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_______________________________________________________________Patients & Methods


2. Patients and Methods
2.1. Recruitment of patients:

For this prospective case finding study, we recruited 119 high-risk patients from January 1999 till June 2000 in whom all initial radiological investigations for presenting complaints were negative for lung cancer. All patients submitted a sputum sample for AIC, underwent white light (WLB) and autofluorescence (AF) bronchoscopy with bronchial washings for AIC and conventional cytology (CY). Endoscopically suspected lesions were biopsied and examined histopathologically. A total of 150 examinations were performed on these patients after taking informed consent from each of them.

2.2. Inclusion criteria: 

1- Patient should be able to give an informed consent.

2- Patients are at high-risk for lung cancer. For example, they should have either:

A) Heavy smokers with a positive family history of lung cancer, occupationally exposed workers to carcinogenic substances as uranium miners, COPD with a change in symptoms as recurrent unexplained hemoptysis.

B) Follow up of resected for cure lung cancer to search for recurrence in resection margins or second primary.

C) Previous atypical cytological or cytometrical results of bronchial secretions.

D) Patients at otherwise high-risk for developing lung cancer for miscellaneous reasons as patients with upper digestive or respiratory tract cancers or head and neck cancers.

2.3. Exclusion criteria:
1- Definite endobronchial tumor growth. 

2- Acute bronchopulmonary infection with possible bronchial hyperemia and increased coughing.

3- Radiotherapy and or chemotherapy 6 months prior to the examination.

4- Interventional bronchoscopic procedures 2 months prior to the examination including biopsy as this will artificially reduce AF.

5- Current photosensitizing medications such as photofrin.

6- Contraindications of WLB in general as unstable angina, bleeding tendency, left ventricular failure, uncontrolled hypertension and allergy to local anesthesia.

2.4. Investigations:

1- Full history and clinical examination.

2- Chest x-rays and computed chest tomography if necessary.

3- Sputum sample for automated image cytometry examination with Cyto-Savant®.

5- White light bronchoscopy with Olympus BF 20 or 40, Tokyo, Japan).

6- Autofluorescence bronchoscopy with LIFE® system.

7- Bronchial washings for conventional cytology as well as automated image cytometry also with Cyto-Savant®.

8- Bronchial mucosa biopsies for histopathological examination or brushing for cytology were done when a preneoplastic lesion was suspected under White Light Bronchoscopy (WLB) and/or Autofluorescence Bronchoscopy (AF).

2.5. Sputum collection /preparation for bronchoscopy:

1- After giving informed consent for the examination, an intravenous line was introduced and topical anesthesia was applied by inhalation of 5 ml Lidocaine 4% solution for 10 minutes through an ultrasonic nebulizer.

2- The patient was instructed to cough as deep and as strong as possible and to expectorate about 10-15 ml into a container with 20 ml Saccomanno solution (50% ethyl alcohol & polyethylenglykol) mixed with 0.2% dithiothreitol for good sputum liquefaction.

3- Bronchoscopic procedure: in a recumbent position, intravenous sedation with midazolam was sometimes given and individually titrated to keep the patient calm and prevent excessive and frequent coughing during the examination. Such cough can traumatize the bronchial mucosa against the bronchoscope or cause petichial hemorrhages from severe Valsalva maneuver and both will reduce autofluorescence making it difficult to diagnose minute preneoplastic lesions especially for the inexperienced. The fiberoptic bronchoscope was coupled with a conventional video camera and introduced transnasally when possible, otherwise transorally under nasal oxygen supplementation and pulse oxymeter control. Careful bronchoscopy was done to prevent unnecessary mucosal trauma. 

After documenting all suspicious lesions under WLB, the laser light source was connected to the fiberoptic bronchoscope and the CCD camera replaced the conventional video camera. Suspicious lesions under AF were also documented then reexamined again by WLB and documented if they were previously classified as non-suspicious. Then biopsy was taken from all suspiciously classified lesions either with one or both methods. Biopsies were taken separately using a new forceps for each lesion to prevent contamination.

2.6. Documentation:  

The whole examination during WLB and LIFE was video documented. Freeze frames of all suspect lesions were stored in WLB and AF together with the endoscopic evaluation. AF suspicious lesions overlooked in WLB were captured as freeze frames but classified as non-suspicious.

