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FIGURE 6 

Six Months Continuous Nonsmoking by 
Treatment Condition to Which Subject Was Randomized 
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FIGURE 7. 

Six Months Continuous Nonsmoking by 
Treatment Condition to Which Subject Was Randomized 
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FIGURE 8 

Six Month Continuous Nonsmoking by 
Percent Cotinine Replacement Attained from Patch 
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FIGURE 9 

Baseline Fagerstrom and Abstinence at Visit 4 (Week 6) 
Optimal Dosing Study 
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FIGURE 10 
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Baseline Fagerstrom and Abstinence at Visit 6 (Week 12) 
Optimal Dosing Study 
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FIGURE 11 

Baseline Cotinine and Abstinence at Visit 4 (Week 6) 
Optimal Dosing Study 
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FIGURE 12 

Baseline Cotinine and Abstinence at Visit 6 (Week 12) 
Optimal Dosing Study 

P-Values: Model (0.001), Dose(0.024), Cotinine(0.007) 
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METHODS FOR NICOTINE REPLACEMENT 
DOSAGE DETERMINATION 

0001. This application is a divisional of application Ser. 
No. 08/422,381 (Attorney Docket No. 013012-000210), 
filed Apr. 13, 1995, which was a continuation-in-part of 
application Ser. No. 08/074,764 (Attorney Docket No. 
013012-000200US), filed on Jun. 10, 1993, (now aban 
doned), the disclosure of which is incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates generally to methods 
for Smoking cessation assistance, and more particularly to 
methods for determining and predicting dosages utilized in 
nicotine replacement therapy employed in conjunction with 
Smoking cessation techniques. 
0004) Cigarette Smoking is a serious health concern in the 
United States and throughout the World, being a significant 
causative factor in Several types of cancer, heart disease, and 
other disabilities. While the risk of these diseases can be 
greatly reduced by Simply stopping Smoking, tobacco 
dependency makes Stopping very difficult for many patients. 
Thus, there is a continuing need to provide aids for use in 
Smoking cessation therapy. 
0005 Of particular interest to the present invention, a 
number of products have been commercially developed for 
providing nicotine replacement While a patient is undergoing 
Smoking cessation and may Suffer the Symptoms of nicotine 
withdrawal. Such nicotine replacement can be achieved by 
a variety of products, including gums, transdermal patches, 
nasal Spray, inhalers, lozenges, and the like. Frequently, the 
use of Such nicotine replacement products will be combined 
with physician counseling, group and/or psychological 
counseling to further increase the chances of long term 
Sustained abstinence. 

0006 While a significant improvement over counseling 
alone, nicotine replacement therapy is not always Successful. 
Nicotine replacement alone (defined as at least one year of 
Sustained abstinence from Smoking) achieves a Success rate 
in the range from 0% to 12%, while nicotine replacement 
combined with counseling achieves a Success in the range 
from 25% to 38%. 

0007. It would therefore be desirable to provide improved 
methods and therapies for assisting in Smoking cessation. It 
would be particularly desirable to provide methods for 
further increasing the Success of nicotine replacement 
therapy, both by itself and in combination with other smok 
ing cessation aids. Such methods should be Straightforward 
and preferably require a minimum of patient follow-up. 
Such methods should also be efficient, adding little to the 
cost of therapy while achieving Significantly higher compli 
ance rates. These and other objectives will be met, in whole 
and in part, by the invention of the present application as 
described in more detail hereinbelow. 

0008 2. Description of the Background Art 
0009 U.S. Pat. No. 5,069,904, describes nicotine therapy 
for disease treatment where dosage is determined by incre 
mentally increasing the administered amount until a putative 
therapeutic dosage is achieved. Nicotine patches intended 
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for delivering Safe and Steady blood plasma levels of nico 
tine are described in various patent publications, including 
U.S. Pat. No. 4,943,435. The pharmacokinetics of nicotine 
patch replacement is described in various journal publica 
tions, including Fiore et al. (1992) J. Am. Med. ASSn. 
268:2687-2694; Ross et al. (1991) Pharm. Res. 8:385-388; 
Chan et al. (1990) J. Controlled Release 14:145-151; 
Kochak et al. (1992) Pharm. Res. 9:1451-1455; and Min 
neker et al. (1989) Meth. Find. Exp. Clin. Pharmacol. 
11:219-222. The Minneker et al. (1989) publication reported 
that nicotine transdermal replacement dosages adapted to 
previous daily cigarette consumption was no more effective 
than a Standard dosage for achieving Successful Smoking 
cessation therapy. 

SUMMARY OF THE INVENTION 

0010. The present invention is based on the observation 
that patient Success in Smoking cessation therapy correlates 
Strongly with the degree to which the nicotine replacement 
therapy is able to be achieved in relation to pre-cessation 
blood levels of nicotine. In particular, it is observed herein 
that long term patient abstinence is achieved more often in 
those patients where at least about 40%, usually at least 
about 50%, of pre-cessation blood nicotine levels (measured 
as a nicotine metabolite, usually cotinine) are maintained by 
the replacement therapy. Surprisingly, however, it is also 
observed herein that nicotine replacement levels of blood 
cannot be adequately predicted based upon the level of 
administered dosage alone. That is, blood nicotine levels 
appear to depend on a number of individual patient factors 
in addition to the replacement dosage. 

0011 Thus, the present invention provides methods for 
determining nicotine replacement dosages for effective 
Smoking cessation in patients, where an initial nicotine 
replacement dosage is determined based on a number of 
patient characteristics Selected from the group consisting of 
a body mass factor, a cumulative Smoking factor, a psycho 
logical dependence factor, age, and menopausal Status. Such 
dosages are Selected to achieve replacement nicotine con 
centrations in blood meeting a desired threshold amount, 
typically at least about 50% of the pre-cessation nicotine 
levels. 

0012. The preferred patient characteristics will vary 
between males and females. For males, the preferred patient 
characteristics include at least the body mass factor and the 
cumulative Smoking factor. The psychological dependence 
factor and patient age are also useful, although not as 
predictive as the body mass factor and cumulative Smoking 
factor. For females, the preferred patient characteristics 
include at least the psychological dependence factor and age. 
Menopausal Status is also a significant factor, with the body 
mass factor also being Significant, although leSS So than the 
previously mentioned factors. The cumulative Smoking fac 
tor appears to be of little relevance to predicting the rela 
tionship between dosage and blood nicotine levels in 
WOC. 

0013 The present invention also provides a method for 
determining the relationship between nicotine dosage and 
nicotine Serum levels in a population of patients who Smoke 
tobacco. The method relies on measuring blood nicotine 
concentrations in individual patients while Said patients are 
Smoking. After the patients have Stopped Smoking, known 
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dosages of nicotine are administered and blood nicotine 
concentrations measured, while the patient remains absti 
nent from Smoking. At least two values corresponding to the 
patient characteristics Set forth above are determined for 
each individual patient in the population, and a relationship 
between the nicotine dosage and nicotine blood concentra 
tion as a function of both the blood nicotine concentration 
while Smoking and at least two patient characteristics can 
then be determined by known mathematical techniques, 
Such as regression analysis. 

0.014. It is important to reach the target blood nicotine 
level, delivered by the therapeutic medication, as rapidly as 
possible after Smoking cessation, referred to as the patient's 
Target Quit Date. If there is delay, and the blood nicotine 
level is too low, then risk of relapse back to Smoking can 
increase 10-fold in the first day or two after Target Quit Date. 
Conversely, if the physician initiates treatment with too high 
a therapeutic nicotine medication dose, then the patient 
could experience untoward Side effects, Such as nausea or 
Vomiting, causing the patient to Stop medication and likely 
relapse back to Smoking. The present invention allows the 
physician to start the patient with the proper dose of nicotine 
replacement medication which individually optimizes that 
patient's chance of Successfully stopping Smoking. 
0.015 The initial dosages predicted by the method of the 
present invention are often counter-intuitive. For example 
the method provides for Substantially higher nicotine patch 
doses to achieve adequate nicotine replacement blood level 
in short, obese men (the prototypical, paunchy beer-bellied 
man), then in men of average body build. While this finding 
might make common Sense, consider what the method 
predicts for women: The tall, slender woman-the “ideal” 
fashion model-also needs a Substantially higher nicotine 
patch dose to receive adequate treatment than does a woman 
of average body build. Thus, the short, obese man and the 
tall, slender woman each need high nicotine patch doses, 
while the tall, thin man, and the short, obese woman each 
need low nicotine patch doses to attain the same resulting 
therapeutic nicotine level in the blood. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016 FIGS. 1-14 present data related to the examples 
provided in the Experimental section below. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

0.017. The phrase “nicotine concentration” refers gener 
ally to blood and Serum levels of nicotine present in a patient 
while Smoking or during nicotine replacement therapy. AS a 
practical matter, nicotine concentration measurements in 
blood and serum are very difficult, and it is preferred to 
measure Stable nicotine metabolites in place of direct nico 
tine measurements. Particularly preferred is the measure 
ment of cotinine which is a very Stable nicotine metabolite 
having a half life of about 20 hours (in comparison to a half 
life of two hours for nicotine), which can be measured by 
known analytical techniques and which is considered an 
accepted marker for total nicotine intake. See, Jacob III et al. 
(1991) J. Chromati. 222:61-70. Typically, nicotine replace 
ment dosages will be chosen to provide nicotine blood 
concentrations (measured as cotinine) of at least about 40% 
of the pre-cessation value, usually being at least about 50%, 
and often being 100% (full replacement) or higher. Surpris 
ingly, it has been found that it is often beneficial to increase 
the nicotine dosage Sufficiently to raise Serum nicotine 
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metabolite levels to above 100% of the pre-cessation level, 
with values of 150% or more being found to provide 
improved nonsmoking compliance when compared to 100% 
replacement. 
0018 “Smoking” and “active smoking” refer to the 
Smoking of tobacco products, particularly cigarettes. "Pre 
cessation” refers to the period prior to beginning of cessation 
therapy where a patient is Smoking tobacco products, where 
Such Smoking results in measurable levels of cotinine in the 
patient's blood. After Smoking cessation therapy has com 
menced, it is expected that the patient will no longer Smoke 
cigarettes or use any other tobacco products and that all 
nicotine and cotinine present in the blood will be derived 
from the nicotine replacement Sources, as described in more 
detail hereinbelow. 

