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response to MSAC CA 1530 Purified human alpha1-proteinase inhibitor s47G

1. “Minimum clinically important differences for the primary outcome in the core randomised 

controlled trials (RCTs), i.e. Computed tomography (CT)-measured lung density, are not established 

in the literature…” [MSAC CA 1530, p1] 

Lung CT densitometry changes have proven to be the most sensitive marker of disease progression in 

patients with A1PI deficiency and COPD as compared to pulmonary function tests or quality of life 

assessments (Dirksen 2009, Chapman 2015). However, in absence of an established minimum 

clinically important difference (MCID) for lung density decline rates, the results seen in the RAPID and 

EXACTLE trials may be difficult to interpret. To help address this issue, a group of renowned A1PI 

researchers in Birmingham, UK are currently working to establish the MCID based on the CT density 

outcomes from the placebo-controlled trials (Dirksen 1999, Dirksen 2009, Chapman 2015). The 

researchers recently proposed an MCID of -2.89 g/L (95% CI: -2.59, -3.25) at the American Thoracic 

Society conference held in May 2018 (Crossley et al 2018). 

Based on the annual preservation of lung tissue (0.74 g/L/year) demonstrated in the RAPID trial in 

favor of A1PI therapy, the proposed MCID would be achieved within 3.9 years as compared to an 

untreated patient. As the treatment effect was robust and largely consistent between the RAPID and 

RAPID OLE trials in the Early Start patients who received 4-years of weekly infusions, a patient 

continuously treated with A1PI 60 mg/kg each week can reasonably expect to maintain a reduced rate 

of lung density decline well beyond the point at which the proposed MCID has been reached, 

demonstrating a worthwhile clinical improvement in this rare and often fatal disease. 

2. “No significant differences were observed between A1PI and placebo for the remaining 

effectiveness outcomes.” [MSAC CA 1530, p1] 

Demonstrating clinical efficacy in A1PI deficiency leading to COPD is challenging. It requires 

quantitative documentation of lung function changes in a chronic and slowly progressive process that 

may take decades to manifest clinically (Wewers and Crystal 2013). Despite showing a significant 

effect on lung density, the RAPID study did not show any statistical signal of efficacy in the secondary 

endpoints. 

There are several possible reasons for this: First, and importantly, the study was powered to detect 

the treatment effect on lung density measures, not changes in pulmonary function tests, diffusion 

capacity of carbon monoxide (DLco), Incremental Shuttle Walking Test (ISWT), or St. George’s 

Respiratory Questionnaire (SGRQ) scores. The sample size and trial duration reflect those necessary 

to demonstrate an effect to slow the annual lung density rates, whereas it has been shown that 

significantly more patients followed for periods longer than 2 years would be required to investigate 

benefits of A1PI therapy in the secondary endpoints. Furthermore, those estimates are based on the 

use of placebo which would be considered unethical for the treatment of A1PI deficiency. Secondly, 

the sensitivity of the clinical endpoints to detect change is much lower compared to CT lung density; 

EXACTLE, the second largest study in A1PI deficiency, established CT scans and DLco as the most 

sensitive measures. 
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s47G response to MSAC CA 1530 Purified human alpha1-proteinase inhibitor 

3. “A1PI meets three of the four criteria warranting rule of rescue. It is unclear whether the proposed 

service provides worthwhile clinical improvement.” [MSAC CA 1530, p146] 

The recent work by Crossley et al to describe 

s45

the MCID for CT density decline provides further clinical context for the results seen in the RAPID trial, 

and further demonstrates that A1PI offers worthwhile clinical improvement when evaluated across 

the appropriate time horizon, noting that A1PI deficiency is a chronic and slowly progressive disease. 

Furthermore, evidence from a post hoc analysis of the RAPID programme suggests a mortality benefit 

following A1PI therapy. During the RAPID programme, the time required for progressive emphysema 

to develop into respiratory crisis was used to simulate the life-years gained as a result of A1PI therapy. 

Respiratory crisis was defined as death, lung transplant or a crippling respiratory condition. Seven 

patients withdrew with an average terminal lung density of 20 g/L. Using the average baseline lung 

density for all patients (46 g/L) and the rate of decline in lung density in A1PI versus placebo-treated 

patients, the projected time to terminal lung density was 16.9 years for those receiving A1PI therapy, 

compared with 11.3 years in the placebo group (Figure 1). This indicates a gain in life-years of 5.6 years 

with A1PI therapy (McElvaney et al 2017). Although conducted in a small sample size, these data are 

supported by results from the National Heart, Lung, and Blood Institute observational study showing 

that patients receiving A1PI therapy had a greater survival than those not receiving treatment (Alpha-

1-Antitrypsin Deficiency Registry Study Group, 1998). 

