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METHODS 
 

Patients 

1) SSc-ILD 

Exclusion criteria consisted of: 1) current smokers [within six months of 99mTc-DTPA clearance] 

(n=25); 2) no 99mTc-DTPA performed (n=31); 3) baseline investigations separated by more than 

90 days (n=22); 4) HRCT scans performed elsewhere, unavailable for scoring (n=29) and 5) 

clumping of 99mTc-DTPA in airways (n=2). Studied and excluded patients (n=109) did not differ 

in age (p=0.91), gender (p=0.11), % predicted FEV1 (p=0.49), % predicted FVC (p=0.88), % 

predicted DLco (p=0.41), and HRCT disease extent (p=0.89). Furthermore, mortality did not 

differ between the study population and the excluded patients, either with (p=0.16) or without 

(p=0.12) adjustment for baseline CPI levels. 

 

At the time of 99mTc-DTPA scanning, 47 of the 168 SSc-ILD patients were on treatment with the 

following: a) prednisolone only = 32; b) prednisolone and azathioprine = 4; prednisolone and 

methotrexate = 4; c) prednisolone and cyclophosphamide = 5; d) azathioprine only = 1; and e) 

methotrexate only = 1. Of the 97 IPF patients, 53 were on treatment with the following: a) 
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prednisolone only = 28; b) azathioprine only = 4; c) prednisolone and azathioprine = 10; and d) 

prednisolone and cyclophosphamide = 11). 

2) IPF 
 
Exclusion criteria consisted of: 1) current smokers (n=15); 2) unknown smoking status at time of 

99mTc-DTPA clearance (n=4); 3) no 99mTc-DTPA performed (n=60); 4) baseline investigations 

separated by more than 90 days (n=12); 5) clumping of 99mTc-DTPA in airways (n=2) and; 6) no 

follow up data (n=1). Excluded patients (n=94) did not differ from the remaining patients in age 

(p=0.64), gender (p=0.70), % predicted FEV1 (p=0.81), % predicted FVC (p=0.44), % predicted 

DLco (p=0.60), and extent of disease on HRCT (p=0.58). Furthermore, mortality did not differ 

between the study population and the excluded patients, either with (p=0.54) or without (p=0.34) 

adjustment for baseline CPI levels. 

 

Pulmonary Function Tests (PFT) 
 
Analysed pulmonary function tests consisted of forced vital capacity (FVC) (measured using 

either a PKM spirometer, P. K. Morgan, Kent, UK, or the Jaeger Compact system, Viasys 

Healthcare, Warwickshire, UK) and carbon monoxide diffusion capacity (DLco) (utilizing either 

a rebreathing technique (P.K. Morgan) or a single breath technique (Jaeger) or a rebreathing 

technique (PK Morgan) adjusted to single breath values. Results are expressed as percentages of 

predicted (1) .   

 

High resolution computed tomography (HRCT) 
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1.5mm or 3mm sections were acquired supine, at full inspiration, at 10mm intervals (window 

center =  -550 Hounsfield units (HU); window width = 1500 HU), using an electronic beam CT 

scanner (Imatron Inc., San Francisco, CA). An additional limited number of sections were 

acquired in a prone position through the lower zones of the lungs to evaluate the effects of 

gravity-dependent opacification in the posterobasal segments. Scans were scored independently 

by two experienced observers (SRD and AUW), blinded to clinical and lung function 

information (2-6). HRCT images were scored at five levels: 1) origin of the great vessels; 2) 

carina; 3) pulmonary venous confluence; 4) between levels 3 and 5; and 5) 1cm above the right 

hemi-diaphragm. Discrepancies of more than 20% were resolved by consensus.  Sections were 

scored at each level for the total extent of disease (reticular and ground glass opacity patterns) to 

the nearest 5%. Mean values were computed to provide a total score for the extent of disease. 