0019. “Patient characteristics” according to the present 
invention are Selected to correlate and be predictive of the 
relationship between nicotine replacement dosage and blood 
concentrations of nicotine (measured as nicotine metabo 
lite), and will usually be selected from the group consisting 
of a body mass factor, a cumulative Smoking factor, a 
psychological dependence factor, age, and menopausal Sta 
tus (for women). While individual characteristics from this 
group have been found to be predictive in varying degrees 
of the relationship between nicotine replacement dosage and 
blood nicotine level, it should be appreciated that this list is 
not comprehensive and there will likely be other factors 
which could be identified in the future which could also be 
used as a basis for predicting Such a relationship. Thus, this 
list is meant to be exemplary, and particularly useful in the 
practice of the present invention, but is not meant to be 
comprehensive or to exclude the use of other patient char 
acteristics which might be employed in the methods of the 
present invention. 
0020 “Body mass factor” will generally be related to the 
patient's size and/or weight. Most Simply, the body mass 
factor could be measured as weight, but will preferably be 
measured as a body mass indeX which is calculated as 
patient weight divided by height Squared. Any conventional 
units can be employed, Such as kilograms and meters, with 
variations in units being accounted for in the equation 
constants which are developed. 
0021. The “cumulative Smoking factor” will account for 
the total amount of tobacco products Smoked by the patient 
during the patient's life. Conveniently, the cumulative Smok 
ing factor will be the number of packs being Smoked per day 
at a time immediately prior to the Smoking cessation mul 
tiplied by the total number of years where the patient has 
Smoked. Other equivalent cumulative Smoking factors could 
also be devised. 

0022. The “psychological dependence factor” will gen 
erally be a Subjective determination of psychological depen 
dence on Smoking and nicotine. Conveniently, Such psycho 
logical dependence can be measured by a Standardized test 
for nicotine dependence, Such as the FagerStröm Tolerance 
Questionnaire, as described in Fagerström (1978) Addic. 
Behav. 3:235-241. Briefly, the Fagerström Tolerance Ques 
tionnaire asks the patient to answer eight questions relating 
to Smoking habits, resulting in a cumulative Score in the 
range from Zero to eleven, with higher Scores being indica 
tive of a greater dependence. 

0023 
0024 “Menopausal status” relates to whether a female 
patient is pre-menopausal or post-menopausal. Patients 

“Patient age” will generally be measured in years. 
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undergoing hormone replacement therapy (estrogen and 
progesterone) will be considered to be pre-menopausal. In 
pre-menopausal patients, the factor drops out of the equation 
described below. For post-menopausal women, the patient 
body mass factor is taken into account at least once. That is, 
in certain equations generated by the method of the present 
invention, body mass factor will be taken into account for all 
female patients. Those patients who are post-menopausal, 
the body mass factor will be taken into account a Second 
time in predicting blood nicotine level as a function of 
nicotine dosage. 

0.025. Using these patient characteristics, it will be pos 
Sible to determine the relationship between nicotine dosage 
and blood nicotine levels (measured as a stable nicotine 
metabolite Such as cotinine) in patients as a function of at 
least two of the patient characteristics just described. For 
male patients, the characteristics which have been found to 
have the Strongest correlation with blood nicotine levels are 
body mass factor and the cumulative Smoking factor. The 
third most important factor is psychological dependence, 
while age is the least important of the factors, although Still 
relevant. For female patients, Surprisingly, the order of 
importance of these factors is entirely different. The most 
important factors are psychological dependence and age. 
The third most important factor is menopausal status (where 
it determines whether a body mass factor is to be taken into 
account), while the fourth most important factor is the body 
mass factor (regardless of menopausal status). The cumula 
tive Smoking factor appears to be of little importance in 
predicting blood nicotine levels in Women. 

0026. The particular formulas and relationships which 
are derived for predicting blood nicotine levels in patients 
based on nicotine dosage levels will also be strongly depen 
dent on the nicotine Source. It will be appreciated that 
different nicotine replacement Sources will have signifi 
cantly different pharmacokinetic characteristics which have 
a strong influence on the blood levels achieved. The present 
invention for the first time, however, recognizes that a 
variety of patient characteristics (in addition to the type and 
dosage of the nicotine replacement Source) will be relevant 
in predicting blood nicotine levels (measured as a stable 
nicotine metabolite) in a patient for a given dosage. More 
over, by taking at least two of these characteristics into 
account, it will be possible to develop reliable pharmacoki 
netic models which allow prediction of the Serum nicotine 
levels achieved with a given dosage for a particular nicotine 
replacement product. For example, equations can be devel 
oped for each of the transdermal patches which are presently 
on the market and any additional transdermal patches which 
may be developed in the future. Other models can be 
developed for other controlled nicotine replacement Sources, 
Such as chewing gums which provide for oral nicotine 
replacement. 

0027. In the Experimental section hereinbelow, particular 
equations are provided which relate the blood nicotine level 
(measured as cotinine metabolite) in men and women based 
on the application of a single NicotrolTM (produced by 
Cygnus Therapeutic Systems, Redwood City, Calif., and 
Supplied by Pharmacia AB, Helingborg, Sweden, and dis 
tributed in the United States by McNeil Consumer Products, 
Fort Washington, Pa.) nicotine patch. It will be appreciated 
that Similar analysis techniques can be used for providing 
equations which allow prediction of blood nicotine levels 
when using other transdermal patches, as well as other 
nicotine replacement Sources, and further that Similar equa 
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tions can be generated to predict blood nicotine levels for 
different dosages of nicotine from Such nicotine patch and 
other Sources. 

0028. The following examples are offered by way of 
illustration, not by way of limitation. 

EXPERIMENTAL 

Materials and Methods 

0029) 1. Study Design 
0030) Subject characteristics. Subjects were smokers, 
aged 18 years or more, were eligible if they had Smoked at 
least 10 cigarettes per day for a minimum of 3 years, were 
motivated to Stop Smoking completely, and were basically in 
good health. Exclusion criteria were Severe or Symptomatic 
cardiovascular disease, pregnancy or breast feeding, current 
regular use of psychotropic medications, current or past 
alcohol or other drug abuse, current use of SmokeleSS 
tobacco, or chronic dermatological disorderS Such as pSo 
riasis, urticaria, or chronic dermatitis. 
0031 Allocation to Treatment. Subjects were sequen 
tially and randomly assigned to receive one of three treat 
ments based on a target percent cotinine replacement (%. Cot 
Repl): 0% (placebo), 50%, or 100% cotinine replacement. In 
addition, Subject enrollment was Stratified by SeX and nico 
tine dependency according to Table 1. Ninety-one Subjects 
were assigned into the matrix shown in Table 1 with the “N” 
as shown. 

TABLE 1. 

Assignment of Study Patients by Treatment Condition, 
Stratified by Sex and Nicotine Dependency 

Target Serum Cotinine Replacement Level from Nicotine Patch 
Treatment 

0% Replacement 50% Replacement 100% Replacement 
Sex (N = 31) (N = 29) (N = 31) 

Male Hi Dep. = 7 Pts. Hi Dep. = 9 Pts. Hi Dep. = 9 Pts. 
Lo Dep. =9 Pts. Lo Dep. = 7 Pts. Lo Dep. = 7 Pts. 

Female Hi Dep. = 8 Pts. Hi Dep. = 8 Pts. Hi Dep. = 8 Pts. 
Lo Dep. = 7 Pts. Lo Dep. = 5 Pts. Lo Dep. = 7 Pts. 

*As assessed by the Fagerström Tolerance Questionnaire (FTQ). FTQ 
range is 0 to 11 points. High Dependence is 27 points; Low Dependence 
is <7 points 
f% Cotinine Replacement = Serum Cotinine (ng/ml) from Nicotine Patch 
Therapy = Baseline Serum cotinine (while smoking) x 100 
All patients were given three patches to wear each day. For those in the 

0% replacement condition, all patches were 30 cm, placebo patches, con 
taining 0 mg nicotine. For those in the 50% or 100% replacement condi 
tions, the total nicotine patch dose, delivered by the three patches, could 
be from 5 mg to 45 mg nicotine/16 hours, whatever was necessary to meet 
the required value of the algorithm (SODATM). If a patient needed only 5 
mg nicotine?day, then he or she would have been given one, 10 cm, 
active patch (delivering 5 mg nicotine/16 hrs) together with two, 30 cm, 
placebo patches. On the other hand, if a patient needed the maximum dose 
provided by the study design, 45 mg nicotine?day, then he or she would 
have been given three, 30 cm, active patches, each delivering 15 mg 
nicotine/16 hrs. 

0032 Pharmacological Treatment. Subjects were 
instructed to apply a number of new skin patches (assigned 
and dispensed in a double-blind manner as described below) 
each morning to a clean, non-hairy area of intact Skin which 
had not been used as a patch application site within the last 
week, and to remove their assigned patches at bedtime. At 
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each visit, Subjects were Supplied with a Sufficient number of 
each of the assigned patches to cover the interval until the 
next visit. The placebo patches were identical to the active 
patches in appearance, packaging, and labeling, but con 
tained no nicotine. 

0033. Full treatment. The study was designed to provide 
patients with six weeks of patch treatment at their randomly 
assigned target replacement level, with Six additional weeks 
of Structured tapering. Treatment consisted of daily use of 
the appropriate, double-blind combination of active and/or 
placebo Skin patches. 

