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The Impact of Whole-body 18F-Fluorodeoxy-D-
Glucose Positron Emission Tomography - Computed 
Tomography (PET-CT) on the Staging and Outcome of 

Small Cell Lung Cancer Patients

Shih-Hong Li, Kuo-Chin Kao, Kung-Chu Ho*, Ping-Chih Hsu, Ning-Hung Chen, 
Cheng-Ta Yang, Chien-Ying Liu

Background: Determining the appropriate therapy for small cell lung cancer (SCLC) is 
highly dependent on accurate staging, which may have an impact on disease outcome. We 
evaluated whether the introduction of whole-body positron emission tomography with the 
glucose analog 18F-fluoro-2-deoxy-D-glucose (FDG-PET) improved the accuracy of staging, 
adequacy of therapy and clinical outcome of SCLC patients.

Methods: The study design included prospective recording and retrospective analysis. 
From September 2007 to July 2012, a total 117 of newly diagnosed SCLC patients (mean 
age: 62 years, male/female: 107/10, Eastern Cooperative Oncology Group performance 
status (ECOG): 0-2, were enrolled for analysis. Sixty-nine patients received conventional 
computed tomography (CT) for staging, and 48 patients underwent both FDG-PET and 
conventional image studies for staging. All patients received protocol-oriented therapy on an 
intention-to-treat basis Chang Gung Memorial Hospital.

Results: The clinical stage was changed in 14 of the 48 (29%) patients after FDG-PET 
(10 from limited-stage disease (LD) to extensive-stage disease (ED), 4 from ED to LD), and 
34 remained at the same stage. The patients with LD as determined by FDG-PET had a 
longer median survival than those with LD by conventional staging (15.9±14.2 months versus 
9.5±6.0 months; HR: 2.672; log-rank test p=0.0247). The median survival of patients with ED 
identified by FDG-PET staging was 9.3±4.6 months, compared to 10.1±8.2 months by CT 
scan (HR: 0.968; log-rank test p=0.9080).

Conclusions: For limited-stage SCLC patients, the application of FDG-PET had a 
positive impact on staging, management and outcome; however, there was less impact on 
extensive-stage SCLC. (Thorac Med 2014; 29: 127-143) 

Key words: small cell lung cancer, positron emission tomography (PET), computed tomography (CT), 
bone scan, overall survival
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Introduction 

In Taiwan, lung cancer is the leading cause 
of cancer-related deaths among both women 
and men. Small cell lung cancer (SCLC) rep-
resented approximately 8.1% and 15% of all 
lung cancers in Taiwan and the United States, 
respectively [1-2]. Due to the rapid doubling of 
cancer cells, SCLC has a clinically aggressive 
nature and a tendency to become widespread 
metastatic disease. In 1957, the Veterans Af-
fairs Administration Lung Cancer Study Group 
(VALG) classified SCLC into limited disease 
(LD) and extensive disease (ED) [3]. LD was 
defined as disease limited to 1 hemithorax with 
ipsilateral and contralateral hilar and medias-
tinal nodes that could be encompassed within 
a radiation portal; all other disease spread was 
classified as ED.

At the time of diagnosis, 28% to 37.2% of 
patients presented with LD and 53.3% to 72% 
with ED. For LD, concurrent chemoradiation 
therapy (CCRT) is the major treatment modali-
ty, and for ED, chemotherapy alone is used. The 
median survival of patients with LD was 10 to 
14 months [4-7], which was better than the 5.6 
to 7 months for ED patients [4-5,8]. Since the 
median survival of LD and ED is quite differ-
ent, accurate staging of SCLC has significant 
implications for the choice of therapy and 
subsequent prognosis. In non-small cell lung 
cancer (NSCLC) patients, the sensitivity and 
specificity of integrated whole-body 18F-fluoro-
deoxy-D-glucose positron emission tomogra-
phy-computed tomography (18F-FDG-PET/CT) 
for staging and diagnosis were higher than that 
of computed tomography (CT) [9]. For initial 
staging of SCLC, a conventional imaging study, 
such as CT of the thorax and abdomen, bone 
scan, cranial CT or magnetic resonance imaging 

(MRI), is performed. Accurate staging of LD is 
important for the introduction of the CCRT mo-
dality and improvement of disease outcome. As 
for ED, accurate staging could render thoracic 
radiation therapy unnecessary, so the use of 
18F-FDG-PET for staging may thereby reduce 
healthcare costs and allow ED SCLC patients to 
avoid the toxicity of radiation [10].

Several studies have revealed the value 
of 18F-FDG-PET for initial staging and treat-
ment planning of SCLC [11-17]. Whole-body 
18F-FDG-PET/CT was introduced into clinical 
cancer practice in our hospital in 2006. There-
fore, to determine the prognostic value of 18F-
FDG-PET/CT for use in the staging of SCLC 
patients, we further analyzed the outcome of 
newly diagnosed SCLC patients using conven-
tional staging tools and additional 18F-FDG-
PET/CT.

Patients and Methods

Study subjects
A prospective cancer recording system and 

retrospective analysis were used in the present 
study. From September 2007 to July 2012, the 
medical data of 3642 pathologically proven pri-
mary lung cancer patients were recorded in the 
cancer registration database at Lin-Kou Chang 
Gung Memorial Hospital. The screening criteria 
for this study were set as: 1) age ≥18 years old, 2) 
newly diagnosed SCLC, 3) Eastern Cooperative 
Oncology Group (ECOG) performance status: 
0~2, and 4) having received CCRT or at least 2 
cycles of standard chemotherapy after staging 
by 18F-FDG-PET/CT or conventional imaging 
studies. The data of 340 newly diagnosed, un-
treated SCLC patients were recorded during this 
period. A total of 117 patients met the screen-
ing criteria and were enrolled for analysis. The 
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patients were grouped as LD or ED according 
to the VALG SCLC classification. Patients in 
these 2 groups were further divided into those 
staged with conventional imaging methods and 
those staged with additional 18F-FDG-PET/CT. 
The conventional imaging methods included 
CT of the thoracic and upper abdomen, cerebral 
CT or MRI and bone scan. Standard therapy 
included systemic chemotherapy with a cispla-
tin and etoposide (EP) regimen for ED patients 
and systemic CCRT for LD patients. Forty ED 
SCLC patients received local radiation therapy 
for tumor control or palliation of symptoms. If 
pleural effusion was noted in any image study, 
diagnostic thoracentesis for cytological study 
was performed to confirm the etiology of the 
pleural effusion. 

Image acquisition
Integrated whole-body 18F-fluorodeoxy-D-glu-
cose positron emission tomography- computed 
tomography

According to the protocol of the nuclear 
medicine department of Lin-Kou Chang Gung 
Memorial Hospital, all patients were requested 
to fast at least 4 hours before examination and 
had a glucose level less than 200 mg/dL. In-
travenous contrast was not used. Fifty minutes 
after intravenous injection of FDG (333-407 
MBq), integrated whole-body 18F-FDG-PET/
CT (Discovery ST16, GE Healthcare) images 
were obtained. The standard uptake value (SUV) 
for each voxel was calculated as follows: SUV= 
(measured activity concentration [Bq/mL])/(in-
jected activity [Bq]/body weight [kg]×1,000). 

Statistical analysis
Descriptive statistics were used to examine 

the demographic characteristics of the study 
population. Data were presented as mean± 

standard deviation (SD) or subject number. 
Fisher’s exact test or chi-square (X2) was used 
for categorical data and t tests for continuous 
measures to compare the differences between 
subgroups. Survival was determined as the 
duration from the date of diagnosis to the date 
of death, or the date of last follow-up, if the 
patients were still alive. Survival probabilities 
were presented by Kaplan-Meier curves, and 
the log-rank test was used to compare survival 
curves. Univariate Cox’s proportional hazard 
modeling was used to analyze the hazard ratio 
(HR) with a 95% confidence interval (95% CI) 
for age at diagnosis, gender, cigarette exposure 
duration, cigarette exposure amount (pack-
years), body mass index, comorbidity (coro-
nary artery disease, cerebral vascular accident, 
chronic obstructive pulmonary disease, asthma, 
pulmonary tuberculosis infection, cancer his-
tory, hypertension and diabetes mellitus), num-
ber of conventional imaging studies for staging, 
chemotherapy, cycles of chemotherapy, ECOG 
performance status, radiation therapy, hypona-
tremia, superior vena cava syndrome and ma-
lignant pleural effusion. A p value less than 0.05 
(2-sided) was considered statistically signifi-
cant. Further multivariate Cox’s proportional 
hazard modeling was performed if univariate 
Cox’s regression showed statistical significance. 
Statistical analyses were performed using SPSS 
19.0 for Windows (SPSS, Inc, Chicago, Ill) and 
GraphPad Prism 5.0 (GraphPad Software, San 
Diego, Ca).

Results

Patient population
From September 2007 to July 2012, 117 

newly diagnosed SCLC patients were enrolled 
for analysis; 107 (91.5%) were male and 10 
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(8.5) were female. The mean age was 62.9±11.2 
years, ranging from 28.7 to 83.3 years. Seventy-
four patients (73.2%) were ED and 43 (36.8%) 
were LD. Sixty-nine patients underwent a con-
ventional staging process and 48 patients had 
additional 18F-FDG-PET/CT. In terms of perfor-
mance status, 12 patients (10.2%) were ECOG 
0, 95 (81.2%) were ECG 1, and 10 (8.5%) were 
ECOG 2 (Table 1). 

Characteristics of patients
Group receiving 18F-FDG-PET/CT imaging 
studies

In the subgroup of 48 patients receiving 
18F-FDG-PET/CT, 44 (91.7%) were male and 4 
(8.3%) were female. The mean age was 60.2± 
11.3 years. The proportion of smoking and non-
smoking patients was 95.8% and 4.2%, respec-
tively. The mean pack-years of smoking were 
46.7±34.8. The mean BMI was 23.9±3.4. Seven 
patients (14.6%) were ECOG 0, 35 (72.9%) 
were ECOG 1, and 6 (12.5%) were ECOG 2. 
Twenty-four patients (50%) were LD and the 
others (n=24, 50%) were ED. The mean sur-
vival of the LD and ED patients was 15.9±14.2 
and 9.3±4.6 months, respectively. One patient 
had ipsilateral malignant pleural effusion. The 
average cycles of chemotherapy with EP and 
with topoticam were 5.71±2.59 and 0.33±0.8, 
respectively. Only 22 (45.8%) patients received 
a bone scan. Cerebral CT was performed for 32 
(66%) patients (Table 1).

