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3. Results
3.1. Analysis of Patients' Characteristics

150 examinations were performed in a total of 119 patients (outpatients as well as inpatients) from January 1999 till June 2000. The population comprised 88 males (74%) and 31 females (26%). Mean age ± SD, age range, number of examinations as well as rate of examination per patient are shown in Table 3.

Table 3. Gender, Age Distribution and Examinations per Patient


N
Age Mean ± SD (Years)
Age range
Number of examinations
Examinati-ons/patient

Male
88
62 ± 10
36-83
115
1.30

Female
31
61 ± 9.5
42-83
35
1.12

Total
119
62 ± 9.8
36-83
150
1.26
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A total of 23 preneoplasias were diagnosed; 19 cases in males (17%) and 4 cases in females (9%). CIS were 6/19 cases in males (31%) and 1/4 cases in females (25%), while moderate to severe dysplasia were 13/19 cases in males (68%) and 3/4 in females (75%) (Fig. 11).
Fig.11. Types of preneoplasia in relation to gender

In 88 examinations for smoking males, the mean cigarette consumption was 42.7± 29.8 pack years (P/Y) while it was 30.2 ± 12.9 P/Y in 20 examinations for smoking females with a total of 17 cases of preneoplasia occurred among the "smokers" group. Among the 42 non-smokers of both sexes with other risk factors, there were 6 cases of preneoplasia. There was no statistical difference between both groups regarding early lung cancer cases (P< 0.48) Table 4.
Table 4. Mean cigarette consumption in P/Y and its relation to diagnosed preneoplasias 


Non-smokers
Smokers
Average smoking for examined cases (P/Y)

Males
27
88
42.7 ± 29.8

Females
15
20
30.2 ± 12.9

Total
42
108
40.4 ± 27.9

Preneoplasias
6/42
17/108


Many patients had repeated examinations mainly in the follow up of previous atypical histopathology/cytology results or for follow up of resected for cure lung cancer. The majority of patients (82%) had one examination only while a minority had 3 (2%) or 4 (3%) examinations (Table 5). 

Table 5. Frequency of Bronchoscopic Examinations/ Patient
Number of examinations/Patient
Number of patients
Final number of examinations

1
98/119  (82%)
98

2
15/119  (13%)
30

3
2/119  (2%)
6

4
4/119  (3%)
16

Total
119
150

A total of 56 examinations (38%) were carried out for high-risk patients for LC presenting with ± bronchial symptoms i.e. heavy smokers with positive family history of lung cancer, occupationally exposed workers such as uranium miners, with a change in symptoms like recurrent unexplained hemoptysis or patients with COPD. The group with previous sputum atypia bronchoscoped to search for their occult LC lesions was the second largest group comprising 51 patients (34%). 36 bronchoscopies (24%) were done as follow up of resected for cure LC. Among the group miscellaneous, 7 patients (4%) were recruited with upper respiratory or digestive tract malignancies, implying a higher risk for developing early lung cancer (Fig 12).
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Fig. 12. Number of examinations performed for different 
               indications
The highest percentage of preneoplasia was detected in the group with previous atypia in bronchial secretion (23%). In the other groups, the rate was nearly similar ranging from 14% for miscellaneous group to 11% for each group of patients in follow up of resected for cure LC as well as patients with high-risk for LC. (Table 6).
Table 6. Distribution of Positive Cases of Preneoplasia per Indication

Indication for AF examination
Number of positive cases

1. Previous atypical sputum results
12/51 (23%)

2. High risk, clinically suspected
    patients for developing LC
6/56 (11%)

3. Follow up of resected for cure LC
4/36 (11%)

4. Miscellaneous
1/7 (14%)

    Total
23/150 (15%)

3.2. Analysis of AIC Results:

Whereas representative sputum specimens were obtained in only 87% (130/150) of the patients included for AIC examination, all bronchial washings were satisfactory for AIC assessment. On evaluating the 2cDI as a dependable measure of DNA aneuploidy of airway secretions, the mean value for truly positive cases were 0.171±0.05 in sputum samples and 0.183±0.05 in bronchial washings. On the other hand, the mean values for truly negative cases were 0.138±0.039 for sputum and 0.138±0.037 for washings representing highly significant difference between truly positive and truly negative cases with P<0.0005 Table (7).