0034 Structured tapering. After using a sufficient number 
of nicotine patches each day to achieve their target cotinine 
replacement level for Six full weeks, Subjects were then 
provided with a three-week Supply of the same three patches 
and with a template enabling them to easily and quickly cut 
one-third of each patch off, So that the total nicotine dose 
delivered was reduced by one-third. Throughout this taper 
ing phase (weeks 6-12) all Subjects continued to wear their 
Same three nicotine patches each day, but with the size of 
each patch reduced by this template. At the Second-to-last 
treatment visit (week 9) Subjects were then given a three 
week Supply of their assigned patches and instructed to use 
the template to cut and remove two-thirds of each patch. 
Thus, they were applying three patches one-third the Size, 
and therefore one-third the dose, of what they had been 
applying for the first Six weeks of the program. At the end 
of these last three weeks of tapering (study week 12) no 
additional patches were provided. 

0035 2. Determination of Nicotine Patch Dose 
0.036 Patch dose was computed by a group of research 
Staff (the dosing management staff) Separate from the clini 
cal research Staff. Communication between the dosing man 
agement Staff and the clinical research Staff regarding a 
given Subject was carried out using each Subjects unique 
medication identification number. This way, the double 
blind was fully maintained. The clinical research staff knew 
and regularly Saw each patient but was completely blind to 
the content of each of the three nicotine patches they 
dispensed to each Subject at each visit. The dosing manage 
ment Staff knew precisely the content of each of the three 
patches that would be given to each Subject at each visit, but 
they never had any contact with any of the Study Subjects. 
The dosing management Staff did not communicate infor 
mation regarding nicotine patch content to the clinical 
research Staff or to the patient. 
0037. The clinical research staff provided the dosing 
management Staff with all of the information necessary to 
define the variables used in the dose determination algorithm 
(described below), except for the serum cotinine measure 
ment which was measured by the dosing management Staff 
and not transmitted back to the clinical research Staff. Once 
the dosing management Staff had employed the algorithm to 
compute the daily nicotine patch dose required to achieve 
the target percent cotinine replacement (%. Cot Repl) level, 
they then packaged the appropriate combination of nicotine 
patches to reach that dose. 
0038. The Sachs Optimal Dosing Algorithm (SODATM). 
The dosing algorithm is referred to hereinafter as the Sachs 
Optimal Dosing Algorithm (SODATM) and was initially 
developed from data taken from a 220-Subject nicotine patch 
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trial database. The primary outcome results from this trials 
database have been reported elsewhere (Sachs et al. (1993) 
Arch. Int. Med 153:1881-1890). The present data provide a 
confirmation and validation of the accuracy of the SODATM 
in predicting Serum cotinine level in a particular individual 
that will be attained by a given nicotine patch dose. 

0039. When developing the SODATM, it was found that 
there were major differences in constants and variables to 
predict cotinine blood levels while on nicotine patch therapy 
for men and for women. Consequently, Separate prediction 
equations were developed for each SeX. The equations used 
in the present Study were as follows: 

0040 For men, venous serum cotinine level (ng/ml) 
achieved by the daily application of one patch delivering 15 
mg/16 hr of nicotine is predicted by: 

Cots=338.66864–9.34216 BMI-0.75199 PkYrs+ 
0.40385 Age+0.08776 COts+2.79601 FTQ (1) 

0041) (r=0.7654, p=0.0064) 

0.042) Where: 

0043 Cots=Venous Serum cotinine (ng/ml) 
resulting in males from daily application of patch 
delivering 15 mg/16 hr of nicotine. 

0044 BMI=Body Mass Index=weight/(height) in 
kg/m; 

0045 PkYrs=Pack Years=number of years smokedx 
number of cigarette packS Smoked/day prior to ceS 
sation therapy; 

0046 FTQ=Fagerström Tolerance Questionnaire 
Score (0-11 scale: 0-6 corresponds to low depen 
dence, 7-11 corresponds to high dependence); 

0047 Age=Age (in years); and 

0048 COts=venous Serum cotinine (in ng/ml) 
prior to cessation therapy. 

0049 For women, venous serum cotinine level (ng/ml) 
achieved by the daily application of one patch delivering 
15,mg/16 ml of nicotine is predicted by: 

Cots=129.93686+3.93846 BMI+0.02047 PkYrs 
2.25053 Age+0.31122 COts-12.00131 
FTO-179433 (MP)(BMI) (2) 

0050 (r=0.6944, p=0.0071) 

0051) Where: 
=MenopauSal Status= O OC-CO 0.052 MP=Menop 1 1 for p 

pausal patients and 0 for post-menopausal patients. 

0053 (All other variables are as defined for equa 
tion (1)) 

0054 These were the equations used by the dosing man 
agement Staff to compute nicotine patch dose before the 
clinical research Staff gave each patient his or her initial 
blinded study drug supply at Visit 0, just before Target Quit 
Date. 

0055 Three days after Target Quit Date, i.e., three days 
after Stopping Smoking and beginning application of their 
daily nicotine patch dose, Subjects returned for Visit Oa, at 
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which time venous blood level was obtained to measure 
nicotine and cotinine levels attained by that patch dose. 
Based on the actual cotinine measured at Visit 0a against the 
predicted cotinine from the SODATM at Visit 0, the dosing 
management Staff recomputed the nicotine patch dose to try 
to better achieve the actual target replacement condition 
(50% cotinine replacement or 100% cotinine replacement) 
for each individual patient. One week after Visit Oa, each 
subject returned for Visit Ob to receive the revised patch 
dosage. Subjects returned one week later (Visit 1) and blood 
was obtained for measurement of Serum nicotine and coti 
nine levels. Nicotine patch dose, however, was not changed 
after Visit Ob. 

0056. Each patient came in for visits as shown in FIG. 1, 
i.e., at one week, two weeks, three weeks, and Six weeks 
after Visit Ob. At the six-week visit (Visit 4), each patient 
was given the sizing template and instructed how to cut each 
of their three patches for the next three weeks (weeks 6-9) 
to reduce the total nicotine dose by one-third. At Visit 5 
(week 9) each patient was individually instructed how to use 
the sizing template to reduce the original nicotine dose used 
during the first six weeks by two thirds. This reduced-dose 
was equal to one-third of the dose during the first six weeks 
and was used for the last three weeks of tapering (weeks 
9-12). 
0057 Behavioral Treatment. Throughout this study, 
patients were provided treatment and counseling described 
in Sachs et al. (1993), supra. In brief, at Screening Visit-2 
(FIG. 1), each patient completed a detailed medical history 
(Health Record Questionnaire(R), Pulmonary Diagnostic & 
Rehabilitation Medical Group Inc., Palo Alto, Calif.), had 
blood drawn for routine chemistry Studies, and had poster 
oanterior and lateral chest roentgenograms and a 12-lead 
electrocardiogram taken. No group counseling Sessions were 
used, nor were any special psychological or behavioral 
modification techniques employed. Only skills that any 
physician and professional Staff in the medical office could 
readily provide were used. 

0.058. The physician, during the 45 to 60 minute physical 
examination, linked any relevant findings from the medical 
history, laboratory examination, and physical examination 
with the specific benefits that each individual patient could 
reasonably expect to gain by Stopping Smoking. If the patient 
met all inclusion-exclusion criteria, then the physician gave 
the patient a copy of the self-help video tape Stop for Good: 
A Video House Call Video (Feeling Fine Programs, Inc. 
Los Angeles, Calif. 1991). The physician advised the patient 
to use this video book between this visit and the next one, 
Visit 0, which was scheduled to be the day before the 
patient's individual Target Quit Date, to develop an indi 
vidual Action Plan for coping with situations that could 
trigger an urge for cigarettes. 

0059 At each of the Subsequent visits, project personnel 
completed data collection forms, monitored patch compli 
ance, assessed adverse events, collected all used and unused 
patches, drew venous blood for Subsequent nicotine and 
cotinine level determination, measured Vital signs, including 
weight, and determined exhaled air carbon monoxide level 
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to verify nonsmoking Status objectively. Other than the time 
necessary to complete the above activities, time that project 
perSonnel spent with an individual patient was kept to a 
minimum, approximately 10-15 minutes. During that time, 
at each visit from Target Quit Date through six months (FIG. 
1), each patient received brief, individualized, common 
Sense, Smoking cessation advice, from a medical perspec 
tive, from one of the project Staff, on an as-needed basis. 
0060 Concurrent Medications and Therapy. Subjects 
were allowed to take whatever other medications were 
needed to manage intercurrent illness as prescribed by 
project physicians or the patient's own physician. Meticu 
lous records of any concomitant medications were carefully 
maintained. Subjects were not, at any time, allowed to use 
other anti-Smoking medications (proved or potential), Such 
as nicotine polacrilex (Nicorette (E), clonidine, anxiolytics, 
or anti-depressants. Similarly, Subjects were not allowed to 
avail themselves of any other Smoking cessation treatment, 
Such as workplace group Support programs or Self-help 
manuals, other than what was provided to them during the 
course of this study. 

0061 3. Outcome Measurements 
0062) Efficacy. Patients were instructed to keep a daily 
diary record of any cigarettes Smoked. Smoking abstinence 
was defined as (1) patient Self-report of no Smoking from 
Target Quit Date (in the case of the first visit following 
Target Quit Date) or from the previous visit (for all visits 
after the visit after Target Quit Date), with no deviations of 
any kind allowed (if the subject reported even one puff from 
a cigarette in the daily diary, then that patient was classified 
as a treatment failure) and (2) an exhaled air carbon mon 
oxide level of nine parts per million or less at each Visit. 
Subjects who used any other Smoking cessation aids (behav 
ioral or pharmacological), did not return for their follow-up 
Visits, or were unavailable for follow-up were classified as 
SmokerS. 