 

 

99mTc-DTPA pulmonary clearance 

Lung clearance of aerosolised 99mTc-DTPA was measured as described previously (7;8).  99mTc-

DTPA was prepared from a freeze-dried kit according to the manufacturer’s instructions 

(Amersham Health, UK). An aerosol was delivered in a closed system via a Venticis II (France) 

nebuliser system, generating an average MMAD particle size of 0.86 μm. Patients inhaled the 

aerosol during normal tidal breathing through a mouth piece with a one-way valve and a nose 

clip in place. After inhalation for 10 minutes in an upright position, the patient lay supine. 

Patients were then imaged from the posterior side using a gamma camera with a general- purpose 

collimater. Images were acquired for 45 minutes at an image resolution of 64 x 64 at 60-second 

intervals. Regions of interest (ROI) were then drawn around both lungs and a region between the 
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kidneys was used for the subtraction of background activity. Solute clearance was calculated 

from the rates of radionuclide disappearance from the lungs. 

 

All clearance variables were expressed as average values for both lungs. Total clearance rates, 

expressed as the half-life of clearance , were obtained from mono-exponential clearance curves 

(derived from the first 15 minutes of the curve, starting from peak activity) and, when available, 

bi-exponential clearance curves (bi-exponential fit was derived over 45 minutes) were also 

obtained.  The total clearance was also analysed as a dichotomous variable (normal or 

abnormally rapid clearance) based on a normal clearance of more than 40 minutes (9). 

 

Fast and slow components were derived by curve stripping, using a methodology similar to that 

of Mogulkoc et al (10). Briefly, the slow component can be identified from the later section of 

the 45-minute curve, usually taking the last 15 minutes. The contribution of the slow component 

to the early part of the curve can then be calculated and subtracted out, isolating the fast 

component. Analysis was confined to the majority of patients with recorded raw data, in whom a 

pattern of bi-exponential clearance was evident on computerised inspection of curves, and in 

whom all components could be derived.  Excluded SSc-ILD patients (n=42) and IPF patients 

(n=16) did not differ from the remaining patients in age (p=0.39; p=0.95 respectively), gender 

(p=0.57; p=0.46 respectively), smoking status (p=0.14; p=0.60 respectively) or disease severity 

[FVC levels (p=0.10; p=0.69 respectively), DLco levels (p=0.48; p=0.55 respectively), the CPI 

(p=0.32; p=0.98 respectively) or extent of disease on HRCT (p=0.83; p=0.41 respectively)].  

Analysed components consisted of 1) fast component – the half-life of clearance for the fast 

component of the bi-exponential curve; 2) slow component  – the half-life of clearance for the 
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slow component of the bi-exponential curve, and 3) the percentage of the tracer cleared by the 

fast component (%FC). 

 

Data analysis 
 
99mTc-DTPA clearance variables were examined in separate models against mortality and time to 

disease progression (time to decline in FVC, time to decline in DLco, progression free survival), 

using proportional hazards analysis.  Following univariate analysis, multivariate models were 

constructed, including age, gender, smoking status (former versus never smokers) and disease 

severity (using, in separate models, the mild/extensive HRCT staging system (11) and CPI in 

SSc-ILD; the disease extent on HRCT and  CPI in IPF).  Variables not contributing to equation 

explanatory power (p>0.05) were excluded, using a stepwise method.   

 

 

RESULTS 

Multivariate analysis of the prognostic value of clearance curve components in SSc-ILD 

On multivariate analysis, both increasing rapid clearance of the fast component   and a higher 

%FC examined in separate models, were the only independent predictors of a shorter time to 

FVC decline, whether CPI levels [(HR=1.15; 95% CI 1.03, 1.28; p<0.01; HR=1.02; 95% CI 

1.00, 1.04; p=0.04) respectively]  or staging status [(HR=1.15; 95% CI 1.03, 1.27; p=0.01; 

HR=1.02; 95% CI 1.00, 1.04; p=0.04) respectively]  was used to adjust for disease severity.  

Mortality and time to DLco decline were not linked to any of the clearance curve components. 