2.7. Chronology of specimens collection:
After completion of documenting all findings, bronchial washings from central airways were the first specimens to be taken. Then all endoscopically suspicious areas with either one or both methods were biopsied and sent for histopathological examination. All obviously invasive tumors, which were radiologically occult, were biopsied for diagnosis but excluded from the study. If there were no suspicious lesions, no biopsies but bronchial washings were taken for cytology and automated image cytometry to search for peripheral early lung cancer lesions that could not be reached by the bronchoscope as well as centrally located lesions that may be missed from both endoscopic methods.

2.8. Technique of endoscopic specimen collection: 

Bronchial washings were done by instilling 4 x 10ml isotonic saline on main carina and suctioning at least 20ml from both sides of the bronchial tree.

The washings were equally divided into two test tubes; one containing 10 ml of 50% alcohol as a fixative for cytological examination and the other with 20 ml Saccomanno solution for automated image cytometry. Suspicious lesions were biopsied either with a toothed biopsy forceps (Olympus FB 19 C) or by brush (Cellebrity 1.7mm, Microvasive). Biopsied tissues were either collected in 4% formaline solution for staining with Hematoxilin & Eosin and with Giemsa stain for histopathological examination or spread on a slide, air dried and stained according to Papanicolaou for cytological examination.

2.9. Evaluation criteria:

2.9.1. Endoscopic Image Classification:
The examiner's impression for the image diagnosis of a suspicious lesion was classified and documented as follows:

Class I: for normal bronchial mucosa or benign unsuspicious lesion as inflammatory changes.

Class II for suspected preneoplastic or early carcinomatous lesion.

Class III for definite invasive tumor growth. Class III was totally excluded from the analysis Fig 10.
a) White light bronchoscopic image classification:
Class I for normal or diffuse redness with or without edema of bronchial mucosa (inflammation), granuloma, angioma, scaring, telangektasia and trauma Fig. 8.
Class II for localized redness or paleness with well-circumscribed edema, thickening of carina, loss of luster, irregular mucosal surface of small polyps.

Class III for definite endobronchial tumor growth, mucosal infiltration with loss of normal structure, bronchial wall stiffness, vulnerability and bronchial stenosis Fig. 10.
b) The corresponding classification in autofluorescence mode was:

Class I for bright green mucosa, well-demarcated dark brown in hematoma, or superficial vessels. Fig 8.
Class II for well-demarcated homogenous, dark brown area Fig 9.

Class III for well-demarcated, dark brown color may be with areas of exaggerated green fluorescence (necrotic tissues or destroyed cartilage) Fig 10.
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Fig. 8 Normal main carina under WLB and AF modes 
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Fig.9 Severe dysplasia of Rt. upper lobe carina 




Fig. 10 Tumor growth in Lt. Upper Lobe Bronchus
2.9.2. Histopathological Classification of biopsies:

The histological diagnosis of mucosal structure was done according to the WHO criteria 1981 (Histological typing of lung tumors). In: WHO (Ed.): International histological classification of tumors (1981).

1.0 Normal
2.0 Inflammation
3.0 Hyperplasia
4.0 Mild dysplasia
5.0 Moderate - Severe dysplasia
6.0 Carcinoma in situ (CIS) 

7.0 Microinvasive carcinoma
8.0 Invasive carcinoma

8.1 Squamous

8.2 Adeno

8.3 Large cell

8.4 Small cell

8.5 Other

9.0 Unsatisfactory specimen.

For final pathologic diagnosis, the nine point's scale was converted into a three-points. Codes 1-4 were considered negative, codes from 5-8 were considered positive and code 9 was labeled 'not evaluable'.

2.9.3. Cytological grading of Bronchial Secretions: 
For cytological diagnosis is a modified classification of Papanicolaou was applied:

Pap 0: 
not representative.

Pap I: 
Normal.

Pap II: 
benign diagnosis as inflammation.

Pap III:
cellular proliferation with atypia.

Pap IIID:
dysplasia (sub-classified into mild, moderate and severe).

Pap IVa: 
carcinoma in situ.

Pap IVb:
only one definite tumor cell (carcinoma highly possible).