0063 4. Analytic Methods 
0064 Demographic and Smoking history variables were 
compared acroSS treatment conditions to assess baseline 
comparability using the ANOVA. The primary efficacy 
measurement was time to relapse. This was calculated 
beginning at the end of the Second week after Target Quit 
Date. Time to relapse, or Survival time, for each patient was 
then calculated as the number of days until the patient first 
Smoked, withdrew, or was dropped from the Study, which 
ever occurred first. The generalized log-rank Statistics and 
Wilcoxon statistics (Kaplan and Meir (1958) JASA 53:457 
481) were used to determine significance at the end of the 
Survival curve (life-table analysis). Additionally, at weeks 2, 
3, 6, 9, 12, 16, and 26, trend comparison of cessation rates 
acroSS dosing conditions were made using the two-tailed 
Mann-Whitney Two-Sample Rank Test. 

RESULTS 

0065 1. Subject Characteristics 
0.066 All Subjects. Of 91 subjects randomized to the 
three cotinine replacement conditions, 43 were women and 
48 were men. Their baseline characteristics are given in 
Table 2. There were no significant differences between 
active and placebo treatment group Subjects. 
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TABLE 2 

Baseline and Demographic Information* 
All Patients (N = 91 

% Cotinine Replacement Condition 

0% (Placebo) 50% 100% 
(N = 31) (N = 29) (N = 31) 

Age (in years) 46.4 10.7 43.7 - 8.5 46.7 11 
(21.3–65) (27–58) (25.2-64.6) 

Sex, M/F (in %) 51.6%f48.4% 55.2%f 44.8% 51.6%f48.4% 
Weight (in kg) 76.7 - 14.4 79.9 17.5 75.1 - 18.1 

(45–102) (54-124) (44-109) 
Nicotine Dependencef 6.2 - 18 6.7 2.2 6.7 - 1.7 

(2-9) (2-11) (3-10) 
# Cigarettes Smoked 25.8 13.2 24.8 11.2 25.1 + 10.0 
Per Day (10-60) (10-50) (10–44) 
# Years Smoked 25.7 - 12.7 248 - 8.8 29.3 - 11.1 

(4–55) (10-41) (8-46) 
Baseline Exhaled Air 26.7 9.1 31.6 - 12.5 28.5 - 9.3 

Carbon Monoxide (in (15-52) (15–73) (15–50) 
ppm) 
Baseline Serum 24.1 7.7 248 - 8.9 23.6 6.9 

Nicotine (in ng/ml) (11.7–39.4) (9.6-379) (12.5–36.8) 
Baseline Serum 283.3 119.4 267.6 94.2 267 - 109.4 

Cotinine (in ng/ml) (38.8–512.5) (84.6-422.0) (119.5-576.0) 
Age Started Smoking 18.8 + 4.4 16.6 3.1 16.4 + 2.2 
Cigarettes (in years) (12–33) (10–23) (11-21) 
# Previous Quit At- 2.1 + 1.4 3.13.O 3.9 4.2 
tempts (O-5) (0-12) (0-18) 

*There were no significant differences by treatment condition. Except as 
noted, values are meant SD (range). 
Measured by the Fagerstrom Tolerance Questionnaire (FTO). Score 

range: 0-11. Low nicotine dependence S6. High nicotine dependence 27. 
Baseline levels measured at the first and second screening visits, Study 

Visits - 2 and - 1, two weeks and one week before Target Quit Date, while 
patients were still smoking cigarettes at their baseline rate. Data for each 
patient were averaged for the two visits. 

0067 Baseline and Demographic Information For Sub 
groups. Later in this Results Section, treatment results are 
presented for the two sub-groups: “All Randomized Patients 
Who Could Be Adequately Dosed with three Patches Deliv 
ering up to 45 mg Nicotine/16 Hours (N=81)” and “All 
Patients by % Cotinine Replacement Actually Attained 
(N=82)”. Their baseline and demographic data are presented 
in Tables 2A and 2B. Although there were some statistically 
Significant differences between treatment conditions, those 
appear to be relatively minor, and were considered unlikely 
to have had an impact on the results reported below. 

TABLE 2A 

Baseline and Demographic Information* 
- All Randomized Patients Who Could Be Adequately Dosed With 

3 Patches Delivering Up To 45 mg Nicotine/16 Hours - 

% Cotinine Replacement Condition 

0% (Placebo) 50% 100% 
(N = 31) (N = 27) (N = 23) 

Age (in years) 46.4 10.7 43.1 8.3 45.8 11.9 
(21.3–65) (27–58) (25.2-64.6) 

Sex, M/F (in %) 52%.f48% 56%f44% 35%/65% 
Weight (in kg) 76.7 - 14.4 78.2 15.5 69.5 + 15.2 

(45–102) (54-124) (44-100) 
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TABLE 2A-continued 

Baseline and Demographic Information* 
- All Randomized Patients Who Could Be Adequately Dosed With 

3 Patches Delivering Up To 45 mg Nicotine/16 Hours - 

% Cotinine Replacement Condition 

0% (Placebo) 50% 100% 
(N = 31) (N = 27) (N = 23) 

Nicotine Dependence 6.2 - 18 6.5 - 2.1 6.4 + 1.6 
(2-9) (2-11) (3-10) 

# Cigarettes Smoked 25.8 13.2 24.7 - 11.6 21.9 8.9 
Per Day (10-60) (10-50) (10-44) 
# Years Smoked 25.8 12.7 24.0 - 8.5. 28.7 12.3 

(4–55) (10-41) (8-46) 
Baseline Exhaled Air 26.7 9.1 31.9 - 12.9 27.0 8.9 

Carbon Monoxide (in (15-52) (15–73) (15–45) 
ppm)" 
Baseline Serum 24.2 7.7 24.99.1 22.O 5.7 

Nicotine (in ng/ml)" (11:7–39.4) (9.6–37.9) (12.5–31.0) 
Baseline Serum 283.3 - 119.4 272.4 - 95.9 231.7 79.8 

Cotinine (in ng/ml)" (38.8–512.5) (84.6-422.0) (119.5-417.0) 
Age Started Smoking 18.8 + 4.4 16.6 3.25 16.4 + 2.4s 
Cigarettes (in years) (12–33) (10–23) (11-21) 
# Previous Quit At- 2.1 + 1.4 3.13.1 4.0 - 3.5 
tempts (O-5) (0-12) (O-13) 

*There were no significant differences between treatment conditions, 
except as specified. Except as noted, values are meant SD (range). 
Measured by the Fagerstrom Tolerance Questionnaire (FTO). Score 

range: 0-11. Low nicotine dependence S6. High nicotine dependence 27. 
Baseline levels measured at the first and second screening visits, Study 

Visits - 2 and - 1, two weeks and one week before Target Quit Date, while 
patients were still smoking cigarettes at their baseline rate. Data for each 
patient were averaged for the two visits. 
S. p < 0.05, compared to 0% (placebo) condition, only. 

0068) 

Age (in years) 

Sex, M/F 
(in %) 
Weight (in kg) 

Nicotine 
Dependencer 
# Cigarettes 
Smoked Per 
Day 
# Years 
Smoked 

Baseline Ex 
haled Air 
Carbon Mon 
Oxide (in 
ppm) 

TABLE 2B 

Baseline and Demographic Information* 
- All Patients by % Cotinine Replacement Actually Attained - 

O% 
(Placebo) 
(N = 24) 

46.0 - 11.6 

(21.3–65) 
58%.f42% 

77.1 - 12.6 

(46-96) 
6.0 - 18 

(2-9) 
25.0 - 13.3 
(10-60) 

24.4 + 
13.35 
(4–55) 

26.3 8.2 

(15-41) 

77.1 16.0 

(54-124) 
6.3 2.1 

(2-11) 
24.1 10.6 

(10-50) 

23.5 8.35 
(10-41) 

30.9 13.7 

(15–73) 

25.0%- 
<100% 
(N = 24) 

44.5 - 9.35 
(25.2–60.2) 
46%/54% 

75.7 15.6 
(56–105) 
7.O 1.7 

(3-10) 
25.9 - 11.5 
(10-50) 

26.9 
10.95 

(8-46) 
3O.O. 9.4 

(15–50) 

% Cotinine Replacement Condition 

2100% 
(N = 11) 
53.89.4 
(38.3-64.6) 
64%/36% 

798 - 26.2 

(44-123) 
6.5 + 1.8 
(3–9) 

24.2 9.1 

(10-40) 

36.7 8.3 

(23–45) 

25.2 + 6.7 
(18–39) 
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TABLE 2B-continued 

Baseline and Demographic Information* 
- All Patients by % Cotinine Replacement Actually Attained - 

% Cotinine Replacement Condition 

O% >0%- 250%- 
(Placebo) <50% <100% 2100% 
(N = 24) (N = 23) (N = 24) (N = 11) 

Baseline Serum. 23.3 + 7.3 23.49.8 25.0 - 6.2 23.2 6.9 
Nicotine (in ng? (11.7-38.4) (9.6-37.9) (14-36) (13.5-36.8) 
ml) 
Baseline Serum 265.9 262.5 288.0 230.9 - 49.5 
Cotinine (in ng? 123.3 102.6 118.8 (180.5– 
ml) (38.8- (84.6- (119.5- 354.5) 

512.5) 422.0) 576.0) 
Age Started 19.3 - 4.5 16.83.O1 16.O 281 16.5 - 1.81 
Smoking Ciga- (12-33) (10–23) (10–21) (14-20) 
rettes (in years) 
# Previous Quit 2.1 - 1.3 3.3 2.9 3.5 - 4.4 4.1 it 4.1 
Attempts (O-5) (0-12) (0-18) (O-13) 

*There were no significant differences by treatment condition, except as 
specified. Except as noted, values are mean it SD (range). 
fMeasured by the Fagerstrom Tolerance Questionnaire (FTO). Score 
range: 0-11. Low nicotine dependence S6. High nicotine dependence 27. 
Baseline levels measured at the first and second screening visits, Study 

Visits - 2 and - 1, two weeks and one week before Target Quit Date, while 
patients were still smoking cigarettes at their baseline rate. Data for each 
patient were averaged for the two visits. 
S. p < 0.05 compared to 2100% condition, only. 
11 p < 0.05 compared to 0% (placebo) condition, only. 