 5



Table legends 

Table E1. Relationships between 99mTc-DTPA variables and other measures in SSc-ILD 

Table E2. Relationships between 99mTc-DTPA variables and other measures in IPF 

Table E3.  A comparison of time to FVC decline and time to DLco decline, expressed as 

hazards ratio (HR) with 95% confidence intervals (95% CI), in relation to 99mTc-DTPA 

clearance in SSc-ILD patients with mild or extensive disease 

Table E4.  A comparison of mortality and “progression free survival”, expressed as 

hazards ratio (HR) with 95% confidence intervals (95% CI), in relation to 99mTc-DTPA 

clearance in SSc-ILD patients with mild or extensive disease 

 
Figure legends 
 
Figure E1. Relationship between the rapidity of total 99mTc-DTPA clearance and the CPI: a faster 
99mTc-DTPA clearance is associated with a higher CPI score. 
 
Figure E2. Relationship between the rapidity of total 99mTc-DTPA clearance and HRCT disease 
extent: a faster 99mTc-DTPA clearance is associated with more extensive disease on HRCT. 
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Table E1. 

 

 

 
                                                         99mTc-DTPA variables in SSc-ILD 

 
Total clearance*    Fast component†    % Fast component†      Slow component†

 

PFT: 

CPI 

 

HRCT features: 

The extent of 

disease on 

HRCT (%) 

 

 

-0.37; <0.00005        -0.09; NS                   0.42; <0.00005             -0.17; 0.06 

 

 

 

-0.31; 0.0001            -0.07; NS                   0.25; 0.005                   -0.01; NS    

NS=not significant with p>0.10. * n=168 patients; †n=126 patients. Results are expressed as 
Spearman correlation coefficient (Rs) and p values.  
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Table E2.  

 

 99mTc-DTPA variables in IPF  

Total clearance*    Fast component†     % Fast component†    Slow component†

 

PFT: 

CPI 

 

HRCT 

features: 

The extent of 

disease on 

HRCT (%) 

 

 

 

 

    -0.10; NS            -0.0006; NS                   0.22; 0.05                      0.20; 0.07 

 

    

  

   -0.15; NS            -0.11; NS                        0.24; 0.03                      0.07; NS  

 
NS=not significant with p>0.10. *n=97 patients; †n=81 patients. Results are expressed as 
Spearman correlation coefficient (Rs) and p values.  
 



Table E3.   

 

DTPA clearance variables 
Time to FVC decline 

            Mild disease      vs      Extensive disease 

HR    95% CI    p value     HR    95% CI   p value 

Time to DLco decline 
            Mild disease      vs      Extensive disease 

HR   95% CI    p value         HR   95% CI   p value 

 

Increasingly rapid  

total clearance (min) 

 

Patients with an  

abnormal clearance  (min) 

 

1.01   1.00, 1.03    0.02      1.03   1.00, 1.06     <0.05 

 

 

1.79   1.01, 3.19  <0.05      3.24   0.77, 13.73    0.11 

 

 

 

1.00   0.99, 1.01    0.76        1.02   1.00, 1.05   0.11 

 

 

1.10   0.64, 1.89    0.73        2.07   0.63, 6.85   0.23 
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Table E4.   

 

DTPA clearance variables 
Mortality 

            Mild disease      vs      Extensive disease 

HR    95% CI    p value     HR    95% CI   p value 

Progression free survival 
            Mild disease      vs      Extensive disease 

HR   95% CI    p value         HR   95% CI   p value 

 

Increasingly rapid  

total clearance (min) 

 

Patients with an  

abnormal clearance  (min) 

 

1.01   0.99, 1.03    0.42      1.01   0.99, 1.03     0.23 

 

 

0.77   0.35, 1.69    0.51      1.22   0.50, 2.95     0.66 

 

 

 

1.01   1.00, 1.02    0.07        1.02   1.00, 1.04   0.06 

 

 

1.40   0.88, 2.21    0.15        2.35   0.81, 6.79   0.11 

 

 

 



Figure E1. 
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Figure E2 
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