Pap V: 
a lot of definite tumor cells (certain carcinoma).

In cytological evaluation, PapI - IIIDL (from normal up to mild dysplasia) were considered negative and Pap IIIDM - PapV were evaluated as positive.

2.9.4. Automated image cytometry classification:

In our analysis, we used the most important two parameters, the 2cDI along with the virtual diagnosis of morphologically abnormal nuclei. Following the recommendations of the ESACP for quantitative cytometry (12), we used the following categories (0, I, II and III) as shown in table (2):
Table 2. Classification of Preneoplasia Stages by AIC

Grade
Meaning
Description

0
Non-representative
Too few diagnostic cells from the airways

I
Benign
Normal nuclear structures, euploidy, 2cDeviation Index (2cDI) <0.20

II
Suspicious
Samples with more than 1-2% suspicious nuclei, 2cDI >0.20 

III
Highly suspicious
2cDI > 0.20, numerous abnormal nuclei, including those with a DNA index of more than five times (5c) the normal haploid DNA content (5cER> 0.2%).

The AIC evaluation was converted from 3 point scale into 2 point scale: 2cDI < 0.2 and objective diagnosis as non-suspicious were all labeled negative and 2cDI > 0.2 and objective diagnosis as suspicious were considered positive.

2.10. Follow up of diagnosed preneoplasias:

All cases of moderate dysplasia or worse were followed up for at least 6 months in 3 months intervals with AIC and AF. These patients were either treated interventionally or conservatively according to the following scheme:

a) Cases of CIS: 

All CIS and worse cases were treated. The choice of treatment modality depended mainly upon the general condition of the patient, his pulmonary function reserve and the multi-centricity of the early tumor. Patients with depleted pulmonary reserves were treated by endobronchial ND-YAG laser. In the meanwhile, surgical resection of the affected segment or lobe was preferred in localized lesions with acceptable preoperative assessment. 

b) Cases of moderate-severe dysplasia:

Cases of moderate to severe dysplasia were given steroid inhalation for 3 months to dampen inflammation and the patient was instructed to stop smoking. If dysplasia persist, treatment and follow up was conducted as previously mentioned in CIS. Usually endobronchial intervention by ND-YAG laser was sufficient.
2.11. Methods of statistical analysis:
Sensitivity and specificity of AIC and/or WLB/AF were tested against the histopathological and /or cytological diagnosis as the gold standard. Statistically unbiased estimates of sensitivity and specificity were not possible to obtain because serial sections of the entire tracheobronchial tree would need to be examined after bronchoscopic procedures for these to be defined. However, since the objective of the study was to determine whether the addition of AF to WLB was better than WLB alone, and whether the addition of AIC to WLB/AF examination would improve the sensitivity of detecting new early lung cancer, the relative sensitivity between WLB/AF to WLB alone was calculated along with the 95% confidence interval (from Ciba Geigy Scientific tables 1980) to detect the contribution of such relatively new technologies in detecting early lung cancer. Also, the positive predictive value, negative predictive value, diagnostic efficiency were all calculated to evaluate the performance.

The data were evaluated on a per-patient bases and not on a per lesion basis as the latter method has its consequences on further management of individual lesions and not on the rate of detecting new early lung cancer cases.

Definition of Sensitivity: The probability of a test to be positive if the disease is truly present.

Sensitivity = True positive/True positive + False negative
Definition of Specificity: The probability of a test to be negative if the disease is truly absent.

Specificity = True negative/ True negative +False positive 
Relative sensitivity  = Sensitivity of WLB+AF/ Sensitivity of WLB alone.

A relative sensitivity more than one would indicate a real improvement in detection rate of WLB+AF vs that of WLB alone. 

Definition of Positive Predictive value (PPV): is the probability of the person of having the disease when the test is positive.

Positive Predictive value = True positive/ True positive + False positive

Definition of Negative Predictive value (NPV): is the probability of the person not having the disease when the test is negative. 

Negative Predictive value (NPV) = True negative/True negative + False negative

Diagnostic efficiency: is the relation between all true examination results and the total patients' population results.

Diagnostic efficiency = True positive + True negative/ Total number of examinations

False positive rate = False positive/ False positive + True negative

False negative rate = False negative / False negative + True positive