0069 2. Accuracy of the Sachs Optimum Dosing Algo 
rithm (SODATM) in Predicting Serum Cotinine Level from 
Treatment. 

0070 All Randomized Patients (N=91). The baseline 
Serum cotinine levels (ng/ml), from Screening Visits -2 and 
-1 for each patient were used to compute the nicotine patch 
dose to be prescribed at Visit 0, as shown in Table 3. FIGS. 
2 and 3 show the frequency distribution of patch dose in mg 
nicotine/16-hours computed by the SODATM for each of the 
active, cotinine replacement conditions, 50% and 100% 
replacement, respectively. 

TABLE 3 

SODATM Computed Nicotine Patch Dose to be Prescribed at Visit O 
to Attain Indicated Target % Cotinine Replacement Condition. 

All Randomized Patients (Active Conditions Only). 

% Cotinine Replacement Condition 

50% 100% 
(N = 29) (N = 31) 

Mean Nicotine Patch Dose 17.1 + 10.2 mg 33.5 + 10.3 mgf 
(mg nicotine/16 hours) (5–45 mg) 15-45 mg) 
Median Nicotine Patch 15 mg 35 mg 
Dose (mg nicotine/16 hours) 
Mode Nicotine Patch Dose 15 mg 45 mg 
(mg nicotine/16 hours) 

* Values are mean + SD (range). 
fP < 0.0001 compared to 50% replacement condition. 

0071 When patients returned three days later (Visit 0a), 
after not having Smoked during that interval, blood was 
drawn to enable recomputation of the nicotine patch dose 
that would then be prescribed 1 week later, 10 days after 
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Visit 0 (Visit 0b). Those doses, adjusting for the levels 
achieved by the SODATM's first iteration, are shown on Table 
3A. 

TABLE 3A 

SODATM Computed Nicotine Patch Dose, to be Prescribed at Visit Ob, 
to Attain Indicated Target % Cotinine Replacement Condition. 

- All Randomized Patients (Active Conditions Only). - 

% Cotinine Replacement Condition 

50% 100% 
(N = 29) (N = 31) 

Mean Nicotine Patch Dose 20.9 + 10.9 mg 36.1 + 9.1 mgf 
(mg nicotine/16 hours) (5–45 mg) (15-45 mg) 
Median Nicotine Patch Dose 15 mg 40 mg 
(mg nicotine/16 hours) 
Mode Nicotine Patch Dose 15 mg 45 mg 
(mg nicotine/16 hours) 

*Values are mean + SD (range). 
fP < 0.0001 compared to 50% replacement condition. 

0072 These data clearly show that the SODATM pre 
Scribes Substantially different nicotine patch doses based on 
the desired or targeted cotinine replacement level which the 
nicotine patch is intended to achieve. 

0073 Table 4 shows the actual cotinine replacement 
percentages achieved by the individualized nicotine patch 
dose, measured at Visit Oa, as computed by the SODATM, for 
each of the two active replacement conditions. FIGS. 4-and 
5 show the frequency distribution of percentage cotinine 
replacement actually achieved by the nicotine patch dose 
computed by the SODATM for each of the active, cotinine 
replacement conditions. These data clearly show that on the 
first dosing iteration, as measured at Visit Oa, the SODATM 
was within 5% and 10% of the target cotinine replacement 
levels, respectively. Thus, the SODATM predicts required 
nicotine patch dose accurately. Note that for both target 
conditions, the SODATM slightly underestimated the nico 
tine patch dose actually necessary to achieve the target 
replacement level. The difference between the mean cotinine 
replacement actually achieved for the patients assigned to 
the 100% condition vs. those assigned to the 50% condition 
was highly Statistically significantly different 
(P-value.<0.0001), while the difference between the mean 
cotinine replacement percentage actually achieved VS. the 
target was not significantly different (P=0.3843 for the 50% 
replacement condition and P=0.1273 for the 100% condi 
tion). 

TABLE 4 

Actual %, Cotinine Replacement Achieved by the Nicotine Patch Dose 
Prescribed at Visit 0 (Table 3) Measured at Visit Oa. 
All Randomized Patients (Active Conditions. Only 

Target 76 Cotinine Replacement 

50% 100% 
(N = 29) (N = 31) 

90.0 + 35.0%is: 
(46.7–177.40) 

Men Cotinine 
Replacement Attained 

445 32.2%f. 
(15.5-169.2%) 
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TABLE 4-continued 

Actual %, Cotinine Replacement Achieved by the Nicotine Patch Dose 
Prescribed at Visit 0 (Table 3) Measured at Visit Oa. 
All Randomized Patients (Active Conditions. Only 

Target 76 Cotinine Replacement 

50% 100% 
(N = 29) (N = 31) 

Median Cotinine 35.3% 35.3% 
Replacement Attained 

*% Cotinine Replacement = Serum Cotinine Level (in ng/ml) from Nico 
tine Patch = Serum Cotinine Level (in ng/ml) from Cigarettes (while 
smoking) x 100. 
Values are means + SD (range). 
P = 0.3843 for mean % Cotinine Replacement compared to the target 
S9, in this case). P < 0.0001 compared to 50% Replacement Condition. 
P = 0.1273 for mean % Cotinine Replacement compared to the target 

(100%, in this case). 

0074 All Randomized Patients Who Could be 
Adequately Dosed with Three Patches Delivering up to 45 
mg Nicotine/16 Hours (N=81). After completing this study 
and beginning data analysis, it became apparent that three 
patches, delivering 45 mg nicotine/16 hours, was not a high 
enough dose for all of the subjects in this trial to enable them 
to achieve their target cotinine replacement level. Conse 
quently, a post-hoc analysis was performed eliminating 
those patients who could not have achieved their target 
cotinine replacement level with the maximum number of 
patches allowed: three patches delivering 45 mg nicotine/16 
hours. Ten patients met this definition. Elimination of those 
ten individual left a sample size N of 81. (When the upper 
nicotine dosing bound of 45 mg was removed, the eight 
subjects randomized to the 100% replacement condition 
would have needed a nicotine patch dose between 50 and 90 
mg nicotine/16 hours.) Table 5 shows the nicotine patch 
doses, prescribed and actually issued at Visit 0, for the 50 
nicotine-treated Subjects who could be adequately dosed 
given the three patch boundary-limit in this Study design. 
Table 5A shows the nicotine patch doses prescribed and 
actually issued at Visit Ob, for the same 50 patients, after 
adjusting for the actual cotinine replacement levels achieved 
by the SODATMs first iteration. Table 6 shows the actual % 
Cot Replachieved by the individualized nicotine patch dose, 
as computed by the SODATM, for all subjects who could 
reach their target cotinine replacement level with three 
nicotine patches or leSS. 

TABLE 5 

SODATM Computed Nicotine Patch Dose to be Prescribed at Visit 0, 
to Attain Indicated Target % Cotinine Replacement Condition. 

All Randomized Patients Who Could Be Adequately Dosed With 
Three Patches Delivering Up To 45 mg Nicotine/16 Hours 

Active Conditions Only). 

Cotinine Replacement Condition 

50% 100% 
(N = 27) (N = 23) 

Mean Nicotine Patch Dose 14.0 + 6.9 mg 29.6 it 8.9 mgf 
(mg nicotine/16 hours) (5-35 mg) (15-45 mg) 
Median Nicotine Patch Dose 15 mg 30 mg 
(mg nicotine/16 hours) 
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TABLE 5-continued 

SODATM Computed Nicotine Patch Dose to be Prescribed at Visit 0, 
to Attain Indicated Target % Cotinine Replacement Condition. 

All Randomized Patients Who Could Be Adequately Dosed With 
Three Patches Delivering Up To 45 mg Nicotine/16 Hours 

Active Conditions Only). 

Cotinine Replacement Condition 

50% 100% 
(N = 27) (N = 23) 

Mode Nicotine Patch Dose 15 mg 15 mg 
(mg nicotine/16 hours) 

*Values are means + SD (range) 
P < 0.0001 compared to 50% replacement condition. 

0075) 

TABLE 5A 

SODATM Computed Nicotine Patch Dose, to be Prescribed at 
Visit Ob, to Attain Indicated Target % Cotinine 

Replacement Condition. 
- All Randomized Patients Who could Be Adequately Dosed With 

3 Patches Delivering Up To 45 mg Nicotine/16 Hours 
Active Conditions Only) - 

% Cotinine Replacement Condition 

50% 100% 
(N = 27) (N = 23) 

Mean Nicotine Patch Dose 21.1 it 11.2 mg 33.9 it 9.4 mg. 
(mg nicotine/16 hours) (5–45 mg) (15-45 mg) 
Median Nicotine Patch Dose 15 mg 35 mg 
(mg nicotine/16 hours) 
Mode Nicotine Patch Dose 15 mg 45 mg 
(mg nicotine/16 hours) 

*Values are mean + SD (range). 
fP < 0.0001 compared to 50% replacement condition 

0076) 

TABLE 6 

Actual %, Cotinine Replacement Achieved by the Nicotine Patch Dose 
Prescribed at Visit 0 (Table 5), Measured at Visit Oa. All 

Randomized Patients Who Could Be Adequately Dosed With 
Three Patches Delivering Up To 45 mg Nicotine/16 Hours 

Active Conditions Only 

Target 7 Cotinine Replacement 

50% 100% 
(N = 27) (N = 23) 

Mean Cotinine 37.3 17.1%f. 89.3 + 37.4%is: 
Replacement Attained (15.5-85.6%) (46.7–177.4%) 
Median Cotinine 34.0% 79.1% 
Replacement Attained 

*% Cotinine Replacement Serum Cotinine Level (in ng/ml) from Nicotine 
Patch = Serum Cotinine Level (in ng/ml) from Cigarettes (while smoking) 
x 100. 
Values are mean + SD (range). 
P = 0.0011 for mean % Cotinine Replacement compared to the target 
S0, in this case). P < 0.0001 compared to 50% Replacement Condition. 
P = 0.1858 for mean % Cotinine Replacement compared to the target 

(100%, in this case). 