Table 7. Evaluation of AIC Results

Number of representative samples
2cDI     (mean ±SD)  true positive
2cDI 

(mean ± SD) true negative
P-value

Sputum
130/150 (87%)
0.171 ± 0.05
0.138 ± 0.039
P < 0.0005

Br. Wash
150/150 (100%)
0.183 ± 0.05
0.138 ± 0.037
P < 0.0005

In 5 CIS cases of 7 (71%), a suspicious sample was correctly identified by AIC with a mean 2cDI of 0.21 ± 0.055 for all CIS cases while AIC was only suspicious in 9 cases of moderate to severe dysplasia out of 16 (56%) with a mean 2cDI of 0.16 ± 0.056 for all dysplasia cases showing a highly significant difference (P<0.0005) between 2cDI means in diagnosing both types of preneoplasias (Table 8).
Table 8. Correlation of Cytometric Diagnosis with Histopathological and/or Cytological Diagnosis

CIS
Moderate-Severe Dysplasia


AIC Suspicious
5/7  (71%)
9/16  (56%)
14/23

AIC Non-suspicious
2/7  (29%)
7/16  (44%)
9/23

Total
7
16
23

Mean 2cDI ± SD
0.21 ± 0.055
0.16 ± 0.056
P <0.0005

Excluding the 20 non-representative sputum samples for AIC examination that were representative in bronchial washings sampling, the sensitivity of both methods as well as the specificity in 130 cases showed no significant difference with a P<0.5 for both (Fig. 13).
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Fig. 13. Sensitivity and specificity of AIC in sputum vs 
                bronchial washings

3.3. Analysis of Endoscopic Results:

Whenever a suspicious lesion in WLB and/or AF mode was detected, biopsies were taken for histopathological examination. In 90 examinations out of 150, suspicious lesions could not be detected so biopsies were not taken. In 50 examinations (33%), only one biopsy was taken, 2 biopsies in 7 examinations (4%) and 3 biopsies in 3 examinations (2%). A total of 73 representative biopsies were taken and evaluated histopathologically with an overall rate of 0.48 biopsy/examination. In one patient that had two suspicious lesions biopsied, there were two preneoplastic lesions diagnosed in two different lobes which would be reflected on further management measures but not on the rate of detecting early LC cases. The analysis was based on a per patient analysis rather than on a per lesion analysis for lack of consequences (Table 9).
Table 9. Biopsy Rate per Examination
Biopsies /bronchoscopic examination
Number of examinations
Number of biopsies taken

0
90
0

1
50
50

2
7
14

3
3
9

Total
150
73

Biopsy rate is a good indicator for frequency of finding suspicious lesions. It was highest in patients with previous atypical sputum results undergoing meticulous search for the responsible lesion with a rate of 0.78 biopsy/bronchoscopic examination followed by the miscellaneous group at a rate of 0.42 biopsy/examination. In the high risk group of patients, the rate fell to 0.35 biopsy/examination and further in the patients of resected for cure lung cancer (0.27 biopsy/examination) (Table 10).

Table 10. Biopsy Rate per Indication

Indication for AF examination
Number of biopsies per indication
Biopsy rate

1. Previous atypical sputum results
40/51
0.78

2. High risk, clinically suspected

    patients for developing LC
20/56
0.35

3. Follow up of resected for cure LC
10/36
0.27

4. Miscellaneous
3/7
0.42

    Total
73/150
0.48

The final histocytological results of different preinvasive lesions were compared to the suggested image classification under WLB and or AF. Identifying moderate to severe dysplastic lesions, a significantly higher sensitivity for WLB+AF (88%) than WLB alone (44%) was found (P< 0.01). On the other hand, their was no significant difference identifying CIS between both modes with a sensitivity of 86% for WLB+AF to 57% only for WLB alone (P<0.27) (Table 11).
Table 11. Image Classification in different Preneoplasias
Suspicious image in
Moderate-Severe dysplasia
CIS
Total