Figure 1 Extrapolation of the effect of A1PI replacement therapy on the predicted time to 
reach terminal respiratory function in RAPID-RCT. 
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Source: Chapman et al 2018 International Journal of COPD 18(13): 419-432 

No comments on the economic evaluation or financial implications are provided in this response as 

Section C, D, E were redacted from the report provided to s47G due to the commercial in 

confidence nature of the material. 
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response to MSAC CA 1530 Purified human alpha1-proteinase inhibitor s47G
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Nicotine & Tobacco Research (2002) 4, 149-159 
t, Taylor&Francis 
• healthsciences 

Biochemical verification of tobacco use and 
cessation 

CJ 

~ 
:, 

SRNT Subcommittee on Biochemical Verification* 
0 
Ql 
a. 
(I) 
a. 

(Received 25 October 2000; accepted 7 June 200 I ] 

Objectives 

The charge of our subcommittee was to assess the utility 
of biomarkers of tobacco use and cessation and make 
recommendations for their application in clinical trials. 
The committee addressed five specific questions: 

I . Which biochemical markers are most useful for 
assessing tobacco use, with regards to smoking 
cessation, smoking cessation given other tobacco use, 
and concurrent use of nicotine medication to aid 
cessation7 

2. What are optimal cut-off points for biomarker values 
to distinguish tobacco use vs. no tobacco use, with 
consideration given to data on specificity and sensi
tivity at various cut-points and influence of 
ethnicity? 

3. What is an acceptable time window between self
reported last smoking and biochemical verification 
for different biomarkers? 

4. What is the utility (and limitation) of using bio
chemical markers as indicators of severity of 
addiction? 

5. When is biochemical validation necessary? 

* Neal L. Benowitz (Chair), University of California, San Francisco; 
Peyton Jacob ill, University of California, San Francisco; Karen 
Ahijevych, Ohio State University; Martin J. Jarvis, University College 
London; Sharon Hall, University of California, San Francisco; Jacques 
LeHouezec, Pharmacia Consumer Health Care; Anna Hansson, Phar
macia Consumer Health Care; Ed Lichtenstein, Oregon Research 
Institute; Jack Henningfield, Johns Hopkins University School of 
Medicine and Pinney Associates; Janice Tsoh, University of California, 
San Francisco; Richard D. Hurt, Mayo Medical School; Wayne Velicer, 
University of Rhode Island. 

Correspondence: Neal L. Benowitz, MD, Chief, Division of Clinical 
Pharmacology and faperimental Therapeutics, University of Cal· 
ifornia, San Francisco, Box 1220, San Francisco, CA 94143-1220, 
USA. Tel.: + I (415)-206-8324; Fax: + I (4 15)-206-4956; E-mail: 
nbeno@itsa.ucsf.edu 

1. Which biochemical markers are most useful for 
assessing tobacco use, with regards to smoking 
cessation, smoking cessatiQn given other tobacco 
use, and concurrent use of nicotine medication to 
aid cessation? 

This section will consider the following issues: 
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a. Which biomarkers are useful for determining smoking ~ 
status? 

b. Which biomarkers are useful for estimating nicotine 
intake vs. tobacco smoke exposure? 

:? 
w 
tv 
tv 
0 
ob. Which bioloo-ical specimens are useful for various -< 

O" s: 
applications? 3· 

;;;· 
J 

The pros and cons of various measures will be Q. 
discussed. 'c 

!!?. 
Nicotine can be measured in various biological g· 

specimens including plasma, saliva, and urine (Davis & ~ 
Curvall, 1999). Its specificity for tobacco use is excellent !1l 

0 
except for persons using nicotine-containing medica- :, 
tions. There are dietary sources of nicotine, but they are ~ 
insignificant compared to tobacco use (Beno_witz, 1988; ~ 

(l) 

Davis, Stiles, deBethizy, & Reynolds, 1991). Nicotine 3 
0-

concentrations are moderately expensive to measure, and !1l 
tv a variety of methods ar;e applicable, including gas :? 

chromatography (GC; Jacob & Byrd, 1999), high- o, 

performance liquid chromatography (HPLC; Crooks & 
Byrd, 1999), and immunoassays (Langone, Gjika, & Van 
Vunakis, 1999). Plasma levels; especially taken in the 
afternoon of a smoking day, correlate well with nicotine 
intake and may be used to estimate the extent of tobacco 
use (Benowitz & Jacob, 1984; Lawson et al. 1998a). 
Urine levels also correlate fairly well with nicotine 
intake (Jacob, Yu, Shulgin, & Benowitz, 1999; Lawson et 
al., 1998b). Because of the short half-life of nicotine 
(about 2 h; Benowitz & Jacob, 1994; Benowitz, Jacob, 
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Denaro, & Jenkins, 1991), nicotine levels are not useful 
in assessing tobacco use that occurred more than 8- 12 h 
previously. 