Group receiving conventional imaging studies 
without 18F-FDG-PET/CT

In the subgroup of 69 patients not receiv-
ing 18F-FDG-PET/CT, 63 (91.3%) were male 
and 6 (8.7%) were female. The mean age was 
64.8±10.7 years. The proportion of smoking 
and non-smoking patients was 94.2% and 5.8% 

respectively. The mean pack-years of smoking 
were 47.6±55.4. The mean BMI was 24.1±3.4. 
Five patients (7.2%) were ECOG 0, 60 (87.0%) 
were ECOG 1, and 4 (5.8%) were ECOG 2. 
Nineteen patients (27.5%) were LD and 50 
(72.5%) were ED. The mean survival of the 
LD and ED patients was 9.5±6.0 and 10.1±8.2 
months, respectively. Nine patients had ipsi-
lateral malignant pleural effusion. The average 
number of chemotherapy cycles with the EP 
and the topoticam regimens was 4.96±2.03 and 
0.58±1.48, respectively. Almost all patients 
(n=67, 97.1%) received a bone scan. Cerebral 
CT was performed for 40 patients (58%) (Table 
1).

LD-SCLC patients receiving 18F-FDG-PET/
CT versus those undergoing conventional im-
aging studies

Of the 24 LD-SCLC patients receiving 18F-
FDG-PET/CT, 23 (95.8%) were male and 1 
(4.2%) was female; 17 (89.5%) of the 19 pa-
tients receiving conventional imaging studies 
were male, and 2 (10.5%) were female. The 
mean age of the 18F-FDG-PET/CT and conven-
tional imaging study groups was 59.0±11.8 and 
62.7±11.3 years, respectively. The mean pack-
years of smoking of the 18F-FDG-PET/CT and 
conventional imaging groups were 41.7±32.5 
and 71.6±94.9, respectively, without statistical 
significance (p=0.086). The duration of smok-
ing of the 18F-FDG-PET/CT and conventional 
imaging groups was 30.6±13.5 and 40.2±12.8 
years, respectively, which was statistically sig-
nificant (p=0.023). Seven patients had ipsilat-
eral pleural effusion, but only 1 had malignancy 
confirmed by cytology. The average cycles of 
chemotherapy with EP of the 18F-FDG-PET/CT 
and conventional imaging groups were 6.3±2.9 
and 4.9±1.3, respectively. The average cycles of 
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Table1.  Characteristics of the Patients with Small Cell Lung Cancer

Characteristic Total Non-PET PET p value
Patient numbers 117 69 48
Age, yr, mean±SD 62.9±11.2 64.8±10.7 60.2±11.3 0.021
Gender 1.000
  Female 10 6 (8.7%) 4 (8.3%)
  Male 107 63 (91.3%) 44 (91.7%)
Non-smoking 6 4 (5.8%) 2 (4.2%) 1.000
Smoking 111 65 (94.2%) 46 (95.8%)
Smoking (pack*years) 47.3±47.9 47.6±55.4 46.7±34.8 0.967
  ED 38.5±25.5 51.8±37.1 0.251
  LD 71.6±94.9 41.7±32.5 0.086
BMI 24.1±3.4 24.1±3.4 23.9±3.4 0.692
Performance, ECOG 0.149
  0 12 5 (7.2%) 7 (14.6%)
  1 95 60 (7.0%) 35 (72.9%)
  2 10 4 (5.8%) 6 (12.5%)
Stage 0.013
  ED 74 50 (72.5%) 24 (50%)
  LD 43 19 (27.5%) 24 (50%)
Comorbidity
  Coronary artery disease 9 7 2 0.305
  Cerebral vascular accident 9 5 4 1.000
  Tuberculosis, lung 7 2 5 0.121
  Diabetes mellitus 21 13 8 0.811
  Hypertension 41 25 16 0.845
  COPD 16 12 4 0.184
  Asthma 2 1 1 1.000
  Other cancer 9 6 3 0.735
Chemotherapy line 1.2±0.4 1.19±0.39 1.21±0.41 0.791
Cycles of chemotherapy
  EP 5.3±2.3 4.96±2.03 5.71±2.59 0.120
  Topoticam 0.48±1.2 0.58±1.48 0.33±0.78 0.826
Dose of radiation, cGy 2662.74±2569.9 1872.5±2244.3 3798.8±2603.5 <0.001
Overall survival (months)
  LD 13.1±11.6 9.5±6.0 15.9±14.2 0.087
  ED 9.8±7.2 10.1±8.2 9.3±4.6 0.243
Serum sodium 137.3±5.3 136.75±6.13 135.05±19.8 0.734
Hyponatremia 17 13 4 0.226
Malignant pleural effusion 10 9 1 0.046
  ED 9 8 1
  LD 1 1 0
Bone scan, done 89 67 (97.1) 22 (45.8) <0.001
Bone scan, no 28 2 (2.9) 26 (54.2)
Brain CT, done 72 40 (58) 32 (66.7) 0.342
Brain CT, no 45 29 (42) 16 (33.3)
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chemotherapy with topoticam of the 18F-FDG-
PET/CT and conventional imaging groups were 
0.1±0.3 and 0.6±1.5, respectively. Six patients 
did not receive radiation therapy. There was no 
difference in the incidence of comorbidities be-
tween the patients with or without an 18F-FDG-
PET/CT study (Table 2).

ED-SCLC patients receiving 18F-FDG-PET/
CT versus those undergoing conventional im-
aging studies

Of the 24 ED-SCLC patients receiving 18F- 
FDG-PET/CT, 21(87.5%) were male and 3 
(12.5%) were female; 46 (92%) of the 50 pa-
tients undergoing conventional imaging stud-
ies were male, and 4 (8%) were female. The 

Table 2.  Characteristics of the patients with LD-SCLC and ED-SCLC 

Patient number (percent)
LD ED

PET Non-PET p value PET Non-PET p value
Age at diagnosis 59.0±11.8 62.7±11.3 0.301 61.5±11.0 65.6±10.5 0.117
Gender Male 23 (95.8) 17 (89.5) 0.411 21 (87.5) 46 (92.0) 0.675

Female 1 (4.2) 2 (10.5) 3 (12.5) 4 (8.0)
Cigarette smoking Never 1 (4.2) 0 (0.0) 1.000 1 (4.2) 4 (8.0) 1.000

Yes 23 (95.8) 19 (100.0) 23 (95.8) 46 (92.0)
Cigarettes, pack/days 1.3±0.9 2.0±3.2 0.361 1.3±0.6 1.1±0.5 0.054
Cigarettes, years 30.6±13.5 40.2±12.8 0.023 35.6±17.5 33.0±15.9 0.523
Cigarettes, pack-years 41.7±32.5 71.6±94.9 0.086 51.8±37.1 38.5±25.5 0.076
Cigarette cessation No 23 (95.8) 14 (73.7) 0.072 16 (66.7) 42 (84.0) 0.090

Yes 1 (4.2) 5 (26.3) 8 (33.3) 8 (16.0)
Body weight 67.2±13.2 65.7±13.6 0.720 62.2±9.6 62.4±10.4 0.923
Body height 164.8±5.8 163.8±7.4 0.602 163.3±6.7 160.9±6.3 0.152
Body mass index, BMI 24.6±3.8 24.4±3.9 0.865 23.3±2.8 24.0±3.3 0.327
Performance, 
ECOG

0 6 (25.0) 3 (15.8) 0.372 1 (4.2) 2 (4.0) 0.014
1 17 (70.8) 13 (68.4) 18 (75.0) 47 (94.0)
2 1 (4.2) 3 (15.8) 5 (20.8) 1 (2.0)

Therapy
Cycles of chemotherapy, EP 6.3±2.9 4.9±1.3 0.068 5.1±2.1 5.0±2.3 0.685
Cycles of chemotherapy, 
topoticam 0.1±0.3 0.6±1.5 0.391 0.5±1.0 0.6±1.5 0.604
Lines of chemotherapy 1.2±0.4 1.2±0.4 0.717 1.3±0.4 1.2±0.4 0.486
Radiation therapy No 1 (4.2) 5 (26.3) 0.432 11 (45.8) 23 (46.0) 0.989

Yes 23 (95.8) 14 (73.7) 13 (54.2) 27 (54.0)
Dose of radiation, cGy 5305.8±1845.2 3773.7±2468.9 0.031 2291.7±2388.9 1150.0±1678.2 0.045
Comorbidity
Comorbidity No 11 (45.8) 8 (42.1) 0.807 12 (50.0) 23 (46.0) 0.747

Yes 13 (54.2) 11 (57.9) 12 (50.0) 27 (54.0)
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Coronary artery 
disease

No 23 (95.8) 17 (89.5) 0.575 23 (95.8) 45 (90.0) 0.657
Yes 1 (4.2) 2 (10.5) 1 (4.2) 5 (10.0)

Cerebral vascular 
disease

No 22 (91.7) 17 (89.5) 1.000 22 (91.7) 47 (94.0) 0.657
Yes 2 (8.3) 2 (10.5) 2 (8.3) 3 (6.0)

Diabetes mellitus No 19 (79.2) 13 (68.4) 0.495 21 (87.5) 43 (86.0) 1.000
Yes 5 (20.8) 6 (31.6) 3 (12.5) 7 (14.0)

Hypertension No 14 (58.3) 12 (63.2) 0.748 18 (75.0) 32 (64.0) 0.344
Yes 10 (41.7) 7 (36.8) 6 (25.0) 18 (36.0)

C.O.P.D. No 23 (95.8) 16 (84.2) 0.306 21 (87.5) 41 (82.0) 0.740
Yes 1 (4.2) 3 (15.8) 3 (12.5) 9 (18.0)

Asthma No 24 (100.0) 19 (100.0) 23 (95.8) 49 (98.0) 0.546
Yes 0 (0.0) 0 (0.0) 1 (4.2) 1 (2.0)

Tuberculosis No 22 (91.7) 18 (94.7) 1.000 21 (87.5) 49 (98.0) 0.097
Yes 2 (8.3) 1 (5.3) 3 (12.5) 1 (2.0)

Other cancer No 21 (87.5) 19 (100.0) 0.243 24 (100.0) 44 (88.0) 0.168
Yes 3 (12.5) 0 (0.0) 0 (0.0) 6 (12.0)

Clinical manifestations
Dyspnea No 16 (66.7) 13 (68.4) 0.903 9 (37.5) 34 (68.0) 0.013

Yes 8 (33.3) 6 (31.6) 15 (62.5) 16 (32.0)
Hemoptysis No 18 (75.0) 15 (78.9) 1.000 17 (70.8) 45 (90.0) 0.048

Yes 6 (25.0) 4 (21.1) 7 (29.2) 5 (10.0)
Body weight loss No 20 (83.3) 17 (89.5) 0.678 17 (70.8) 40 (80.0) 0.380

Yes 4 (16.7) 2 (10.5) 7 (29.2) 10 (20.0)
Chest pain No 16 (66.7) 13 (68.4) 0.903 14 (58.3) 45 (90.0) 0.004