WLB alone not AF
0/16 (0%)
1/7  (14%)
1

AF alone not WLB
7/16  (44%)
2/7  (29%)
9

WLB+AF together
7/16  (44%)
3/7  (43%)
10

None of them
2/16  (12%)
1/7  (14%)
3

Total WLB suspicious
7/16  (44%)
4/7  (57%)
11/23

Total WLB+AF suspicious
14/16 (88%)
6/7  (86%)
20/23

Total preneoplasias
16
7
23

3.4. Evaluation of all methods combined: 

Of 24 lesions diagnosed in 23 patients as preneoplasia on histopathological and/or cytological basis, 10 were found to be moderate dysplasia, 7 severe dysplasia and 7 carcinoma in situ. In one patient, carcinoma in situ as well as severe dysplasia were diagnosed in two different sites which would influence measures of further management but not the rate of preneoplasia detection. Combining AIC, WLB and AF, there is a sensitivity of 100%. 3 cytologically diagnosed preneoplastic lesions could not be localized. The data of These three patients, marked by (*) were not completed because of non-compliance (Table 12).
Table 12. Characteristics, Localization, AIC and bronchoscopic data of Patients with Preinvasive Lesions

Patient No.
Age (ys)
Gender
Site
Histo/Cytol
ASC
WLB
AF

1
75
M
LB6
SD
-ve
+ve
+ve

2
73
F
MK
SD
-ve
+ve
+ve

3
65
M
Trachea
MD
+ve
-ve
+ve

4
70
M
RB1-2
MD
+ve
+ve
+ve

5
79
M
RB6
MD
+ve
-ve
+ve

6
63
M
LB6
MD
+ve
+ve
+ve

7
48
F
MLK
MD
-ve
+ve
+ve

8
68
F
LB6
MD
-ve
+ve
+ve

9
66
M
Stump
SD
+ve
-ve
+ve

10
70
M
LB7
CIS
-ve
+ve
+ve

11
64
M
RULB
CIS
+ve
+ve
-ve

12
59
M
LB3
SD
-ve
-ve
+ve

13
46
M
RB6
CIS
+ve
-ve
+ve

14
67
F
LB3
CIS
+ve
+ve
+ve

15
76
M
RB1
MD
-ve
+ve
+ve

16
46
M
RB4-5
MD
-ve
-ve
+ve

17
69
M
LB6
MD
+ve
+ve
+ve

18
57
M
LUL
SD
-ve
+ve
+ve

19
70
M
RB8
CIS
+ve
-ve
+ve

20
57
M
RUL, LB3
CIS

SD
-ve   -ve
+ve    -ve
+ve   +ve

21*
60
M
-ve
MD
+ve
-ve
-ve

22*
61
M
-ve
CIS
+ve 
-ve
-ve

23*
56
M
-ve
SD
+ve
-ve
-ve

MD= Moderate dysplasia; SD= Severe dysplasia; CIS= Carcinoma in Situ; M= Male; F= Female; +ve = Positive; -ve = Negative

Per patient analysis of the final results revealed sensitivity of WLB alone to be 48 % (11/23) while by adding AF, the sensitivity improved up to 87% (20/23). A distinguished finding was the 100% sensitivity reached by adding AIC to both WLB+AF while specificity decreased from 61% for WLB+AF to 55% for WLB+AF+AIC all together. The positive predictive value was the highest for AIC (45%) but showed no difference between WLB alone (33%), WLB+AF (28%) and WLB+AF+AIC (28%) (P<0.39). The negative predictive value ranged from a highest value of 100% with WLB/AF/AIC together to a lowest value of 89% with WLB alone (Table 13).

Table (13) Sensitivity, Specificity, Positive Predictive Value and Negative Predictive Value of all Methods separately and combined


AIC

Br. Wash  
WLB
WLB/AF
WLB/AF/AIC

Sensitivity
61%

(14/23) 
48%

(11/23) 
87%

(20/23) 
100%

(23/23)

Specificity
87%

(110/127) 
83%

(105/127)
61%

(77/127)
55%

(70/127)

*PPV 
45%
33%
28%
28%

**NPV
92%
89%
96%
100%

PPV, Positive predictive value; NPV, Negative predictive value

The improvement in the relative sensitivity of WLB+AF vs WLB alone was 1.8 (95% confidence interval 1.4 - 2.47). Also, the improvement in relative sensitivity of WLB+AF+AIC methods used was significantly better in relation to AIC alone (1.64) but with minimal improvement in relation to WLB/AF (1.15). As regards the relative specificity, there was always decreased specificity for combined methods (Table 14).