Cotinine, the major proximate metabolite of nicotine, 
can be measured in various biological specimens includ
ing plasma, saliva, and urine (Davis & Curvall, 1999). Its 
specificity for tobacco use is excellent except for persons 
using nicotine-containing medications (Benowitz, 1988; 
Davis et al., 1991 ). A variety of methods are available for 
measuring concentrations, including GC (Jacob & Byrd, 
1999), HPLC (Crooks & Byrd, 1999; Harihan, Van
Noord, & Greden, 1988), and immunoassays (Langone et 
al., 1999). Some immunoassays overestimate cotinine 
concentrations because of cross-reactivity with other 
nicotine metabolites (Anderson, Proctor, & Husager, 
1991; Schepers & Walk, 1988; Zuccaro et al., 1997). 
There is a good correlation between levels of cotinine in 
biological fluids with nicotine intake from tobacco 
(Benowitz, Kuyt, Jacob, Jones, & Osman, 1983; Rickert 
& Robinson, 1981). The relatively long half-life of 
cotinine allows detection for a few days after cessation of 
tobacco use (see section 3). 

Colorimetric or 'dipstick' methods measure a combi
nation of nicotine and metabolites in urine and may be 
useful for determining smoking status (Barlow, Stone, 
Wald, & Puhakainen, 1987; Peach, Ellard, Jenner, & 
Morris, 1985; Puhakainen, Barlow, & Salonen, 1987). 
These assays are simple and inexpensive, and are semi
quantitative, allowing a crude estimation of the extent of 
tobacco use. Certain drugs and dietary substances such as 
isoniazid, high doses of niacin, and other substances 
containing a pyridine ring may interfere with the assay 
and cause false positives (DynaGen, no date; Ubbink, 
Lagendijk, & Vennaak, 1993). • 

Carbon monoxide (CO) can be measured in expired air 
or in blood. The measurement of expired CO is simple 
and relatively inexpensive. Instrumentation for measure
ment of expired CO is commercially available (measures 
the rate of conversion of CO to CO2 as it passes over a 
catalytically active electrode), and blood carboxyhemo
globin (COHb) can be measured spectrophotometrically 
(Sonnenworth & Jarrett, 1980). Expired CO and blood 
COHb are highly correlated (Jaffe, Kanzler, Friedman, 
Stunkard, & Vereby, 1981; Rickert & Robinson, 1981). 
CO is reasonably specific for detecting heavy cigarette 
smoking but is of marginal utility for detecting light 
smoking because CO levels from smoking are low, and 
there are environmental sources of CO of similar 
magnitude (Sonnenworth & Jarrett, 1980). One down
side to using expired air CO is the initial cost 
($800- 2000) for the CO monitor. Measurement of CO is 
not applicable to detection of smokeless tobacco use 
because CO is a combustion product. 

Thiocyanate (SCN) can be measured in plasma, saliva, 
and urine. Relatively simple and inexpensive spec
trophotometric assays are available (Giraudi & Grillo, 
1981). SCN is reasonably specific for heavy smoking, 
but specificity is not good for detecting light smoking, 
possibly because of dietary sources (Foss & Lund-

Larsen, 1985; Galanti, 1997; Swan, Parker, Chesney, & 
Rosenman, 1985). It is not applicable to detection of 
smokeless tobacco use because it is a metabolite of a 
combustion product, hydrogen cyanide. 