Yes 8 (33.3) 6 (31.6) 10 (41.7) 5 (10.0)
Cough No 12 (50.0) 3 (15.8) 0.019 8 (33.3) 10 (20.0) 0.211

Yes 12 (50.0) 16 (84.2) 16 (66.7) 40 (80.0)
Serum sodium 137.9±4.8 135.5±7.8 0.343 138.0±2.7 137.2±5.5 0.485
Hyponatremia, 
Serum sodium <135

No 19 (79.2) 10 (52.6) 0.154 20 (83.3) 37 (74.0) 0.213
Yes 3 (12.5) 4 (21.1) 1 (4.2) 9 (18.0)
U/A 2 (8.3) 5 (26.3) 3 (12.5) 4 (8.0)

SIADH No 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Yes 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

SVC syndrome No 24 (100.0) 17 (89.5) 0.189 21 (87.5) 48 (96.0) 0.321
Yes 0 (0.0) 2 (10.5) 3 (12.5) 2 (4.0)

Pleural effusion
Negative 22 (91.7) 14 (73.7) 0.113 17 (70.8) 30 (60.0) 0.365
Positive 2 (8.3) 5 (26.3) 7 (29.2) 20 (40.0)

Malignant pleural 
effusion

Negative 2 (100.0) 4 (80.0) 0.495 6 (85.7) 12 (60.0) 0.214
Positive 0 (0.0) 1 (20.0) 1 (14.3) 8 (40.0)
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mean age of the 18F-FDG-PET/CT and con-
ventional imaging patients was 61.5±11.0 and 
65.6±10.5 years, respectively. The mean pack-
years of smoking of the 18F-FDG-PET/CT and 
conventional imaging groups were 51.8±37.1 
and 38.5±25.5, respectively, without statistical 
significance (p=0.076). The patient number per 
ECOG performance status were statistically 
significant (p=0.014). Nine of 27 patients had 
ipsilateral malignant pleural effusion. The aver-
age cycles of chemotherapy with EP of the 18F-
FDG-PET/CT and conventional imaging groups 
were 5.1±2.1 and 5.0±2.3, respectively. The av-
erage cycles of chemotherapy with topoticam of 
the 18F-FDG-PET/CT and conventional imaging 
groups were 0.5±1.0 and 0.6±1.5. There was no 
difference in the incidence of comorbidities be-
tween the patients with or without an 18F-FDG-
PET/CT study (Table 2). 

Management and outcome of patients who 
altered their clinical stages after 18F-FDG-
PET/CT study

Fourteen (29%) of the 48 patients receiving 
an 18F-FDG-PET/CT study altered their clinical 
stages (Table 3). Ten patients changed from LD 
to ED. The incongruent sites on 18F-FDG-PET/
CT and conventional imaging studies were the 
liver (n=5), bone or bone marrow (n=4), adre-
nal gland (n=5) and distal lymph nodes (n=4). 
Four patients changed from ED to LD, and the 
major incongruent sites were the adrenal gland 
and liver. The management of patients who al-
tered clinical stages was based on the new stage 
status, i.e., CCRT for LD and chemotherapy 
only for ED. (Table 3). After the 18F-FDG-PET/
CT study, the overall survival of patients re-
maining as LD and ED was 16.2±14.9 months 
and 9.8±4.5 months, respectively. For patients 
changing stage from ED to LD and from LD 

to ED, overall survival was 14.2±11.6 months 
and 8.5±4.9 months, respectively. There was no 
overall survival difference between the LD/LD 
and ED/LD groups or between the LD/ED and 
ED/ED groups. However, a significant differ-
ence in overall survival was noted between the 
LD/LD and LD/ED groups (p=0.001). There 
was no statistically significant difference be-
tween ED/ED and ED/LD (p=0.306) (Table 4).

Survival of LD patients with or without an 
18F-FDG-PET/CT study

Median survival for the 18F-FDG-PET/CT 
and conventional imaging groups was 15.9± 
14.2 months and 9.5±6.0 months, respectively 
(Table 1). Kaplan-Meier curves of the cumula-
tive survival probabilities (Figure 1A) revealed 
that those in the 18F-FDG-PET/CT group had 
a higher survival probability than those in the 
conventional imaging group, with an HR of 
2.672 (p=0.0247, log-rank test). Cox’s univari-
ate analysis showed ECOG performance status 
2 (p=0.039), BMI (p=0.027), cycles of chemo-
therapy with an EP regimen (p=0.027), no 18F-
FDG-PET/CT study (p=0.029) and positive 
pleural effusion (p=0.003) resulted in worse 
survival (Table 5). In Cox’s multivariate analy-
sis, cycles of chemotherapy with an EP regimen 
(p=0.016, HR=0.705) influenced survival (Table 
5).

Survival of ED patients with or without an 
18F-FDG-PET/CT study

Median survival for the 18F-FDG-PET/CT 
and conventional image groups was 9.3±4.6 
and 10.1±8.2 months, respectively (Table 1). 
Kaplan-Meier curves of the cumulative survival 
probabilities (Figure 1B) revealed no difference 
between those in the 18F-FDG-PET/CT and 
conventional imaging groups, with an HR of 



135PET-CT for SCLC

胸腔醫學：民國 103 年 29 卷 3 期�

Table 3.  Patients who altered their clinical stages after 18F-FDG-PET/CT study

Subject 
no.

Pre-
PET 
stage

PET 
stage Incongruence

Pre-PET 
planned 

management

Post-PET 
management

Overall 
survival 
(days)

Evaluation of discordance

1 LD ED

1.Peritoneum at 
anterior middle upper 
abdomen
2.Hepatic hilar region

CCRT chemotherapy 358
Progression of liver hilar 
lesion noted on CT 3 and 7 
months later 

2 LD ED Liver CCRT chemotherapy 215 Progression of liver lesion 
noted on CT 5 months later

3 LD ED Contralateral neck 
Lymph nodes CCRT chemotherapy 283 Confirmed by core needle 

aspiration

4 LD ED

1.Pleural nodule 
closed to aorta arch
2.Neck lymph node 
bilateral

CCRT chemotherapy 141
Progression of neck lymph 
node and pleural thickening 
noted on CT 1 month later

5 LD ED 1.Liver
2.Multiple bones CCRT chemotherapy 169

Progression of liver and 
lumbar spine lesion noted 
on CT 4 months later

6 LD ED

1.Liver
2.Bone marrow over 
upper thoracic spine 
and sternum

CCRT chemotherapy 279 Progression of liver lesion 
noted on CT 3 months later

7 LD ED

1.Bilateral 
supraclavicular 
lymph nodes
2.Right axillary 
lymph nodes
3.Cervical spine and 
thoracic spines

CCRT chemotherapy 153 Progression of spine lesion 
noted on CT 3 months later

8 LD ED Left adrenal gland CCRT chemotherapy 174
Progression of left adrenal 
gland noted on CT 4 months 
later

9 LD ED
1.Right axillary 
lymph node
2.right femoral bone

CCRT chemotherapy 166 Progression of right femoral 
bone lesion on CT later

10 LD ED Left adrenal gland CCRT chemotherapy 620
Progression of left adrenal 
gland noted on CT 3 months 
later

45 ED LD Left adrenal gland chemotherapy CCRT 47
No evaluation, due to 
sudden massive hemoptysis 
and sudden death

46 ED LD Left adrenal gland chemotherapy CCRT 643
No progression on PET/CT 
at 6 months and on CT 1 
year later

47 ED LD Liver chemotherapy CCRT 787 Stationary size noted on CT 
6 months later

48 ED LD Bilateral adrenal 
glands chemotherapy CCRT 228 Stationary size noted on CT 

6 months later
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0.968 (p=0.9080, log-rank test). Cox’s univari-
ate analysis showed comorbidity ≥3 (p=0.048), 
duration of smoking (p=0.041), ECOG perfor-
mance status 2 (p=0.019), and cycles of chemo-
therapy with an EP regimen (p<0.001) resulted 
in worse survival (Table 6). In Cox’s multivari-
ate analysis, only cycles of chemotherapy with 
an EP regimen (HR=0.767, p=0.001) influenced 
survival (Table 6).

Detection of bone metastasis by bone scan 
imaging and 18F-FDG-PET/CT studies

In the 18F-FDG-PET/CT group, 5 incon-
gruent bone metastatic sites were found in 22 
patients who also received a bone scan imaging 
study. Four of the 5 revealed negative findings 
on bone scan but were found to have significant 
bone metastasis on PET/CT. Bone marrow me-
tastasis was detected in 1 patient. The disease 
stage of 3 of the patients was changed from 

Table 4.  Alteration of Stages and Overall Survival after Introduction of 18F-FDG PET/CT Study

Group Pre-PET stage Post-PET stage No. of 
patients

Overall survival (months)
median±SD (range in days)

HR,
p value

LD/LD LD LD 20 16.2±14.9 (35-1831)* 5.467
LD/ED LD ED 10 8.5±4.9 (141-620)+ 0.001
ED/ED ED ED 14 9.8±4.5 (120-552)+ 2.280
ED/LD ED LD 4 14.2±11.6 (47-787)* 0.306

* No difference between LD/LD and ED/LD groups
+ No difference between LD/ED and ED/ED groups

Table 5.  Cox’s Proportional Hazard Analysis for Overall Survival of LD-SCLC Patients

Variable HR 95.0% CI p value
Lower Upper

Univariate
Performance ECOG 0-1 1

ECOG 2 3.294 1.062 10.221 0.039
BMI* 0.862 0.755 0.983 0.027
Cycles of chemotherapy, EP+ 0.742 0.570 0.966 0.027
Pleural effusion Without 1

With 3.904 1.610 9.467 0.003
PET With 1

Without 2.422 1.095 5.358 0.029
Multivariate
PET With 1

Without 5.098 1.680 15.465 0.074
Cycles of chemotherapy, EP# 0.705 0.531 0.936 0.016

* Increase in HR for an increase in BMI, 1 kg/m2

+ Increase in HR for an increase in the cycles of chemotherapy 
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LD to ED. One patient had consistent lumbar 
metastasis and the other had inconsistent bone 
metastasis between studies (Table 7).

Discussion

In the present study, after whole body 18F-
FDG-PET/CT examination of 48 SCLC pa-
tients, 10 of 24 LD patients were up-staged to 

Fig. 1.  (A) Overall survival of limited stage SCLC patients. (B) Overall survival of extensive stage SCLC patients.
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Table 6.  Cox’s Proportional Hazard Analysis for Overall Survival of ED-SCLC Patients

Variable HR 95.0% CI p value
Lower Upper 

Univariate
Performance ECOG 0-1 1

ECOG 2 3.294 1.210 8.436 0.019

Comorbidity <3 1
≥3 2.283 1.007 5.177 0.048

Duration of smoking 1.016 1.001 1.032 0.041

Cycles of chemotherapy, EP* 0.750 0.644 0.874 <0.001

Multivariate

Performance ECOG 0-1 1

ECOG 2 1.472 0.484 4.474 0.495

Comorbidity <3 1

≥3 1.770 0.764 4.098 0.183

Duration of smoking 1.015 1.000 1.031 0.054

Cycles of chemotherapy, EP 0.767 0.653 0.902 0.001
*Increase of HR for an increase in the cycles of chemotherapy with EP

Table 7.  Detection of bone metastasis by bone scans versus 18F-FDG-PET/CT imaging study

Subject 
no.