0.077 As with all of the randomized patients (N=91), the 
difference between the mean % Cot Replactually achieved 
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for the patients assigned to the 100% condition and those 
assigned to the 50% condition was highly Statistically Sig 
nificantly different (P<0.0001). The difference between the 
mean cotinine replacement percentage actually achieved VS. 
the target replacement percentage continued not to be Sig 
nificantly different for the 100% cotinine replacement con 
dition (P=0.1858). Interestingly, when the subjects assigned 
to the 50% nicotine replacement condition were So adjusted, 
the percentage cotinine replacement actually achieved fell 
further (44.5% to 37.3%) and was significantly below the 
50% target (P<0.002), see Table 6. 
0078. 3. Treatment Effectiveness Produced by Individu 
alizing Nicotine Patch Dose to Achieve a Target % Cotinine 
Replacement Level. 

0079 Survival Analysis. 

0080 All randomized patients (N=91). Throughout the 
Six-week treatment period plus the Six-week tapering period, 
the higher the replacement condition, the better the Sustained 
Smoking cessation rate: 100% Cot Repl consistently had 
better results than the 50% Cot Repl condition, which, in 
turn, produced consistently better results than the placebo 
condition (0% Cot Repl) (Wilcoxon P-0.02), see FIG. 6. 
0.081 All randomized patients who could be adequately 
dosed with three patches delivering up to 45 mg nicotine/16 
hours (N=81). FIG. 7 shows that when the analysis included 
only the 81 patients who could achieve their target cotinine 
replacement level with a nicotine patch dose up to 45 mg 
nicotine/16 hours, then the benefits of individualizing nico 
tine patch dose to achieve 100% cotinine replacement were 
even greater. Both the Wilcoxon and log-rank P-values were 
significant at P-0.005 or better. Twelve-week continuous 
nonsmoking rates were boosted by more than 50% for those 
patients who had been randomized to achieve 100% cotinine 
replacement, compared to those who had been randomized 
to achieve 50% cotinine replacement: 63% nonsmoking vs. 
30% nonsmoking (P<0.007), see Table 8. 
0082 All patients by percent cotinine replacement actu 
ally attained (N=82). Post-hoc survival curves were also 
generated based on the percent cotinine level actually 
attained, irrespective of the original condition that Subjects 
had been randomized to. To accomplish this, only those 
patients who had not Smoked any cigarettes in the three days 
after their Target Quit Date until their Visit 0a (See FIG. 1) 
were included. There were 82 patients who said they had not 
Smoked, had daily diaries that confirmed that, and had an 
exhaled air carbon monoxide level of 9 parts per million or 
less at Visit Oa. With these 82 subjects, the % Cot Repl was 
computed by the following equation: 

% Cot Repl=Serum Cotinine (ng/ml) from nicotine 
patch dose at Visit Oa --Serum Cotinine (ng/ml) from 
cigarette smoking at baselinex100. (3) 

0083) Of these 82 subjects, 24 patients had 0% cotinine 
replacement; 23 had a cotinine level from the nicotine patch 
>0% but <50% cotinine replacement; 24 subjects achieved 
cotinine replacement levels that were 250% but <100%; 
and 11 patients achieved cotinine replacement levels 
2100%. These results, shown by the survival curves in FIG. 
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8, are also significant (Wilcoxon P=0.034; log-rank 
P=0.039). This family of Survival curves not only shows that 
those Subjects achieving 100% cotinine replacement or 
higher did significantly better than those who achieved 
cotinine replacement levels between 50-100%; but also, that 
those patients who achieved less than 50% cotinine replace 
ment from their patch dose did no better than those patients 
who were randomized to the placebo condition and had, in 
fact, 0% cotinine replacement. 

0084 FIG. 8 provides another important insight. Eighty 
percent of the Smokers who achieved 2100% cotinine 
replacement from their assigned nicotine patch dose were 
continuous nonsmokerS through the Six weeks of full nico 
tine patch treatment plus the Second Six weeks of tapering. 
In short, the Survival curve had stayed steady and the risk of 
relapse had not increased at all. Then, within four weeks of 
Stopping their nicotine patch dose, Somewhat more than 
50% relapsed, such that only 37.5% were continuous non 
Smokers through the four-month follow-up point. This vir 
tual, free-fall relapse continued over the next two months, So 
that only one-fourth were continuous nonsmokerS for the 
entire Six month period, or three months after Stopping their 
nicotine patch dose. Since nearly half of these patients had 
been receiving 30 mg nicotine/16 hours during the first 6 
weeks of treatment (Mean Nicotine Patch Dose=26.8+9.0 
mg tSD), those Subjects were then receiving 10 mg 
nicotine/16 hours through weeks 9-12. (The mean dose 
during this last tapering phase was approximately 9 mg 
nicotine/16 hours). The precipitous relapse after Stopping all 
nicotine patch use after Week 12 would Suggest that by a 
more gradual dosage reduction, relapse should be able to be 
Substantially reduced, if not eliminated. This conclusion is 
also Supported by the hazard analysis I carried out on our 
earlier nicotine patch Study data-base and presented at the 
National Meeting of the Society of Behavioral Medicine 
(Sachs et al. Relapse Hazard Functions During and After 
Nicotine Patch Smoking Cessation Treatment. 15th National 
Scientific Meeting, Society Behavioral Medicine. Boston 
Mass., 1994). 
0085 Mann-Whitney Two-Sample Rank Test Analysis. 

0.086 All randomized patients (N=91). Table 7 presents 
comparable data to that shown in FIG. 6. Here, however, the 
data are analyzed cross-sectionally using the Mann-Whitney 
Two-Sample Rank Test. Based on the dependent and inde 
pendent variables used in this study, the Mann-Whitney 
Two-Sample Rank Test looks for an association between 
nonsmoking Status and a higher level of cotinine replace 
ment. In other words, it specifically looks for an orderly, 
dose-response type of effect. As Table 7 clearly shows, this 
orderly, dose-response effect was seen during the Six weeks 
of treatment, during the Subsequent six weeks of nicotine 
patch tapering (weeks 6-12), and even through the four 
month follow-up visit, one month off all nicotine patches. 
The Mann-Whitney Two-Sample Rank Test was statistically 
significantly different (P<0.05, or better) at Week 6 (end of 
treatment) and through nicotine patch-dose tapering (Weeks 
9 and 12). 
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TABLE 7 

Percentage of Study Patients Continuously Not smoking from Week 2 
After Target Quit Date Through Week 26 (6 Months) by Treatment 

Condition. All Randomized Patients (N = 91 

% Cotinine Replacement Condition 

O% 50% 100% 
Week (N = 31) (N = 29) (N = 31) P-Valuef 

2 64.5% 82.8% 83.9% O.O721 
3 48.4% 58.6% 67.7% O.1244 
6 32.3% 55.2% 63.3% O.O154 
9 25.8% 48.3% 63.3% O.0034 
12 19.4% 34.6% 50.0% O.O173 
16 10.0% 24.0% 28.6% O.O874 
26 6.9% 24.0% 11.1% O.4443 

*Self-report of nonsmoking status objectively validated by CO is 9 ppm. 
if P-value computed by the Mann-Whitney Two-Sample Rank Test. 

0.087 All randomized patients who could be adequately 
dosed with three patches delivering up to 45 mg nicotine/16 
hours (N=81). Table 8 presents data comparable to that 
shown in FIG. 7, looking only at those 81 subjects who 
could be adequately dosed by three nicotine patches deliv 
ering up 45 mg nicotine/16 hours. Here the orderly, dose 
response relationship is even more clearly Seen and is 
significantly different through the fourth month of the study, 
or one month after all nicotine patch use had stopped (46% 
vs. 22% vs. 10% nonsmoking, for 100%, 50% and 0% Cot 
Repl conditions, respectively; P-0.02). 

TABLE 8 

Percentage of Study Patients Continuously Not Smoking from Week 2 
After Target Quit Date Through Week 26 (6 Months) by Treatment 

Condition. All Randomized Patients. (N = 91 

% Cotinine Replacement Condition 

O% 50% 100% 
Week (N = 31) (N = 27) (N = 23) P-Valuef 

2 64.5% 81.5% 87.0% O.O464 
3 48.4% 55.6% 78.3% O.O343 
6 32.3% 51.9% 72.7% O.OO39 
9 25.8% 44.4% 72.7% O.OOO9 
12 19.4% 29.2% 62.5% O.OO62 
16 10.0% 21.7% 46.2% O.O124 
26 6.9% 21.7% 20.0% 0.1477 

*Self-report of nonsmoking status objectively validated by CO is 9 ppm. 
P-value computed by the Mann-Whitney 2-Sample Rank Test. 

0088 All patients by % cotinine replacement actually 
attained (N=82). Table 9 presents data comparable to that 
shown in FIG. 8, looking at the 82 subjects split into the four 
conditions, as described before, based on the 96 Cot Repl 
actually produced by their nicotine patch dose, irrespective 
of the treatment condition they were originally randomized 
to. Once again, an orderly, generally Statistically significant, 
relationship emerges showing improved results with high% 
Cot Repl levels. Although not statistically significant after 
the end of the tapering phase (with the relatively small 
82-Subject sample size in this study), the trend would appear 
to be carried through one month and three months after 
Stopping nicotine patch use. 
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TABLE 9 

Percentage of Study Patients Continuously Not Smoking from 
Week 2. After Target Quit Date Through Week 26 (6 Months)* 
by Treatment Condition. All Patients by cotinine Replacement 

Actually Attained. (N = 82 

% Cotinine Replacement Condition 

O% >0%-50%. 25.0%-100%. 2100% 
Week (N = 24) (N = 23) (N = 24) (N = 11) P-Valuef 
2 75.O 78.3 83.3 1OO.O O.1065 
3 62.5% 47.8% 70.8% 81.8% O.1933 
6 41.7% 43.5% 65.2% 81.8% O.O138 
9 33.3% 34.5% 65.2% 81.8% O.OO19 
12 25.0% 15.8% 52.6% 80.0% O.OO16 
16 13.0% 15.8% 35.3% 37.5% O.O566 
26 9.1% 15.8% 21.4% 25.0% O.2124 

*Self-report of nonsmoking status objectively validated by CO is 9 ppm. 
P-value computed by the Mann-Whitney Two-Sample Rank Test. 