Anabasine and anatabine are two nicotine-related 
alkaloids present in tobacco. Concentrations in urine can 
be determined using combined gas chromatography
mass spectrometry (GC-MS; Jacob et al., 1999), which 
is relatively expensive. Because they are not present in 
nicotine-containing medications, measuring concentra-

o tions of these alkaloids is useful for detecting tobacco o 
use in persons undergoing nicotine replacement therapy i 
(NRT). Because concentrations in urine correlate well ~ 

(1) 

with nicotine intake from tobacco, they can be used to a. 

estimate the extent of tobacco use (Jacob et al., 1999). At [ 
present, only urine levels have been measured, but with ~ 
more sensitive methodology under development it 'lil 
should be possible to measure concentrations in plasma g: 

8 and saliva. After cessation of smoking, half-lives are 16 h a. 
(1) 

for anabasine and 10 h for anatabine (Jacob et al., 3 
ff 

1999). ~ 
'O In summary, nicotine measurement is highly specific 
8 for tobacco use (in the absence of NRT), but because of 3 

its short half-life and technical difficulty and expense in ~ 
measurement, it is not recommended for general use. ~ 

<'i' Cotinine is highly specific and sensitive for tobacco use a, 
(in the absence of NRT) and has the advantages of a ~ 

~ fairly long half-life and moderate cost for analysis. When ru 
NRT is not employed, cotinine measurerm:nt appears to ~ 
be the best biomarker for smoking cessation. CO ~ 
measurement is useful for determining smoking status. ~ 
Its sensitivity is limited by the rapid elimination of CO, ~ 
such that after 1 day of not smoking, CO levels are no ~ 
different than those of non-smokers (see section 3). ~ 

CT 
Specificity is limited by endogenous and environmental -< s:: sources of CO. For this reason, CO may not distinguish :;· 
light smokers from non-smokers. SCN is not recom- J 
mended as a biomarker for tobacco use because of s. 
inadequate sensitivity and specificity. Anabasine and ~ 

~ 
anatabine are most useful for determining tobacco use in i;r 
the presence of treatment with NRT. A potential 5; 
limitation is the relatively high expense of the assay. ~ 

::, 

<.,.) 

Which biological specimen should be used? z 
~ 
(1) 

Generally, any specimen in which the biomarker can be g. 
measured is suitable for determining smoking status. ~ 

"' Plasma levels of nicotine are likely to correlate best with ~ 
the pharmacological effects of tobacco. Urine and saliva o, 

for cotinine are non-invasive and do not require ven
ipuncture. The ratio of cotinine in saliva, compared to 
plasma, serum, or blood, averages about 1.3, with a range 
of l.1-1.4 in various studies. Saliva cotinine concentra
tion may also vary according to whether it is stimulated 
(such as with candy or wax). Saliva cotinine concentra
tions are lower in stimulated compared to unstimulated 
saliva. One study showed that cotinine concentrations 
were 26% lower with stimulation using a sugar cube and 
6% lower with stimulation by chewing on paraffin wax, 
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Table 1. Time after smoking cessation to reach the cut-off concentration used to distinguish smokers from non-smokers (assuming 
average pre-cessation smoking rate) 

Cut-off 

Cotinine (saliva) 
General population 15ng/ml 
African-American 15ng/ml 
Pregnant women 10ng/ml 

CO (expired air) 
Active 8-10ppm 
Sedentary 8-10ppm 
Sleep 8-10ppm 

SCN (plasma) 
General population 78-89µM/I 

compared to unstimulated saliva levels (Schneider et al., 
1997). With some biomarkers, e.g. nicotine, cotinine, 
anabasine, and anatabine, urine levels are generally 
higher than levels in plasma or saliva, thus facilitating 
measurement and increasing the time period during 
which the biomarker can be measured. For SCN, better 
specificity/sensitivity has been observed using plasma 
compared to urine or saliva (Degiampietro, Peheiµi, 
Drew, Graf, & Colombo, 1987; Dourdoux, 1995). CO 
has the advantage of being measurable both in blood and 
in expired air. In addition, the results of expired CO 
measurement are available immediately. 

2. What are optimal cut-off points for biomarker 
values to distinguish tobacco use vs. no tobacco use, 
with consideration given to data on specificity and 
sensitivity at various cut-points and influence of 
ethnicity? 