Bone scan findings PET findings Influence of PET

6 Negative Bone marrow metastasis at upper 
T spine and sternum

Changed stage and therapy (LD/ED)

7 Negative C3 and thoracic spine Changed stage and therapy (LD/ED)
9 Negative Right femoral bone Changed stage and therapy (LD/ED)
11 Left scapular, right 10th rib Right 9th rib, sternum No change in stage (ED/ED)
12 L5 spine lesion L5 spine lesion No change in stage (ED/ED)
24 Negative Multiple bones No change in stage (ED/ED)

ED, and 4 of 24 ED patients were down-staged 
to LD. The survival of patients with LD-SCLC 
evaluated by PET/CT was better than that eval-
uated by conventional imaging studies. Cox’s 
multivariate analysis showed that cycles of che-
motherapy for both LD and ED was an associ-
ated factor that influenced survival. The factor 
with the least HR of influencing the survival 

of LD-SCLC patients was accurate staging by 
PET/CT followed by adequate treatment. Our 
data supported the efficacy of whole body 18F-
FDG-PET/CT to detect distant metastasis and 
screen out under-staged LD patients and over-
staged ED patients, compared with convention-
al imaging methods. Under-staged LD patients 
may receive unnecessary management such as 
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thoracic radiation therapy; in contrast, over-
diagnosed ED patients may have inadequate 
radiation therapy for tumor control. All these 
may influence the disease outcome and survival 
of the patients. 

No discrepant results in the evaluation of 
the primary tumor were found between 18F-
FDG-PET/CT and conventional imaging in the 
present study. However, compared with conven-
tional images, 18F-FDG-PET could detect more 
metastasis, except to the brain, suggesting it is a 
useful and practical diagnostic tool for accurate 
cancer staging. The most common metastatic 
sites of SCLC included bone, adrenal, liver and 
brain (detected by contrast CT or MRI). Three 
patients in our study had discordant findings 
between bone scan and whole body 18F-FDG-
PET/CT studies, resulting in alterations of 
clinical stages and planned management. The 
whole body 18F-FDG-PET/CT also detected 
bone marrow metastasis in 1 patient with nega-
tive bone scan findings. Studies have shown 
that bone scan was insensitive to detecting bone 
marrow metastasis [18-19]. A higher sensitiv-
ity and accuracy of 18F-FDG-PET/CT for bone 
metastasis in patients with SCLC [20-21] and 
NSCLC, compared with bone scan, have also 
been reported [19,22]. If the bone metastasis 
is confined to the bone marrow, 18F-FDG-PET/
CT can detect early-stage changes before bone 
remodeling, which can be detected on bone 
scan [19]. Five patients had discordant adrenal 
glands findings between studies and their clini-
cal management was changed based on the 
PET/CT results. Integrated 18F-FDG-PET/CT 
had a reported sensitivity of 97%, a specificity 
of 94%, and an accuracy of 95% for differenti-
ating benign adrenal lesions from metastasis of 
lung cancer [23].

Small cell lung carcinoma often presents 

with mediastinal masses or lymph node con-
glomerates that mimic the presentation of some 
granulation diseases such as tuberculosis (TB), 
and they cannot be clearly distinguished. In our 
study, 5 patients received 18F-FDG-PET/CT and 
had a history of Mycobacterium tuberculosis 
infection before the diagnosis of SCLC. Taiwan 
is a TB-endemic area, and 18F-FDG-PET find-
ings of mediastinal lymphadenopathy may be 
confused with TB or other granulation diseases. 
The real prevalence of pulmonary TB in our 
study may be higher than that reflected in the 
recorded data. Pathological diagnosis of medi-
astinal lymphadenopathy is important to dis-
tinguish TB from malignancy. Compared with 
endobronchial ultrasound-guided transbronchial 
aspiration (EBUS-TBNA) for lung cancer pa-
tients, the use of 18F-FDG-PET for malignant 
diagnoses revealed low specificity (18.9%), a 
low positive predictive value (44%) and lower 
accuracy (47.4%) [24]. However, only 2 (4.8%) 
of the 43 lung cancer patients in the study had 
SCLC [24], and the accuracy of 18F-FDG-PET 
for lymph node (N) staging of SCLC in a TB-
endemic area may be questionable. Therefore, 
if the N stage was pivotal for the planning of 
therapy, pathologic survey of lymph nodes 
would be critically important. 

The brain is a common metastatic site of 
SCLC, but 18F-FDG-PET could identify only 
61% of brain metastases [25]. Small size brain 
lesions were difficult to detect by 18F-FDG-PET 
study [25], and different histological types of 
cerebral metastases may present with differ-
ent FDG accumulations [26]. Only 26.7% of 
metastatic brain lesions in SCLC were revealed 
as hypermetabolic, which is significantly lower 
than the 80% in NSCLC [26]. Hence, brain 
metastases in our SCLC patients were detected 
mainly by brain CT or MRI, not by 18F-FDG-
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PET/CT study.
Smoking results in direct DNA damage, 

followed by p53 mutation in lung cancers [27]. 
Squamous cell carcinoma and SCLC have been 
reported to be strongly associated with ciga-
rette smoking [28]. A smoking history has been 
identified as a significant poor prognostic fac-
tor in ED-SCLC [28], and female smokers with 
SCLC were also reported to have a higher mor-
tality risk than males [28]. In our study, a high-
er proportion of males (94.9%) than females 
(4.3%) had a smoking history, which differed 
from previously reported data from Taiwan [4]. 
Cox’s analysis showed that female patients did 
not have a statistically higher risk than males. 
This may have resulted from the lower propor-
tion of female patients and smoking population 
in general in our SCLC study. Although the 
pack-years of smoking between the 18F-FDG-
PET/CT and conventional staging groups were 
not statistically different, the duration of smok-
ing in the LD-SCLC subgroup was significantly 
longer in the PET/CT group. However, Cox’s 
multivariate analysis of smoking-related fac-
tors including duration, pack-years and smok-
ing cessation revealed no influence on overall 
survival. Accurate staging by PET/CT remained 
the most important contributing factor affecting 
LD-SCLC patient survival. 

In our study, 111 of the 117 patients had 
received standard therapy, i.e., chemotherapy 
for ED patients and CCRT for LD patients. Six 
LD patients received chemotherapy only. The 
median survival of LD and ED patients in the 
18F-FDG-PET/CT group in our study was 15.9 
and 9.3 months, respectively, which was better 
than previously reported data from Taiwan [4]. 
A cohort study in Taiwan between January 2004 
and December 2006 revealed that LD (28%) 
and ED (72%) SCLC patients had overall sur-

vival of 10.3 and 5.6 months, respectively [4]. 
The LD patients receiving CCRT had better 
survival, and the ED patients undergoing che-
motherapy had improved overall survival [4]. 
18F-FDG-PET/CT can provide more accurate 
staging followed by appropriate and adequate 
management, and our data supported the role of 
CCRT in improving the survival of LD-SCLC 
patients staged by 18F-FDG-PET/CT study. As 
for ED-SCLC patients, it was found that most 
could be accurately staged by conventional 
imaging methods (contrast CT and bone scan), 
but there were still 4 subjects (22%) among the 
18 SCLC patients who were staged initially as 
ED by conventional methods, but changed to 
LD after 18F-FDG-PET/CT study. All these data 
support the major impact of PET/CT on the ac-
curate staging of SCLC.

Thoracentesis was successfully performed 
28 times among 34 patients due to pleural ef-
fusion discovered by imaging studies. Only 10 
patients (8.54% of total) had malignant pleural 
effusion. All of the confirmed pleural effusions 
were located on the same side of the main tu-
mor, and the malignant pleural effusion results 
did not change the stage and management. One 
study including 116 SCLC patients confirmed 
by cytology showed a low proportion (n=12, 
10.3%) of malignant pleural effusion [29]. It 
was reported that for LD-SCLC patients with 
ipsilateral pleural effusion, completed chemo-
therapy may provide better long-term survival 
[30].

Although our study is a retrospective analy-
sis of prospectively recorded data, some of 
the clinical information and biochemical data 
was not collected. Therefore, some known risk 
factors and predictive factors that may influ-
ence survival could not be evaluated compre-
hensively. The number of patients enrolled for 
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analysis was also small, and may represent only 
a part of the SCLC patient population. In ad-
dition, we selected only those patients with an 
ECOG performance status 0-2 for study. The 
application of PET/CT for patients with a poor 
performance status (ECOG >2) and the impact 
on management decision-making as well as on 
survival and outcome were not evaluated. The 
distant metastases detected by 18F-FDG-PET 
and the discordant sites between studies were 
not confirmed by pathologic study, usually due 
to the difficulty in obtaining specimens. 