0089 4. Safety 
0090 The only adverse event which occurred, despite 
delivering nicotine patch doses up to 45 mg nicotine/16 
hours was mild itching and mild erythema at the patch 
application sites. There were no Systemic Side effects of any 
level of Severity. Specifically there was no nausea, vomiting, 
diarrhea, tachycardia, Sleep disturbance, insomnia or night 
mares. There were no Serious adverse events, Such as 
myocardial infarction or any adverse events which required 
emergency room Visits or hospitalization. In fact, no adverse 
events, either topical or Systemic, that could be classified as 
moderate or Severe, let along Serious, occurred in any of the 
91 patients in this study. The only adverse events which the 
Subjects reported were the mild, topical, cutaneous Side 
effects mentioned above. 

0091 5. Effectiveness of Higher Percent Cotinine 
Replacement in Relation to Baseline Measurements of 
Tobacco Dependence 
0092 Another way to examine the potential benefits of 
the treatment conditions to which patients in this Study were 
assigned is to use the data generated to examine the prob 
ability of being a continuous nonsmoker at Specific time 
points, for example, week 6 (end of treatment) or week 12 
(end of tapering phase), as a function of a specific baseline 
measurement of tobacco dependency. In this way, using a 
factor, or variable, which a physician could measure before 
even Starting the patient's treatment, the physician could 
have an idea of how effective, for example, no treatment VS. 
50% cotinine replacement by nicotine patch treatment VS. 
100% cotinine replacement by nicotine patch treatment 
should be. 

0093. Two potential predictor variables were identified 
that a physician might easily and conveniently measure 
before commencing treatment: FagerStrom Tolerance Ques 
tionnaire (FTO) Score and Serum cotinine level, in ng/ml, 
while Smoking. A logistic regression analysis on the data to 
examine these relationships is shown in FIGS. 9-12. Each 
figure is laid out in the Same fashion, showing the relation 
ship between the three conditions Subjects might have been 
randomized to in this trial, placebo patch treatment, treat 
ment with nicotine patch to achieve 50% replacement of the 
cotinine level that the patient had while Smoking, or nicotine 
patch treatment to provide 100% Cot Repl. 
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0094 FIG. 9 illustrates that the data obtained in this 
study show that at the end of six weeks of treatment, if the 
patient with a FTQ score of two received no treatment other 
than office Visits, then the probability of being a continuous 
nonsmoker was approximately 62%. In contrast, if the same 
patient, with a FTQ score of two, was provided a sufficient 
nicotine patch dose to replace 50% of the cotinine level 
obtained from cigarettes, then the probability of being a 
continuous nonsmoker for the first Six weeks increased to 
approximately 78%, while the probability of being a con 
tinuous nonsmoker increased to nearly 90% if the patient 
was provided an even higher nicotine patch dose So that he 
or she replaced (in venous blood) 100% of the cotinine 
previously obtained from cigarette Smoking. (Note vertical 
and horizontal dashed lines in FIG. 9). This improvement in 
Smoking cessation rate is significant at P=0.008 (the P-value 
shown for the “Dose” under the title for FIG. 9). 
0.095 If the smoker to be treated has a higher FTQ score 
(for example 11) then the probability of being a continuous 
nonsmoker for Six weeks falls off rather Sharply no matter 
what extent of nicotine patch treatment the patient might 
receive. The Success rates are still significantly better, 
though, if the patient receives nicotine patch treatment, 
designed to individualize the dose, along with the office 
Visits, rather than the office Visits alone (placebo condition). 
A patient presenting for treatment with a FTQ score of 11 
will have only a 10% chance of being a nonsmoker six 
weeks after Stopping Smoking if all he or She receives is 
regular office Visits. In contrast this increases in an orderly, 
dose-response fashion by four-fold, to nearly 40%, if the 
patient is provided an adequate nicotine patch dose to attain 
100% replacement (in venous blood) in relation to the 
amount of cotinine attained while Smoking cigarettes 
(P=0.008). 
0096. The P-values at the top of the figure show us the 
following: The higher the Fagerström score the lower the 
probability of quitting Smoking; however, the physician can 
Significantly and Substantially improve upon the treatment 
outcome by adjusting the nicotine patch dose to increase the 
cotinine replacement level (P=0.004 for the overall model). 
The Fagerström Tolerance Questionnaire Score, measured 
while the patient is still Smoking, is a powerful predictor of 
Smoking status, but in an inverse fashion (Fagerström 
P=0.030). Finally, the Dose, or treatment condition, that the 
patient was randomized to in this Study, is also a powerful, 
Significant, and independent, predictor of treatment Success, 
as shown by the Dose P=0.008: The higher the dose, or 
treatment condition, the better the treatment results. 

0097. These same conclusions, with even more highly 
Significant P-values for the probability of being a nonsmoker 
at week 12, the end of the Six weeks of nicotine patch 
tapering, are shown in FIG. 10. In fact, FIG. 10 shows us 
that in the absence of a higher nicotine patch dose to achieve 
a higher nicotine replacement, the patient is virtually 
doomed to failure if he or she has a FagerStröm Score of 8, 
9, 10, or 11, while the Smoker with a FTQ score of 11 has 
only about a 10-15% chance of being a continuous non 
Smoker for 12 weeks, even if given a nicotine patch dose 
providing 100% cotinine replacement, in relation to that 
cotinine level delivered by cigarettes. This is, though, nearly 
10 times better than being treated only with physician office 
Visits and no nicotine patches (about 2% quit rate). (This 
improvement in results shown by the Dose P=0.005.) 
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0098. Another potential predictor variable that has 
recently been examined in the medical literature is the 
cotinine level (in ng/ml) while Smoking cigarettes. The idea 
here, also, is that Smokers who extract high levels of nicotine 
from their cigarettes have resultantly higher levels of coti 
nine in their blood (or saliva). Baseline serum cotinine levels 
while Smoking cigarettes were measured. FIGS. 11 and 12 
show the relationship between treatment condition (nicotine 
patch dose individually adjusted to achieve a target cotinine 
replacement level of 0% placebo), 50%, or 100%), Baseline 
Serum Cotinine (in ng/ml), and Smoking quit rates. The 
relationships are very similar to that seen in FIGS. 9 and 10 
for the Fagerström nicotine dependency Score. AS with the 
Fagerström score, at the end of treatment (week 6), the 
overall model is highly significant (model P=0.029). While 
there is a clear trend that as the baseline Serum cotinine level 
increases, the probability of being a nonsmoker at Six weeks 
decreases, this did not reach Statistical Significance, however 
(Baseline Serum Cotinine P=0.295). Also, as with the data 
shown in FIG. 9, the higher the dose (% Cot Repl) the better 
the probability of continuously stopping Smoking (Dose 
P=0.019). 
0099 For example, if a smoker has a baseline serum 
cotinine, measured while Smoking cigarettes, of 300 ng/ml 
and is treated only with a Series of regular office visits during 
the first six weeks (placebo condition), as done in this study, 
then the probability of being a continuous nonsmoker for Six 
weeks is approximately 35%. If, on the other hand, in 
addition to receiving the same frequency and intensity of 
medical office visits, the patient also receives a Sufficient 
nicotine patch dose to develop a cotinine level 100% of that 
achieved in Venous blood while Smoking cigarettes, then the 
probability of being a continuous nonsmoker Virtually 
doubles to nearly 70% (P=0.019). 
0100. In contrast, however, at the end of nicotine patch 
tapering (week 12) all the relationships are highly statisti 
cally significant (see FIG. 12). The P-value for the overall 
model examining the relationship between nonsmoking, the 
baseline Serum cotinine, and the nicotine patch dose neces 
Sary to achieve the target cotinine replacement level is 
highly significant at Model P=0.001. Similarly, the decreas 
ing Success rate as the baseline Serum cotinine level 
increases is now highly significant with the Baseline Serum 
Cotinine P=0.007. Similarly, as was shown in FIG. 11 for 
the end-of-treatment results (week 6), using an adequate 
nicotine patch dose to achieve a higher cotinine replacement 
level Significantly and Substantially increases nonsmoking 
rates for the entire 12-week period, regardless of the Base 
line Serum Cotinine level (Dose P=0.024). Although the 
results for all dosing levels are significantly and Substan 
tially higher if the Subject is extracting less nicotine from 
cigarettes and, therefore, has a lower Baseline Serum Coti 
nine level while Smoking cigarettes, the improvement in 
outcome results is Statistically significant and also clinically 
meaningful and relevant, throughout the entire range of 
baseline Serum cotinine levels encountered in this study. 
Moreover, this range of cigarette-produced, baseline Serum 
cotinine levels is the range that is typically Seen in research 
trials and in practice. 
0101 These four figures clearly show the considerable 
benefits to be gained by individualizing and adjusting nico 
tine patch dose to achieve a higher blood level during 
treatment. Not Surprisingly, those who are leSS tobacco 
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dependent, whether measured by the FagerStröm Tolerance 
Questionnaire Score or by baseline blood cotinine levels, do 
better than those who are more highly dependent. Nonethe 
less, no matter what the tobacco dependency level, outcome 
results are Substantially and Significantly improved by 
increasing nicotine patch dose to increase the cotinine 
replacement level. 