A number of markers have been used as biochemical 
indicators of tobacco consumption, including nicotine, 
cotinine, SCN, and CO (Jarvis, Tunstall-Pedoe, Feyer
abend, Vesey, & Saloojee, 1987; Ruth & Neaton, 1991; 
Saloojee, Vesey, & Russell, 1982). They vary in terms 
of cost and ease of administration, specificity to 
tobacco, and half-life. Measuring CO in expired air is 
the cheapest (once the instrument to measure it has 
been purchased) and most easily measured, providing 
feedback within seconds, and its sensitivity and speci
ficity are both around 90%. Plasma or saliva cotinine 
perform best, with 96-97% sensitivity and 99- 100% 
specificity, respectively. An advantage of cotinine is 
that optimal cut-points are little affected by the preva
lence of smoking in the population sampled (Jarvis et 
al., 1987). For markers whose concentrations are affec
ted by factors other than tobacco use, such as SCN 
(diet) and CO (traffic, heating, and cooking emissions), 
optimal cut-points may vary according to prevalence of 
smoking, with higher cut-points being more appropriate 
where expected prevalence is lower (Cummings & 
Richard, 1988; Jarvis et al., I 987; McNeill, Jarvis, 
West, Russell, & Bryant, I 987). Finally, the cut-points 
presented in this section are based on studies in general 

Half-life (h) 

16 
20 
9 

2 
4 
8 

3- 14 days 

Time to cut-off (h) 

80 
100 
45 

6 
12 
24 

6-28 days 

0 
0 
~ 
:J 
0 
{I) 

a. 
(I) 
a. 

a 
3 
:=?:' 

populations. For some populations, such as African- E 
~ Americans or pregnant women, nicotine and cotinine ~ . 

metabolism differ from the general population, and l5. 
(I) 

optimal cut-points are likely to differ as well (Benowitz 3 
ff 

et al., 1999; Klebanoff, Levine, Clements, DerSi- g 
monian, & Wilkins, 1998). u 

8 The following cut-points for the main biomarkers have 3 
been widely used and are likely to be appropriate for [ 
most circumstances: ~ 

• Plasma or saliva cotinine 15 ng/ml; 
• Urinary cotinine 50 ng/ml; 
• Expired air CO 8-IOppm; 
• Plasma SCN 78- 84 µmoVl. 

() 

ru 
d, 
r::; 
(/) 

~ 
n 
i 
~ ..,_ 

~ The sensitivity and specificity of cotinine does not vary ~ 
much across a range of cut-points - from about 10 to fd 
20 ng/ml - and is little influenced by variation in the ~ 

r::; 
prevalence of smoking in the underlying population. In '< 

s.: many studies, urinary cotinine levels are adjusted for 5 
iii. 

creatinine concentration. However, unadjusted levels .J 
may be entirely adequate for determining smoking a 
status. Recommended cut-points for plasma and saliva 2" 

!/!. nicotine are not given. This is because, in the case of o· 
(I) 

salivary nicotine, concentrations are highly influenced 5; 
by local exposure in the mouth because ambient ~ 

0 
tobacco smoke, for example, may not be a good :, 
indication of systemic levels. Plasma nicotine has not ~ 
been widely used as a marker of smoking status, for ~ 
reasons of short half-life and the need for invasive 3 

rr 
blood sampling. Salivary and urinary SCN lack suffi- ~ 
cient sensitivity and specificity to make their use ~ 
advisable. °' 

3. What is a useful time window between 
self-reported last smoking and biochemical 
verification for different biomarkers? 

The useful time window for the use of a biomarker to 
assess tobacco use depends on the specific biochemical 
marker, the level of exposure, and the selected cut-off 
point. The characteristic of the biomarker that is most 
useful in determining how long it will remain in the body 
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(a) 

(b) 

BASELINE COTININE • 300ng/ml 
1000,~- --- -------~ 

... --· .T1/2 30hr 

....• T1/216hr 

. T1/2 8hr 

10,+--~-~-~--"-'i~~i-'-""-=----i 
0 24 48 72 

Hours 
96 120 144 

BASELINE COTININE -1 00ng/ml 
1001h--------------. 

Q) 
C: 

C 

';g 
(J 

"' ~= 
"; .E100 
II) Cl .. .s 
0 

"' E 
"' "' ii: 

•· ..• T1l2 30hr 

_ ....... .J1/2 16hr 

Hours 

Figure 1. (a) Simulated blood or saliva cotinine concentrations 
over time, assuming an initial concentration of 300 ng/ml, and 
different half-lives. The dashed line represents a non-smoking 
cotinine level cut-off of 15 ng/ml. Cut-off would be reached at 130, 
70, and 35 h if cotinine half-life was 30, 16, and 8 h, respectively. 
(b) Similar simulation to (a), but starting from a baseline cotinine 
level of 100 ng/ml. Cut-off would be reached at 83, 44, and 22 h 
if cotinine half-life was 30, 16, and 8 h, respectively. 

is the half-life. The half-life of a drug is determined by 
the rate of clearance from the body and the extent of 
distribution of the drug in body tissues. Half-life for a 
particular biomarker can vary considerably from person 
to person. Therefore, estimates using half-life data need 
to consider not only the mean or median value but also 
the range of values. 