In conclusion, for limited-stage SCLC pa-
tients, the application of 18F-FDG-PET has a 
positive impact on accurate staging, appropri-
ate management and disease outcome. Further 
study is needed to evaluate the efficacy of 18F-
FDG-PET/CT in extensive-stage SCLC. In a 
TB-endemic area, the development of tracers 
other than 18F-FDG and specific to the biologi-
cal characteristics of SCLC is also warranted.
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全身正子攝影對於肺小細胞癌診斷分期與存活的影響

李適鴻　高國晉　何恭之 *　徐稟智　陳濘宏　楊政達　劉劍英

背景：肺小細胞癌具有快速生長及極易遠端轉移之特性，臨床將其分為 limited disease (LD) 及
extensive disease (ED)。治療差別在於 LD 需要同時放射線治療加化學治療，而 ED 單純化學治療。平均

存活時間 LD 是 10~14 月，ED 是 5.6~7 月。因此診斷分期的正確與否影響存活。在肺非小細胞癌診斷分 
期，正子攝影準確性高於傳統影像，對於遠端轉移更有其優異之處。近年來在肺小細胞癌診斷，正子攝影

已有越來越多的研究證實對遠端轉移更能有效診斷。希望透過本研究以了解正子攝影對於肺小細胞癌分期

與存活有何影響。

方法：找出自 2007 年 1 月至 2012 年 7 月的新診斷肺小細胞癌病患並符合以下條件者共 117 名：年

紀大於等於 18 歲，病理診斷未治療肺小細胞癌，Eastern Cooperative Oncology Group performance status  
(ECOG) 小於等於 2 分，並且完成至少 2 次標準化學治療。依接受正子攝影與否分為二組，再依最後診斷

分期為 LD 及 ED。並記錄病患流行病學資料、身體狀況、生化血液檢查、伴隨疾病（糖尿病、高血壓、

慢性阻塞性肺病、氣喘、癌症、心血管疾病、腦血管疾病、肺結核）、影像學檢查（胸部 X 光、胸腹電腦

斷層、腦部電腦斷層或核磁造影、骨頭攝影、正子掃描、胸部超音波）、病理學（切片病理學及細胞學檢 
查、肋膜積液細胞學檢查）、放射線治療、化學治療。Kaplan-Meier curve 及 log-rank test 來分析不同組別

間存活差異，Cox’s proportional hazards ratios 做單變項及多變項分析。

結果：經正子攝影檢查後，10 名病患由 LD 改變為 ED，而 4 名由 ED 改變為 LD。經正子攝影分期

為 LD 病患比起傳統診斷工具診斷為 LD 病患有較長的存活（15.9±14.2 月 VS 9.5±6.0 月；HR: 2.672；log-
rank test p=0.0247）但是對於 ED 病患，二者之間並無顯著差異（9.3±4.6 月 VS 10.1±8.2 月；HR: 0.968; 
log-rank test p=0.9080）。

結論：正子攝影對於 LD 肺小細胞癌病患分期與預後較具有影響，但對於 ED 肺小細胞癌影響不顯 
著。( 胸腔醫學 2014; 29: 127-143)

關鍵詞：肺小細胞癌，正子攝影，電腦斷層，骨頭掃瞄，整體存活
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索取抽印本請聯絡：劉劍英醫師，林口長庚紀念醫院　胸腔內科，333 桃園縣龜山鄉復興街 5 號



144

Thorac Med 2014. Vol. 29 No. 3

Predicators of Pulmonary Tuberculosis in Patients 
with Sputum Smear-Negative Results in Taiwan

Wei-Li Lien, Shu-Ling Chen*, Hui-Min Hsu*, Chun-Hui Yu*, Mei-Fang Chen**

Introduction: Early identification of persons who have pulmonary tuberculosis (PTB) 
is necessary to provide early therapy and overall control. However, 25-60% of patients with 
culture-positive PTB may have negative smears, which delay the diagnosis. The aim of this 
study was to identify the predictors of PTB in patients that were sputum smear-negative. 

Methods: This study was conducted at Kaohsiung Municipal United Hospital in southern 
Taiwan using a case-control design. In a retrospective review of hospital records, this study 
identified 516 suspected PTB patients who had 3 initial negative sputum smear samples from 
January 1, 2006 to December 30, 2009. We analyzed the factors, including demographic 
data, clinical symptoms, history of chronic diseases or taking medications, and radiographic 
findings to predict whether the patient had PTB or not.

Results: Multiple logistic analysis showed that significant predictors of PTB were cough 
(AOR=1.88, p=.022), hemoptysis (AOR=3.67, p=.001), diabetes (AOR=4.30, p<.001) and 
typical CXR findings (AOR=17.97, p<.001; AOR=0.38, p=.003).

Conclusion: This study revealed likely reliable predictors of smear-negative PTB. These 
results could provide a reference for physicians to provide an earlier and more precise 
diagnosis and treatment of PTB. (Thorac Med 2014; 29: 144-151) 

Key words: pulmonary tuberculosis, sputum smear, diabetes, cough, hemoptysis, CXR

Department of Internal Medicine, Kaohsiung Municipal United Hospital; *Department of Nursing, Kaohsiung 
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Introduction

Pulmonary tuberculosis (PTB) is 1 of the 
most important health problems and infectious 
diseases in the world. Early identification of 
persons who have PTB is necessary to provide 
early therapy and overall control. However, 25-
60% of patients with culture-positive PTB may 
have negative smears [1]. Patients with smear-
negative PTB are responsible for about 13% of 

TB transmission [2]. Providing a prompt diag-
nosis of smear-negative PTB is a difficult task.

The majority of initial diagnoses of smear-
negative PTB is usually based on clinical and 
chest radiographic (CXR) findings and individ-
ual judgment. However, the misdiagnosis rates 
have been estimated to be as high as 35% to 
52% [3]. Diagnostic sensitivity in patients with 
smear-negative PTB may improve with nucleic 
acid amplification (NAA) tests, computed to-
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mography (CT) of the chest and fiberoptic bron-
choscopy with bronchoalveolar lavage (BAL) 
and lung biopsy. But, which patients are candi-
dates for these examinations? We tried to iden-
tify the predictors based on demographic, clini-
cal, and radiographic findings and risk factors, 
or a combination of these factors from smear-
negative PTB to aid physicians in evaluating 
the likelihood of PTB. The principal aim of this 
study was to develop a prediction model for pa-
tients who need further aggressive interventions 
and avoid the adverse consequences of delayed 
treatment or missed treatment in patients with 
smear-negative PTB.

Methods

Design and sample
This study was conducted at Kaohsiung 

Municipal United Hospital in southern Taiwan 
using a case-control design. In a retrospective 
review of hospital records, this study identified 
516 suspected PTB patients who had 3 initial 
negative sputum smear samples from January 
1, 2006 to December 30, 2009. All patients had 
a medical chart with an outpatient department 
(OPD) note, microbiology results, and CXR in-
terpretation by a board-certified radiologist and 
physician. The researchers carried out a review 
to obtain complete data on each patient. 

In accordance with published experience 
[4-5], the researchers recorded risk factors for 
TB infection, including age, sex, and tobacco 
use. Clinical information recorded included the 
presence of fever, cough, sputum, body weight 
loss, hemoptysis, and other comorbidities asso-
ciated with TB, cancer, diabetes, cerebral vas-
cular accident (CVA) or steroid use, and Radio-
graphic findings (Figure 1). The chart reviewer 
was blinded to the sputum-culture status of the 

patient. We categorized the CXR findings into 3 
groups - typical, atypical and normal CXR pre-
sentations. Culture results and the initial smear 
interpretation of each sputum sample were 
verified. The study was performed with the ap-
proval of the hospital ethics committee. 

Data analysis
Data were analyzed using SPSS/PC software 

Version 13.0. Descriptive statistics were used 
to describe the patients overall. For univariate 
analysis, a chi-square test was performed to in-
vestigate relationships between characteristics, 
variables and PTB. All p-values were 2-tailed 
and the a priori significance level was set as 
p<.05. All significant characteristic variables 
were entered into a multiple logistic regression 
model. The reference category was “no PTB”. 
All characteristics from the multiple logistic re-
gression analysis with a p-value <.05 were used 
to construct the logistic regression model.

Results

Demographic, clinical symptoms, history of 
chronic diseases or taking medications and ra-
diographic findings 

Of the 516 patients, 143 (27.61%) had PTB, 
and 373 (72.29%) did not. The clinical symp-
toms of the patients in the PTB and no-PTB 
groups differed significantly in terms of fever 
(p<.001), cough (p<.001), hemoptysis (p=.034), 
cancer (p=.003), diabetes (p<.001), CVA 
(p<.001) and CXR findings (p<.001) (Table 1). 
Compared with patients in the no-PTB group, 
patients in the PTB group were more likely to 
have fever, cough, and hemoptysis, an underly-
ing disease like cancer, diabetes, and CVA, and 
typical CXR findings.
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Odds ratios for culture-positive PTB by patient 
demographics, clinical symptoms, and CXR

Multiple logistic analysis indicated that sig- 
nificant predictors of PTB were cough (AOR= 
1.88, p=.022), hemoptysis (AOR=3.67, p=.001), 
diabetes (AOR=4.30, p<.001) and typical CXR 
findings (AOR=17.97, p<.001; AOR=0.38, p= 
.003) (Table 2). The best predicator of smear-
negative PTB was typical CXR findings (AOR= 
17.97, p<.001).

Discussion

In Taiwan, the incidence of TB was about 
57/100,000 persons in 2010. Taiwan is a high 

incidence area for TB, and microscopic exami-
nation of sputum smear samples is often the 
most common diagnostic test for TB. However, 
patients with smear-negative TB do not receive 
a diagnosis in a timely manner; in these cases, 
the disease may develop further, initiation of 
treatment may be delayed, and further TB trans-
mission may occur [6]. Patients with smear-
negative TB include approximately one-quarter 
as many cases of TB as do patients with smear-
positive TB, and are responsible for 10-20% of 
transmission [7]. Light microscopy can detect 
mycobacteria at a minimum density of 5000-
10000 bacilli per ml of sputum, but only a few 
organisms in smear-negative PTB are infectious 

Fig. 1.  Identifying Pulmonary Tuberculosis in Patients in Taiwan with Sputum Smear-Negative Results
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[8-9]. In spite of this, their overall contribution 
to disease transmission is considerable.

In this study, we attempted to determine 
useful predictors in smear-negative PTB pa-
tients. We found that cough (adjusted OR 1.88) 
and hemoptysis (adjusted OR 3.67) were posi-

tive predictors of clinical symptoms, and dia-
betes (adjusted OR 4.3) was the most important 
underlying disease for the prediction of smear-
negative culture-positive PTB. In addition, the 
typical CXR presentation was the most reliable 
for predicting smear-negative culture-positive 

Table 1.  Bivariate analysis of associations of PTB with patient demographics, clinical symptoms, history of chronic diseases or taking medications 
and radiographic findings (n=516)

PTB(-) (n=373) PTB(+) (n=143) p value
Number (%) Number (%)

Age  ≥65   87 (23.3)   34 (23.8) .908
<65 286 (76.7) 109 (76.2)

Sex Female 127 (34.0)   49 (34.3) .521
Male 246 (66.0)   94 (65.7)

Tobacco Yes   72 (19.3)   33 (23.1) .392
No 301 (80.7) 110 (76.9)

Fever Yes   34 (9.1)     0 (0.0) <.001*
No 339 (90.9) 143 (100)

Cough Yes 107 (28.7)   65 (45.5) <.001*
No 266 (71.3)   78 (54.5)

Productive cough Yes   41 (11.1)   13 (9.1) .318
No 330 (88.9) 130 (90.9)

BWL Yes   25 (6.7)   15 (10.5) .108
No 347 (93.3) 128 (89.5)

Hemoptysis Yes   28 (7.5)   19 (13.3) .034*
No 345 (92.5) 124 (86.7)

Cancer Yes   13 (3.5)   15 (10.5) .003*
No 360 (96.5) 128 (89.5)

DM Yes 201 (54.2) 120 (84.5) <.001*
No 170 (45.8)   22 (15.5)

CVA Yes   60 (16.1)   44 (30.8) <.001*
No 313 (83.9)   99 (69.2)

Steroid use Yes   34 (9.1)   18 (12.6) .156
No 339 (90.9) 125 (87.4)