Table (14) Relative Sensitivity and 95% Confidence Interval (95% CI)

(WLB+AF)/ (WLB alone)
(WLB+AF+AIC)/(WLB+AF)
(WLB+AF+AIC)/(AIC alone)

Relative Sensitivity
1.8
1.15
1.64

95% CI Sensitivity
1.4 - 2.47
1.02 - 1.28
1.24 - 2.21

Relative Specificity
0.73
0.90
0.63

95% CI Specificity
0.58 - 0.92
0.89 - 0. 92
0.50 - 0.81 
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Final evaluation showed a diagnostic efficiency of 83% for AIC, decreased to 77% with WLB alone, 65% for WLB combined with AF and 62% for all methods combined. The false negative rate was highest with WLB alone and improved up to 0% false negative detection on evaluating WLB+AF+AIC together with a relatively high false positive rate of 45% (Fig. 14).
Fig. 14. Diagnostic efficacy, false positive and false negative 
              rates
3.5. Follow up results:

a) Patients with CIS: Of 7 cases diagnosed as CIS, there were 3 cases with complete remission in a 6 months period, one case progressed to invasive cancer and 3 non-compliant patients with no available follow up data. Of the 3 patients in full remission, 2 were treated with ND-YAG Laser alone. One of the CIS cases persisted after laser, full remission was acquired after brachytherapy. The patient who developed invasive cancer was functionally inoperable and progression occurred in spite of ND-YAG laser therapy (Table 13).

b) Patients with moderate-severe dysplasia: Of 16 cases diagnosed as moderate-severe dysplasia, 9 cases had a complete remission in 6 months period on steroid inhalation, a case of moderate dysplasia presented after 8 months failed follow up with invasive cancer and 6 non-compliant cases with no available follow up data (Table 15).    
Summarized there are 12 cases of full remission out of 14 compliant patients (86%) on the mentioned scheme for early lung cancer management while there were only 2 cases (14%) that progressed to invasive cancer.

Table 15. Results of Follow up for Diagnosed Preneoplasias
Patient
Age (ys)
M/F
Site of Lesion
Histo/Cytol
Therapy
Outcome

1
75
M
LB6
SD
Steroid Inhalation.
Full remission

2
73
F
MK
SD
Steroid Inhalation
Full remission

3
65
M
Trachea
MD
Steroid Inhalation
Full remission

4
70
M
RB1-2
MD
Steroid Inhalation
Full remission

5
79
M
RB6
MD
Steroid Inhalation + NC
Invasive cancer

6
63
M
LB6
MD
Steroid Inhalation
Full remission

7
48
F
MLK
MD
Steroid Inhalation
NC

8
68
F
LB6
MD
Steroid Inhalation
NC

9
66
M
Stump
SD
Steroid Inhalation
Full remission

10
70
M
LB7
CIS
EB Laser
Full remission

11
64
M
RULB
CIS
EB Laser
Invasive cancer

12
59
M
LB3
SD
Steroid Inhalation
Full remission

13
46
M
RB6
CIS
EB Laser
NC

14
67
F
LB3
CIS
EB Laser + Brachytherapy
Full remission

15
76
M
RB1
MD
Steroid Inhalation
NC

16
46
M
RB4-5
MD
Steroid Inhalation
Full remission

17
69
M
LB6
MD
Steroid Inhalation
NC

18
57
M
LUL
SD
Steroid Inhalation
Full remission

19
70
M
RB8
CIS
EB Laser
NC

20
57
M
RUL, LB3
CIS

SD
EB Laser &

Steroid Inhalation
Full remission Both

21*
60
M
-ve
MD
Steroid Inhalation
NC

22*
61
M
-ve
CIS
EB Laser
NC

23*
56
M
-ve
SD
Steroid Inhalation
NC

MD= Moderate dysplasia; SD= Severe dysplasia; CIS= Carcinoma in Situ; M= Male; F= Female; NC= Non-Compliant; EB Laser = Endobronchial Laser Therapy
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