The half-life of a chemical describes the time it takes 
for the level of the chemical to decline by 50%. At two 
half-lives, the level has declined to 25%, at three half
lives to 12.5%, and at four half-lives to 6.25% of the 
original value. Thus, knowing the initial level of a 
chemical in the body and the half-life, one can estimate 
how long it will take to reach a given cut-off point. 

The three biomarkers that will be considered in this 
section are cotinine, CO, and SCN (Table 1). Cotinine 
levels peak in the body 1-2h after the last dose of 
nicotine. African-Americans and Chinese-Americans 
metabolize cotinine more slowly than do Caucasians, 
and the half-life of cotinine is longer in these populations 
(Benowitz et al., 1999). Pregnant women metabolize 
cotinine more quickly than when they are not pregnant, 
so their cotinine half-life is shorter (Dempsey, Jacob, & 
Benowitz, 2002). 

For an initial cotinine level of 300 ng/ml, which is a 
typical level in a daily smoker, it would take five half
lives for this level to decline below the cut-off of 15 ng/ 
ml (Figure 1). Assuming a half-life of 16 h, the duration 
of abstinence required to reach the non-smoker cut-off 
level would be 80 h. If a smoker has a lower level of 
cotinine, it would require four or even three half-lives, 
which would correspond to 64 or 48 h, respectively, to 
reach the cut-off concentration. Considering the range 
of half-lives in the population, for an 8-h half-life the 

0 interval from abstinence to reach cut-off would range o 
~ 

from 24 to 40 h (three to five half-lives), whereas for a 6" 
long half-life of 30 h it would take from 90 to 150 h. ~ 

Cl> 
Considering the longest cotinine half-life (so as to o. 

minimize false positive results) and typical initial ~ 
cotinine levels, 7 days is a reasonable interval to use to 
assess compliance with non-smoking in most studies. It 
should be recognized that false negatives may be seen 

:, 

B 
V, 

=::: 
0) 
(") 
(l) 

a. 
Cl> 
3 
<'>° 
0 

in individuals who have stopped for 2 or more days 
prior to cotinine measurement, depending on the half. 
life. 

C 

The estimates for CO are more complicated because ~ 
the half-life for CO depends on the level of physical ~ 
activity. CO is eliminated in expired air, and the rate of ?: 
elimination depends on the individual's pulmonary ~ 

n· 
ventilation rate. With sedentary activity, the half-life of ro 
CO is 2- 3 h, while during sleep the half-life is up to i 

(/) 

4-8 h (Coburn, Forster, & Kane, 1965). During exercise, ~ 
the half-life can be as brief as 1 h. The long half-life ~ 
during sleep explains why smokers who have not ~ 
smoked overnight can awaken in the morning with ~ 
COHb levels as high as 5% (approximately 30 ppm in ~ 
expired air). ~ 

r,.J 

A typical cut-off point for CO in expired air is o 
c; 

8 ppm. Assuming the level of CO during cigarette --=. 
smoking begins at 40 ppm, it would require about three ~ 
half-lives to decline to 8 ppm. Assuming a half-life of ~-

-< 
2- 3 h, this would correspond to 6-9 h to reach cut-off. Q. 

In an individual who is physically active, the interval ~ 
!!?. 

would be less. However, during sleep it would decline /} 
much more slowly. For an average smoker, considering 5; 
the sleep/wake cycle, 24 h can be taken as a time point !!; 

0 

in which the CO level would almost certainly have :, 
declined to cut-off. However, it would be possible for ~ 
someone to smoke a few cigarettes within 24 h and still S1 

Cl> 
be below cut-off, depending on the half-life. It should g. 
be noted that CO exposure from environmental sources ~ 

N 
can result in expired CO levels of 2- 6 ppm, depending ~ 
on the extent of exposure to traffic exhaust and other °" 
pollution. 

SCN is eliminated from the body by excretion in the 
urine. Its excretion rate depends on kidney function. 
With normal kidney function, half-lives of 3- 14 days 
have been reported in different studies (Schulz, Bonn, & 
Kindler, 1979). Even non-smokers have a considerable 
level of SCN in the body, derived from foods. On 
average, smokers have SCN levels two to four times 
higher than those of non-smokers (Vogt, Selvin, & 
Hulley, 1979). Assuming the level of SCN is four times 
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