CXR Typical   14 (3.8)   73 (51.0) <.001*
findings Atypical 165 (44.2)   17 (11.9)

Normal 194 (52)   53 (37.1)
Abbreviations: BWL, body weight loss; DM, diabetes; CVA, cerebral vascular accident; CXR, chest x-ray
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PTB (adjusted OR 17.97).
The typical radiographic pattern of PTB is 

apical or upper lobe infiltrates or cavities. As we 
found, the best predictor of smear-negative TB 
is a typical CXR presentation. Atypical CXR 
findings, such as a lobar consolidation or a dif-
fuse pattern (adjusted OR 0.38, p=.003) would 

Table 2.  Odds ratios for culture-positive PTB by patient demographics, clinical symptoms, history of chronic diseases or taking medications and 
radiographic findings (n=516)

Determinants Adjusted OR 95% CI p value
Age  ≥65 1.60 0.34-1.08 .091

<65 1
Sex Female 1.11 0.63-1.93 .726

Male 1
Tobacco Yes 1.19 0.62-2.29 .594

No 1
Cough Yes 1.88 1.09-3.22 .022*

No 1
Productive cough Yes 1.39 0.55-3.46 .486

No 1
BWL Yes 1.06 0.43-2.64 .903

No 1
Hemoptysis Yes 3.67 1.66-8.10 .001*

No 1
Fever Yes 0 0 .998

No 
Malignancy Yes 2.30 0.85-6.20 .099

No 1
DM Yes 4.30 2.28-8.10 <.001*

No 1
CVA Yes 1.34 0.72-2.49 .360

No 1
Steroid use Yes 1.23 0.52-2.93 .636

No 1
CXR findings Typical 17.97 8.87-36-41 <.001*

Atypical 0.38 0.20-0.72 .003*
Normal 1

Abbreviations: BWL, body weight loss; DM, diabetes; CVA, cerebral vascular accident; CXR, chest x-ray

most likely be another pulmonary disease pro-
cess such as pneumonia, pulmonary fibrosis or 
pulmonary edema, rather than PTB.

Several studies have discussed the use of 
diagnostic tests to improve diagnostic sensitiv-
ity for patients with suspected smear-negative 
PTB. NAA tests have been arranged for patients 
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with suspected smear-negative PTB for a long 
time. However, the amplicor assay does not of-
fer an advantage over the empirical approach 
[10]. Hence, we do not recommend the use 
of amplicor assay in the routine diagnosis of 
smear-negative PTB.

Some studies have advocated the use of fi-
beroptic bronchoscopy in the diagnosis of PTB 
[11-12]. However, bronchoscopy is expensive, 
uncomfortable for the patient, relatively risky 
and insensitive. Mohan et al. compared BAL 
with empirical treatment and concluded that 
presumptive treatment is more cost-effective 
[13].

Cigarette smoking was not associated with 
smear-negative PTB in this study. This result is 
compatible with those of most studies that re-
ported a negative correlation [14]. Only 1 study 
showed that current cigarette smoking was 
strongly associated with PTB [15]. However, 
smoking has been reported to be associated 
with an increased risk of developing TB disease 
[16], a slow healing process, delayed sputum 
conversion [17], and a high death rate [18].

Knowing how to make an adequate pre-
diction and correct decision for patients with 
suspected active, smear-negative PTB whose 
culture specimens ultimately prove to be posi-
tive is very important. A precise prediction 
and decision may avoid adverse consequences. 
Withholding treatment for patients with true 
PTB may lead to infection of others in the com-
munity, but overestimating the condition and 
treatment of patients without PTB may leave 
them exposed unnecessarily to possible drug 
toxicity. Thus, a decision to treat may or may 
not implicate a public health effect [19-21].

The findings in our study can be used by 
physicians as a simple guide for clinical prac-
tice regarding smear-negative PTB. However, a 

limitation of this study may be that these find-
ings are localized to 1 hospital only. It is un-
clear whether these results are suitable for the 
whole country or not. Further studies are neces-
sary to confirm our results in cohorts of patients 
in different hospitals.

In summary, empirical judgment with re-
gard to smear-negative PTB may be a more 
practical method than the amplicor assay or 
bronchoscopy. Our study results may be help-
ful in providing physicians with more reliable 
information on making an earlier definitive 
diagnosis of smear-negative cases to improve 
clinical treatment and public health outcomes.

Conclusion

In conclusion, this study revealed the likely 
reliable predictors of smear-negative PTB, 
which include cough, hemoptysis, diabetes and 
typical CXR findings. These results could pro-
vide a reference for physicians in making an 
earlier and more precise diagnosis and decision 
on treatment.
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台灣痰抹片陰性肺結核患者的預測因子

連偉立　陳淑玲 *　許慧敏 *　余春慧 *　陳美芳 **

背景：早期診斷肺結核患者可以提供早期治療與整體控制。然而，有 25-60% 痰培養陽性患者剛開始

的痰抹片為陰性而延遲診斷時間。本研究目的為確定在痰抹片陰性患者罹患肺結核之預測因子。

方法：採病例對照法，在南台灣高雄聯合醫院收案。採回朔性研究法，從 2006 年 1 月 1 日至 2009
年 12 月 30 日，收取 516 位初次三套痰抹片為陰性的疑似結核病個案。分析因子包括人口學變項、臨床症 
狀、慢性疾病或藥物使用與影像學檢查來預測是否為肺結核。

結果：多因素邏輯式回歸分析發現肺結核之預測因子包括咳嗽（AOR=1.88, p=.022），咳血（AOR=3.67, 
p=.001），糖尿病（AOR=4.30, p<.001）與典型胸部 X 光（AOR=17.97, p<.001; AOR=0.38, p=.003）。

結論：本文提供痰抹片陰性肺結核患者之預測因子。這結果可供醫師提早診斷與治療肺結核的參考。

( 胸腔醫學 2014; 29: 144-151)
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Pulmonary Adenofibroma: A Rare Presentation of a 
Benign Lung Nodule – A Case Report

Yen-Zu Huang*, Kuo-An Chu*, Ting-Yung Ou*, Kuan-Sheng Wu**,
Ting-Ying Fu***, Ruay-Sheng Lai*,****

Pulmonary adenofibroma is a rare primary benign mesenchymal lung tumor that has been 
seldom reported in the currently available literature. Unusual lung tumors constitute a broad 
range of histological types that unsurprisingly have a wide spectrum of imaging appearances 
and clinical presentations. Herein, we report a 60-year-old male who complained of low-
grade fever and general malaise, and was tentatively diagnosed as having acute hepatitis 
and pleural effusion, accompanied with the incidental finding of pulmonary nodule on chest 
computed tomography (CT), which was ultimately diagnosed as pulmonary adenofibroma. 
The initially challenging frozen section reading raised the suspicion of malignancy, but 
ultimately the diagnosis was revised to benign pulmonary adenofibroma. This case can 
increase our awareness of this extremely rare benign lesion in the future. (Thorac Med 2014; 
29: 152-159) 

Key words: adenofibroma, benign pulmonary tumor, frozen section, pulmonary nodule
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Introduction

Primary mesenchymal tumors of the lung 
are rare, with an incidence of less than 1% of 
all primary lung tumors according to the cur-
rent literature [1], and often resemble their soft 
tissue counterparts. Adenofibroma is a mixed 
biphasic tumor with glandular and fibrous 
proliferation. Most adenofibromas have been 
reported in the ovary and breast. Pulmonary 
adenofibroma is an even rarer type of benign 
soft-tissue tumor that comprises epithelial and 

stromal components, both of which are histo-
logically benign, and resembles adenofibroma 
of the female genital tract. To the best of our 
knowledge, only a few cases of pulmonary ad-
enofibroma have been formally reported to date 
[2-3]. Because of the rarity and incidental find-
ing of this tumor with its unusual histologic ap-
pearance, we face a diagnostic challenge in dis-
tinguishing this pulmonary nodule from malig-
nancy. Herein, we report the case of a middle-
aged male who initially presented with dyspnea 
on exertion as well as cough-related pain in 
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the right subcostal region. During a later imag-
ing survey for differential diagnosis during the 
patient’s hospitalization, we incidentally noted 
the abnormal chest CT finding of a pulmonary 
nodule that was ultimately pathologically di-
agnosed as pulmonary adenofibroma. Clinical 
suspicion in this case increased our awareness 
of this rare benign lesion.

Case Report

A 60-year-old male presented with the com-
pliant of low-grade fever with general malaise 
and poor appetite for the past 1 week, associat-
ed with cough-related pain in the right subcostal 
region. The patient had been a social cigarette 
smoker for less than 5 years as a teenager and 
had quit smoking decades earlier. He had never 
experienced such discomfort before this epi-
sode, and he sought medical assistance at an-
other hospital due to intractable cough-related 
chest pain with a persistent low-grade fever. He 
was referred to our hospital for further evalua-
tion and management with the following initial 
vital signs: body temperature, 37.6°C; heart 
rate, 82 beats/min; respiratory rate, 18 breaths/
min; and blood pressure, 120/72 mmHg. His 
illness history showed that he had initially suf-
fered from poor appetite and easy satiety with 
normal defecation approximately 5 days earlier, 
followed by a low-grade fever and diarrhea 
along with dry cough for 2 days and eventual 
right subcostal region pain. His pain was dull 
in nature, but included intermittent sharp sensa-
tions without obvious radiation that worsened 
with deep breathing. There was no evidence of 
hereditary disease in his extended family or in 
the traceable recent cluster and travel history. 

Physical examinations revealed the follow-
ing: clear breathing sounds in the bilateral lung 

fields, but a rough, scratchy friction rub with 
basal crackles in the right lower chest, as well 
as local tenderness without rebounding pain at 
the right upper abdominal quadrant. In addition, 
normal active bowel sounds and a lack of skin 
discoloration, edematous changes in the lower 
extremities, and palpable lymph nodes were 
noted.

Laboratory examinations revealed a white 
blood cell (WBC) count of 5700/mm3 with 
a predominant neutrophil count (87%), and 
abnormal liver function with glutamate oxalo-
acetate transaminase (GOT)/glutamic pyruvic 
transaminase (GPT) of 311/181 U/L, and an in-
ternational normalized ratio of 1.19. Urine and 
stool analyses revealed no specific finding.

