4%)

1,126(42.51%)

 

258(9.74%)

2,120(80.03%)

271(10.23%)

 

 

 

 

 

1,663(62.78%)

986(37.22%)

 

 

 

 

 

0.9699

302(11.4%)

647(24.42%)

852(32.16%)

848(32.01%)

 

1,237(46.70%)

1,412(53.3%)

 

1,246(47.04%)

266(10.04%)

1,137(42.92%)

 

258(9.74%)

2,121(80.07%)

270(10.19%)

 

 

 

 

 

1,693(63.91%)

956(36.09%)

 

 

 

 

 

0.9745

 

 

 

 

0.3929

 

 

0.6295

 

 

 

0.9990

 

 

 

 

 

 

 

0.3924

 

 

 

 

 

 

 

0.7243
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  3 years

  5 years

0.8778

0.7921

0.8951

0.8020

0.0460

0.1247

0.8819

0.7976

0.8814

0.7822

0.9145

0.6528

SqCC: squamous cell carcinoma; AD: adenocarcinoma

Table 2. Univariate analysis of mortality risk
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Variables HR 95% Confidence Interval P value
Age      
    <50 (ref)

    50-59

    60-69

1

1.115

1.936

 

(0.757-1.641)

(1.353-2.769)

 

0.5815

0.0003
    >=70 3.715 (2.629-5.247) <.0001
Gender      
    Female (ref) 1    
    Male 2.341 (1.983-2.763) <.0001
Smoking status

    Never (ref)

    Current

    Quit

Cell type

Adenocarcinoma (ref)

    SqCC

    Others

Treatment

 

1

3.045

1.959

 

1

3.217

1.702

 

 

(2.253-4.114)

(1.585-2.422)

 

 

(2.645-3.911)

(1.338-2.165)

 

 

<.0001

<.0001

 

 

<.0001

<.0001

Lobectomy (ref) 1    
Wedge resection 1.497 (1.206-1.858) 0.0003

   Others

Clinical stage

Ia (ref)

Ib

1.192

 

1

2.353

(0.957-1.483)

 

 

(2.006-2.759)

0.1164

 

 

<.0001
Pathologic stage      
   I (ref) 1    

II

III

2.954

3.510

(2.390-3.650)

(2.812-4.381)

<.0001

<.0001
PET

No (ref)

Yes

 

1

1.142

 

 

(0.974-1.340)

 

 

0.1023
         
               

HR = hazard ratio
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Table 3. Multivariate analysis of mortality risk

Variables HR 95% Confidence Interval P value
Age      
    <50 (ref)

    50-59

    60-69

1

1.004

1.511

 

(0.680-1.481)

(1.053-2.168)

 

0.9852

0.0252
    >=70 2.195 (1.534-3.141) <.0001
Gender      
    Female (ref) 1    
    Male 1.436 (1.187-1.737) 0.0002
Smoking status

    Never (ref)

    Current

    Quit

Cell type

Adenocarcinoma (ref)

    SqCC

    Others

Treatment

 

1

1.600

1.357

 

1

1.381

1.238

 

 

(1.158-2.210)

(1.083-1.700)

 

 

(1.107-1.723)

(0.964-1.589)

 

 

0.0044

0.008

 

 

0.0042

0.095

Lobectomy (ref) 1    
Wedge resection 1.599 (1.275-2.004) <.0001

   Others

Clinical stage

Ia (ref)

Ib

1.080

 

1

1.235

(0.865-1.349)

 

 

(1.009-1.512)

0.4972

 

 

0.041
Pathologic stage      
   I (ref) 1    

II

III

1.900

2.333

(1.301-2.775)

(1.424-3.821)

0.0009

0.0008
PET

   No (ref)

   Yes          

 

1

0.991

 

 

(0.844-1.164)

 

 

0.9105

HR = hazard ratio
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Figures

Figure 1

Flow chart of patients through study
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Figure 2

The survival rates of clinical stage I lung cancer patients
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Figure 3

The survival rates of pathologic stage I, II and III lung cancer patients who was diagnosed as clinical
stage I and received surgery

Figure 4

The survival rates of clinical stage I lung cancer patients divided into the PET/CT group and the no
PET/CT group after propensity matching