No prior imaging studies were available 
for comparison. Chest radiography at presenta-
tion showed right costophrenic angle blunting, 
apical pleural thickening, prominent bilateral 
hilar vascular shadows with pulmonary vas-
cular redistribution, and bilateral lower lung 
field reticulonodular infiltration (Figure 1). We 
performed an echocardiogram as well as chest 
and abdominal ultrasounds, and then a diagnos-
tic thoracocentesis followed by closed drain-
age of the patient’s pleural effusion. No space-
occupying lesion of the liver parenchyma or 
biliary tract dilatation were found. We observed 
preserved left ventricular systolic function with 
an estimated left ventricular ejection fraction of 
68% in the absence of cardiac chamber dilata-
tion. Besides, mild pulmonary regurgitation, 
moderate mitral valve regurgitation and mild 
tricuspid valve regurgitation with an estimated 
pulmonary artery systolic pressure of approxi-
mately 37 mmHg were mentioned in the echo-
cardiogram report. The pleural fluid was found 
to be exudative in nature with a predominance 
of lymphocytes, (lactate dehydrogenase: 488 U/
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L; protein: 3.2 g/dL; sugar: 98 mg/dL; WBC: 
2140/mm3; RBC: 10000/mm3; differential 
neutrophil/lymphocyte/monocyte count ratio: 
1/92/7). Hepatitis markers, including hepatitis 
A IgM antibody, hepatitis B surface antigen, 
antibody to hepatitis B surface antigen and IgM 
antibody to hepatitis C virus were screened with 
negative findings. 

Under supportive care, the patient’s consti-
tutional symptoms greatly improved with the 
exception of a mild cough. We then performed 
sputum analysis and culture with no positive 
findings. We repeated the laboratory examina-
tion, and a series of liver function tests with 
GOT/GPT revealed a decreasing trend toward 
normal serum values. The follow-up CXR 
revealed a sharp costophrenic angle after re-
moving the pigtail drainage. In this situation, 
our tentative diagnosis became acute hepatitis 
with reactive right-side pleural effusion, which 
was suspected to be related to viral infection; 
the differential diagnosis was acute hepatitis 
combined with a lymphocyte-predominant exu-
dative pleural effusion of unknown etiology, 

which was suspected to be related to pulmonary 
tuberculosis with pleurisy or to malignancy. 
Chest CT scan revealed a 1-cm nodule with a 
well-defined and smooth margin at the right up-
per lobe (Figure 2A) without mediastinal lymph 
node enlargement, and focal ground glass opac-
ity at the right lower lung field with minimal at-
electasis (Figure 2B), likely due to the previous 
pleural effusion. We could not confidently de-
fine this incidental finding of a nodule as a soli-
tary pulmonary nodule (SPN) due to the exis-

Fig. 1.  Chest radiography: right costophrenic angle blunting.

Fig. 2A.  Axial view of chest CT scan (mediastinal window): a 1-cm 
nodule with a well-defined and smooth margin at the right upper lobe

Fig. 2B.  Coronal view of chest CT scan (lung window): focal 
ground glass opacity at the right lower lung field with minimal 
atelectasis
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tence of the not fully explained pleural effusion. 
We assessed the probability of malignancy, the 
surgical risk and the patient’s preference, and 
then consulted the chest surgeon for thoraco-
scopic right upper lobe nodule wedge resection 
and pleural biopsy. 

After discussing the possible etiology of 
the right upper lobe nodule with the patient, he 
agreed to go ahead with the diagnostic surgical 
intervention. The frozen section of the exci-
sional biopsy of the wedge resection was origi-
nally reported to comprise a gray-white tissue, 
measuring 1.1 × 1.0 × 0.3 cm, that was indica-
tive of adenocarcinoma, as it contained clusters 
of moderately differentiated neoplastic cells in 
acinar and focal papillary patterns. Later, the 
final pathological report was revised to indicate 
a benign adenofibrous lesion, because a further 
large specimen had shown well-circumscribed 
features without local tissue invasion. The sub-
mitted wedge resection specimen consisted of 
1 piece of tissue measuring 5.3 × 2.2 × 1.5 cm 
in size with a white tumor that measured 1.1 × 
0.8 × 0.7 cm, and was 0.7 cm distant from the 
cut end. Hematoxylin and eosin (H&E) stain of 
the tumor revealed a well circumscribed but not 
encapsulated lesion composed of a proliferation 
of bland-looking epithelial cells and stroma in 
cleft-like and glandular patterns (Figure 3A). 
No mitoses, necrosis or cytologic atypia was 
observed (Figure 3B). The immunohistochem-
istry (IHC) stain of the lining epithelial cells 
was positive for thyroid transcription factor-1 
(TTF-1) and high molecular weight cytokera-
tin (HMCK), and focally positive for p63. The 
IHC stain of the tumor cells was negative for 
cytokeratin 5/6 (CK 5/6), and the IHC stain of 
the stroma was positive for desmin and smooth 
muscle actin (SMA) (Figure 3C), consistent 
with the presence of smooth muscles (Figure 

3D). The lesion met the diagnostic criteria of 
pulmonary adenofibroma with a smooth muscle 
component. In addition, the pleura excisional 
biopsy comprised 5 pieces of gray-white soft 
tissue, measuring up to 2.1 × 1.2 × 0.2 cm, 
indicating mesothelial cell hyperplasia, acute 
and chronic inflammatory cell infiltration and 
fibrosis. Granuloma was not present. Neither 
mycobacteria nor fungi could be identified with 
the acid-fast and PAS stains. The TTF-1 stain 
result was negative and there was no evidence 
of malignancy in the examined sections. 

Fig. 3A.  H&E stain X20: well-circumscribed papillary structures 
lined with a layer of simple cuboidal epithelium.

Fig. 3B.  H&E stain X400: the epithelium lining the gland-like 
spaces is bland and devoid of cytologic atypia
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Discussion

Pulmonary nodules [4-7] are an important 
problem in our daily practice. Estimates of their 
frequency range from 0.2% in older studies 
using chest radiography to approximately 40-
60% in lung cancer screening trials using low-
dose CT [8-11]. Possible causes of pulmonary 
nodules include many benign diseases, but the 
primary concern is bronchogenic carcinoma. 
Unusual lung tumors constitute a broad range 
of histological types that unsurprisingly have a 

spectrum of imaging appearances [12-13]. 
Pulmonary adenofibroma is a very rare be-

nign tumor that appears on chest radiograph as 
a SPN, a well-defined soft-tissue nodule that 
is detected incidentally in middle-aged adults. 
The most common causes of benign SPN were 
healed or nonspecific granulomas, which ac-
count for 25% of all benign nodules. Another 
15% of benign nodules were caused by active 
granulomatous infections, including tuber-
culosis, coccidioidomycosis, histoplasmosis, 
cryptococcosis, and aspergillosis. Hamartomas 
comprised an additional 15% of benign lesions. 
Less common miscellaneous causes of benign 
nodules included nonspecific inflammation 
and fibrosis, lung abscesses, round pneumonia, 
round atelectasis, bronchogenic cysts, healed 
pulmonary infarcts, focal hemorrhages, heman-
giomas, and arteriovenous malformations. The 
border characteristics of a nodule in CT imag-
ing can also be used to help estimate the prob-
ability of malignancy. Nodules with irregular, 
lobulated, or spiculated borders are associated 
with a progressively higher probability of ma-
lignancy than those with a smooth border [14]. 
Furthermore, nodules with a purely ground-
glass or semisolid appearance have a higher 
probability of malignancy than purely solid 
lesions [15]. Benign calcification patterns (dif-
fuse, central, laminated, or popcorn patterns) 
and intranodular fat density are associated with 
an extremely low probability of malignancy. 
Stippled and eccentric calcification patterns do 
not exclude malignancy, and thus further work-
ups are required.

Adenofibroma is a mixed biphasic benign 
tumor with glandular and fibrous proliferation. 
Most adenofibromas have been reported in the 
ovary and breast. Even rarer cases of uterine en-
dometrium adenofibroma [16], uterine cervical 

Fig. 3C.  SMA IHC stain of X200: the stroma is positive for desmin 
and SMA, consistent with the presence of smooth muscles.

Fig. 3D.  H&E stain X200: spindle stromal cells show a fascicular 
pattern of growth with focal presence of smooth muscle cells.
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adenofibroma [17], paratesticular adenofibroma 
[18], biliary adenofibroma of the liver, and pul-
monary adenofibroma have been formally re-
ported, but to the best of our knowledge, these 
are extremely rare in the current literature. To 
make the diagnosis of pulmonary adenofibroma, 
there should be a histological finding of domi-
nant pseudopapillae covered by bland cuboidal 
epithelium and bland spindle cell-rich sclerotic 
stroma, as well as findings of positive cytokera-
tin and TTF-1 epithelium stains and negative 
cytokeratin and S-100 stroma stains. 

With regard to our patient, the initial report 
from the frozen section obtained during intra-
operative sampling was adenocarcinoma, mod-
erately differentiated; however, the final report 
was revised after the larger specimen was sam-
pled and the examination was completed. We 
attempted to determine the possible cause of 
such an extreme difference, and concluded that 
careful specimen sampling with an adequate 
margin from the cut end and delicate high-
power field reading with a better resolution are 
crucial when diagnosing this rare benign tumor. 

Pulmonary nodules are frequently first diag-
nosed by frozen section, immediately followed 
by lobectomy or other procedures. The frozen 
section diagnoses of pulmonary nodules can be 
difficult, since inflammatory and fibrotic lesions 
can be confused with malignancies, thus creat-
ing intraoperative dilemmas for pathologists 
and thoracic surgeons [19]. The discrepancies 
between the frozen section and the permanent 
section were mainly due to the interpretation er-
ror, and sampling errors and technical artifacts, 
and partly due to a lack of interdepartmental 
communication. The causes of the false positive 
diagnosis were the interpretation error and the 
unavoidable freezing artifacts. The sampling 
error was the main reason for the false nega-

tive diagnosis. In a few cases, the diagnosis has 
been deferred to the permanent section, mainly 
due to a lack of adequate clinical information 
and inadequate material. In our case, delicate 
structures such as ciliated epithelial cells devoid 
of cytologic atypia, which were not definitively 
observed in the frozen section due to freezing 
artifacts, were identified in the permanent sec-
tion, and thus the final pathological report was 
revised to a benign adenofibrous lesion. 

In summary, advanced imaging modalities 
combined with clinical information and histo-
pathological findings assisted by IHC staining 
are still needed for the definite diagnosis. Ade-
quate preoperatively diagnostic imaging-guided 
or intraoperative sampling with careful readings 
may facilitate diagnoses and decisions regard-
ing whether to perform major surgery. Finally, 
pulmonary adenofibroma should be taken into 
consideration when encountering a lung tumor 
that comprises bland stromal and epithelial cells 
in the microscopic examination, and should be 
carefully distinguished from pulmonary harm-
artoma, leiomyoma, pulmonary blastoma, intra-
pulmonary solitary fibrous tumor, and metasta-
ses from soft tissue and visceral sarcoma.
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肺腺纖維瘤：罕見良性肺部結節－病例報導

黃彥儒 *　朱國安 *　歐亭芸 *　吳冠陞 **　傅婷瑛 ***　賴瑞生 *,****

肺腺纖維瘤是一種非常罕見的良性間葉細胞瘤，在目前的文獻資料庫裡只有極少數的臨床病例報告。

不常見的肺部腫瘤由各種不同組織型態的細胞所構成，也會有不同的影像學表徵以及臨床表現。我們報導

了一位六十歲男性以輕微發燒及全身倦怠就診，初步理學檢查及配合實驗室和影像學診斷為急性肝炎及右

側肋膜積液，肋膜積液抽吸檢查顯示淋巴細胞為主的滲出液；進一步安排胸部電腦斷層檢查發現右上肺一

個邊緣清楚的結節。經手術取得檢體冰凍切片初步報告為中度分化的肺腺癌，然而最終病理報告修正為良

性腫瘤。藉由此病例報告讓臨床醫師增加對此良性肺腫瘤的了解。( 胸腔醫學 2014; 29: 152-159)

關鍵詞：腺纖維瘤，良性肺腫瘤，冷凍病理切片，肺結節
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Pulmonary Actinomycosis Presenting as a Lung Mass 
Crossing the Fissure – A Case Report

Ming-Syong Zeng, Shih-Hsin Hsiao, Chi-Li Chung

Pulmonary actinomycosis, a rare bacterial lung infection, usually presents with 
nonspecific clinical symptoms and radiological patterns and is prone to being a delayed 
diagnosis or misdiagnosed as malignancy, tuberculosis, or pneumonia. We report a 59-year-
old man who suffered from chronic, repeated hemoptysis. The chest radiograph and CT 
image revealed a left upper lung mass that extended across the major fissure into the left 
lower lobe. A CT-guided biopsy of the lung mass was done and revealed acute and chronic 
inflammation. The hemoptysis symptom and the lung lesion persisted despite short courses of 
empirical antibiotic treatment. Therefore, surgical resection was performed and the pathology 
showed a lung abscess with “sulfur granules”, a finding pathognomonic of actinomycosis. The 
patient received amoxicillin/clavulanate for 8 months with complete relief of symptoms and 
no recurrence of lung infiltrates. This case report reminds us that, in addition to malignancy, 
tuberculosis, nocardiosis and fungal infection, actinomycosis should be included in the 
differential diagnosis of a lung lesion crossing the fissure, in order to provide prompt diagnosis 
and treatment. (Thorac Med 2014; 29: 160-165) 

Key words: actinomycosis, crossing the fissure, sulfur granule
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Introduction

Actinomycetes, a Gram-positive, filamen-
tous, predominantly anaerobic, prokaryotic 
bacteria, is conspicuous among normal flora 
in the oral cavity and gastrointestinal tract and 
can infect virtually every organ or body site in 
humans [1]. Actinomycosis in humans has been 
well known since the 19th century, but is now 
a rare disease with low mortality [2]. However, 
patients with either a delayed or missed diag-

nosis of actinomycosis may have considerable 
morbidities, signifying the importance of early 
and accurate diagnosis of this disease [1]. 

Up to 15% of the infections caused by 
Actinomycetes generally involves the thorax, 
and probably results from aspiration of this 
microorganism from the oropharyngeal cavity 
or from the gastrointestinal tract [2]. Clinical 
presentations and radiological findings are both 
nonspecific and vary widely among individu-
als [1]. Therefore, pulmonary actinomycosis is 
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likely to be misdiagnosed as malignancy, tuber-
culosis, fungal infection or lung abscess, and 
the average duration of illness before definitive 
diagnosis is about 6 months [3].

Herein, we report the case of a patient with 
pulmonary actinomycosis who presented with 
intermittent hemoptysis for a long period and a 
mass lesion crossing the lung fissure.

Case Report 

A 59-year-old man with a history of diabe-
tes mellitus had intermittent cough with blood-
tinged sputum for 1 year and a long-standing 
left lung infiltrate. In February 2011, he was 
admitted to our hospital with worsened hemop-
tysis. He did not have a history of smoking, 
drinking, animal contact, or foreign travel. Also, 
his family history was not contributory. On 
physical examination, he had clear conscious-
ness and was not in apparent distress. His vital 
signs and oxygen saturation were as follows: 
body temperature, 36.6°C; pulse rate, 84 beats/
minute; blood pressure, 126/77 mmHg; respira-
tory rate, 20 breaths/minute; and O2 saturation, 
99% in room air, respectively. No specific ab-
normality was detected by physical examination 
except extensive dental caries.

The results of blood tests, including com-
plete blood count, coagulation, electrolytes, 
liver function, renal function and tumor mark-
ers, were all within the reference range. Only 
normal pharyngeal flora was cultured from his 
sputum, and sputum acid-fast staining and cul-
ture for Mycobacterium were negative. Serial 
imaging studies, including chest radiographs 
and a computed tomography (CT) scan of the 
chest (Figure 1), revealed a mass-like lesion 
with a diameter of 5.2 cm at the widest portion, 
located in the left upper lobe (LUL). This lesion 

not only invaded the visceral pleura but also 
crossed the major fissure into the left lower lobe 
(Figure 1B), a radiological finding suggestive of 
malignancies, tuberculosis or other uncommon 
infections.

To explore the etiology of the mass-like le-
sion, we performed bronchoscopy and found 
that there were some blood clots but no other 
obvious lesions within the bronchial trees. In 
addition, CT-guided biopsy of the lung mass 
was performed and the pathology revealed 
acute and chronic inflammation, without evi-
dence of malignancy, granulomatous inflamma-
tion or any specific microorganisms. Thus, em-
pirical antibiotics were administered during his 
hospitalization and follow-up at the outpatient 
department. However, the symptom of hemop-
tysis did not improve completely after multiple 
courses of 1-2 weeks of oral amoxicillin 500 
mg every 6 hours, and serial follow-up chest 
radiographs showed no resolution of the lesion.

Therefore, to exclude the possibility of lung 
malignancy, the patient underwent LUL lobec-
tomy and left lower lobe (LLL) wedge resec-
tion in June 2011. A 5 × 4 × 3 cm tumor located 
mainly in the LUL, crossing the major fissure 
and extending to the superior segment of the 
LLL was found (Figure 2A). The histological 
examination revealed an abscess formation with 
some actinomyces-like “sulfur granules” within 
the mass lesion (Figure 2B), and the Gram 
staining demonstrated clusters of radiated, fila-
mentous, Gram-positive microorganisms. As 
a result, pulmonary actinomycosis was diag-
nosed.

The patient received treatment for his dental 
caries and an 8-month course of oral amoxi-
cillin/clavulanate 1 g every 12 hours for pul-
monary actinomycosis. The chest radiograph 
obtained 5 months after treatment revealed 
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residual fibrosis at the left lung and no recur-
rence of lung infiltrates (Figure 3). The patient 

no longer had hemoptysis and was still asymp-
tomatic 1 year after completion of the antibiotic 

(A) (B)

Fig. 1.  (A) Chest radiograph revealed a mass-like lesion located at the left upper lobe. (B) CT imaging of the chest demonstrated an infiltrating 
mass-like lesion located in the left upper lobe and crossing the major fissure (arrow) into the left lower lobe.

(A) (B)

Fig. 2. Pathology of the lung mass after resection. (A) Gross examination revealed a mass-like lesion crossing the major fissure of the left lung 
(arrow). (B) Histological examination revealed an abscess formation with some actinomyces-like “sulfur granules” within the mass lesion (40 X, 
H & E stain).
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treatment.

Discussion

We reported a patient with symptomatic 
pulmonary actinomycosis, which presented as 
a mass-like lesion crossing the major fissure of 
the left lung and was diagnosed by surgical in-
tervention 4 months after his first visit.

There are diverse radiological patterns of 
pulmonary actinomycosis, including a peculiar 
transfissural extension into the neighboring pul-
monary lobe (crossing the fissure) [4-6]. Few 
diseases have been reported to invade across 
the lung fissure; they include malignancy, tu-
berculosis, nocardiosis, fungal infections and 
actinomycosis [7-8]. The present case presented 
with the “crossing the fissure” sign in a long-
standing mass-like lesion, which provided a 
valuable signal in identifying the underlying 

Fig. 3.  Chest radiograph obtained 5 months after completion of 
antibiotic treatment revealed the post-lobectomy status and the 
residual fibrosis at the left lung.

etiologies.
For a definite diagnosis of pulmonary acti-

nomycosis, a positive culture from an adequate 
specimen and the histopathological demonstra-
tion of sulfur granules in infected tissue are 
required [1]. Therefore, an invasive diagnostic 
biopsy procedure or surgical excision is usually 
needed [4,7,9]. The etiology was not confirmed 
in our patient until he agreed to undergo exci-
sional biopsy 4 months after his first visit.

The traditional recommendation for treat-
ment of actinomycosis is administration of pen-
icillin, delivered intravenously for 2-6 weeks, 
followed by an oral form for 6-12 months [1]. 
Medical treatment for less than 3 months in 
patients without debulking surgery might be as-
sociated with an increased risk of recurrence [9]. 
The patient in this case had received multiple 
brief courses of amoxicillin before the diagno-
sis, which might explain the relapsing hemopty-
sis and poor radiological response.

 In conclusion, the radiological feature of 
transfissural extension into the neighboring pul-
monary lobe is a useful sign for determining the 
etiology of an unresolved pulmonary infiltrate. 
This case report reminds us that, in addition to 
malignancy, tuberculosis, nocardiosis and fun-
gal infection, actinomycosis should be included 
in the differential diagnosis of a lung lesion 
crossing the fissure, in order to provide prompt 
diagnosis and treatment.
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胸腔醫學：民國 103 年 29 卷 3 期�

以穿越肺裂之腫塊為表徵的肺部放射線菌病－病例報告

曾明雄　蕭世欣　鍾啟禮

放射線菌病是少見的肺部細菌感染，其臨床與影像學表現多不具特異性，常被延遲診斷或誤認為腫

瘤、結核病或肺炎。本病例為 59 歲男性病人，臨床表現為長期且反覆性的咳血，胸部 X 光及電腦斷層掃

描發現一左上肺葉腫塊，穿越大肺裂，並侵入到左下肺葉。腫塊之電腦斷層導引切片僅顯示有急慢性發炎

現象，因此先給予短期經驗性抗生素治療，但咳血及病灶仍然持續，所以進行外科手術切除，病理切片發

現肺膿瘍及硫顆粒放射線菌，因此診斷為肺部放射線菌病，經有效抗生素長期治療後痊癒，後續追蹤並未

復發。回顧文獻，在影像學上發現肺部有橫跨肺裂之病灶時，除了考慮腫瘤、肺結核、諾卡菌病或真菌感

染之外，需進一步檢查是否有放射線菌感染，以利儘早治療。( 胸腔醫學 2014; 29: 160-165)

關鍵詞：放射線菌病，穿越肺裂，硫顆粒
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