0102) 6. Relationship of FTQ Score at Baseline and % 
Cotinine Replacement During Treatment and Treatment 
Effectiveness 

0103) The data were analyzed in yet another and inde 
pendent fashion. Specifically, Survival data for all Subjects 
whose Serum cotinine, measured three days after Starting 
patch treatment (Visit 0a), was provided by nicotine patches, 
i.e., the Subjects who had not Smoked during those first three 
days of nicotine patch treatment before their first Serum 
cotinine level after beginning treatment was determined. 
Eighty-two patients acroSS the three randomized treatment 
conditions (0% replacement, 50% replacement, and 100% 
replacement) had such "clean cotinine measurements. The 
survival data were pooled for all 82 subjects, in effect 
disregarding which of the three treatment conditions a 
Specific Subject might have been initially randomized to, and 
created a pooled, or composite, Survival curve. We then 
wanted to ascertain which of the three variables presented in 
the preceding analyses might predict Survival-continuous 
Smoking cessation-overall. To do this, we carried out the 
univariate, x' Wilcoxon Test. The three, potential, predictor 
variables that we included in this analysis were two mea 
Sured at baseline, while the patients were still Smoking, 
Fagerström Tolerance Questionnaire (FTO) score and serum 
cotinine level in ng/ml. The third variable was the percent 
age cotinine replacement level actually achieved by nicotine 
patch treatment, expressed as a percentage replacement of 
the cotinine level achieved by cigarette Smoking. Of these 
three variables, only the FTQ Score and the percentage 
cotinine replacement were statistically significant (x=4.28, 
P=0.0386 and x=5.61, P=0.0179, respectively). This analy 
sis, also, showed that Survival, or continuous Smoking 
cessation, was directly related to cotinine replacement and 
inversely related to FTQ score. In other words, the higher the 
cotinine replacement, the longer the Survival, or period of 
continuous abstinence, conversely, the higher the FTQ 
Score, the shorter the Survival, or time interval until relapse. 

0104 Forward, Stepwise Analysis. The same three vari 
ables were again examined and, instead of looking at them 
independently, the three variables were examined to see if 
adding the second “strongest variable to the first and the 
third “strongest variable to the second--the first would 
improve the significance of the model. Thus, we started with 
that variable which had the smallest X P-value, from the 
univariate analysis, adding the Second Strongest and the third 
Strongest, in order. Thus, Since the Cot Repl during nicotine 
patch treatment had the smallest P-value (or the largest X 
value) that variable was entered into the forward, Stepwise 
analysis first. Since this was, however, basically a repeat of 
the univariate X Wilcoxon Tests discussed above, that result 
was, of course, identical -X’=5.61 (P=0.0179). Next, the 
FTQ Score, measured at baseline, was entered into the 
forward, stepwise Wilcoxon Model. Adding this improved 
the X from 5.61 to 11.35, resulting in an overall P-value for 
the model of 0.0034. The incremental X produced by 
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adding the FTQ score measured at baseline to the % cotinine 
replacement achieved by nicotine patch treatment was 5.75 
(incremental P=0.0165). 
0105 The third step was to add the serum cotinine level 
measured in Venous blood at baseline, while the Subjects 
were still Smoking cigarettes, to see if that would improve 
the strength, or validity, of the model further. It did not. 
Adding the baseline cotinine only increased the X of the 
total model from 11.35 to 11.59, but it reduced the X 
P-value from 0.0034 to 0.0089. The incremental X value 
produced by adding the baseline cotinine was trivial, at 0.24, 
with an insignificant incremental P-value of 0.6244. Con 
Sequently, this analysis indicates that the baseline cotinine 
would not be considered in such a model, only the Cot Repl 
achieved by nicotine patch treatment+baseline FTQ score. 

0106 Note that adding the baseline FTQ score doubles 
the model's X value and improves the P-value of the model 
by nearly a full order of magnitude. This indicates that FTQ 
Score and resultant cotinine blood levels produced during 
nicotine patch treatment are independent predictor variables 
of Survival, or Smoking cessation Success. If the FTQ Score 
was measuring essentially the same thing as the % Cot Repl, 
then adding the FTQ score to the % Cot Repl in this forward, 
stepwise Wilcoxon Model would not have produced a larger 
X value nor made the overall X P-value for the model 
Smaller. But it did. That the serum cotinine level measured 
at baseline, while patients were Still Smoking, worsened the 
XP-value of the model, pulling it down to 0.0089, does not 
mean that the baseline cotinine level is not relevant. What it 
means is that the baseline cotinine level is measuring 
essentially the same thing as is measured by either the 
baseline FTQ score (likely) or the 76 Cot Replachieved 
during treatment (also likely, since the cotinine replacement 
achieved during treatment is a function of the baseline 
cotinine), or both (most likely). Thus, adding the baseline 
cotinine measurement does not improve the predictive 
power of this model. 

0107 These conclusions further indicate that it will be 
possible to construct a four-dimensional model showing 
probability of Stopping Smoking in relation to the baseline 
FTQ score (which is, de facto, non-modifiable) and the 50% 
cotinine level achieved during treatment (which is most 
definitely modifiable and completely under physician and 
patient control) and time from target quit date. Second, 
knowing this, the physician should, in fact, be able to tailor 
the nicotine patch dose to achieve an optimal cotinine 
replacement level, as a direct function of the baseline FTQ 
score. The implication here is that patients with a lower FTQ 
Score do not need as high a % Cot Repl to maximize their 
probability of Stopping Smoking as another patient who has 
a higher baseline FTQ Score. For example, a patient with a 
FTQ score of only 2 may only need to be prescribed a 
nicotine patch dose sufficient to achieve a 50% Cot Repl 
replacement, to have an 80% chance of Succeeding in 
Stopping Smoking. In contrast, another patient with a base 
line FTQ score of 11 may need a much different nicotine 
patch dose, such that he or she is able to achieve a 175% Cot 
Repl in order to have the same probability of Stopping 
Smoking. That the physician can now respond in a rational, 
therapeutic way to treat patients with Such easily and clearly 
identifiable pre-treatment differences, while Standard prac 
tice for many areas of medical therapeutics, is a new and 
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revolutionary finding for both diagnostic and therapeutic 
management of tobacco dependency. 
0108. To confirm this approach, the data from the present 
Study were used to construct a four-dimensional model 
looking at precisely these relationships. The results, shown 
in the next Section are dramatic and Singularly impressive. 
0109 7. Four-Dimensional, Databased Analysis Predict 
ing Smoking Cessation Over Time from Baseline FTQ Score 
and Cotinine Replacement During Treatment 
0110 Step-wise, logistic regression analysis was per 
formed to develop a Series of models to enable prediction of 
abstinence over time. For the purposes of discussion herein, 
we shall present resultant equations and graphic models for 
Six weeks, representing the end of treatment, and 12 weeks, 
representing the end of tapering. Based on Our data reported 
in this study, the continuous six weeks abstinence proportion 
is shown by the following equation: 

P=1/(1+e") (4) 
0111. Where: 

0112 P=Fractional probability of being a non 
Smoker for six continuous weeks, 

0113) 
0114 =1.2342-0.2905 FTQ+0.0171% Cot Repl. 

0115 The P-value for the overall model is highly signifi 
cant at P=0.0035, with the P-values for the Percentage 
Cotinine Replacement and FTQ being 0.0096 and 0.0342, 
respectively. 

0116 Equation 4 can then be solved for the desired 
cotinine replacement level to be achieved, given a desired 
probability, of 0 to 1.0, of being a nonsmoker and the 
patient's FTQ Score, measured at baseline. Rearranging 
Equation 4, then, produces Equation 5: 

e=The base of the natural logarithms, and 

X={-1.2342+0.2905 FTQ+1n P/(1-P)}/0.0171 (5) 
0.117) Where 

0118 X=the percentage cotinine replacement level 
to be achieved by nicotine patch treatment, 
expressed as % Cot Repl as defined earlier in Equa 
tion 3; 

0119 FTQ=Fagerström Tolerance Questionnaire 
SCOre, 

0120 1 n=natural log, and 
0121 P=Fractional probability of being a non 
Smoker for six continuous weeks. 

0122) Using a specific example, if a patient has a FTQ 
score of 7 and the % Cot Replachieved was 180%, then 
entering those values into Equation 4 and Solving for P6 we 
get a 0.91, or 91% probability of being a continuous non 
Smoker through Week 6. This is shown graphically in FIG. 
13. This is based directly on the observed data from our 
Study. 
0123. Alternatively, a practitioner could use this database 
and Equation 4 to answer the question: “What cotinine 
replacement level should be targeted a if the patient wants a 
95% probability of being a nonsmoker for six weeks?” For 
the same patient, with a FTQ Score=7, then Solving Equation 
5, the desired cotinine replacement level to be achieved by 
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an adequate nicotine patch dose would be 220%. (A note of 
caution, this high of a cotinine replacement level exceeds 
any cotinine replacement levels actually observed in our 
database at this time. Thus, a final equation may be slightly 
different than presented above.) 
0.124. A similar logistic equation was developed for 
12-week, continuous abstinence as follows: 

P=1/(1+e) (6) 
0125 Where: 

0.126 P=Fractional probability of being a non 
Smoker for 12 continuous weeks, 

O127) 
0128 = 1.6767–0.5716 FTQ+0.0285 (% Cot Repl). 

0129. This equation has an overall P-value=0.0001, with 
P-values for the FTQ score and % Cot Repl of 0.0013 and 
0.0007, respectively. 

e=The base of the natural logarithms, and 

0.130 Rearranging this equation to enable computation of 
the desired Serum cotinine replacement level to be achieved 
by nicotine patch treatment, produces Equation 7: 

X={-1.6767+0.5716 FTQ+In LP/(1-P)}/0.0285 (7) 
0131 Where: 

0132 X=the percentage cotinine replacement level 
to be achieved by nicotine patch treatment, 
expressed as % Cot Repl as defined earlier in Equa 
tion 3; 

0.133 FTQ=Fagerström Tolerance Questionnaire 
SCOre., 

0134) In=natural log; and 
0.135 P=Fractional probability of being a non 
Smoker for 12 continuous weeks. 

0136 Equations 6 and 7 are shown by FIG. 14. 
0.137 Thus, for the first time the clinician is provided 
with a tool to, with a high degree of confidence, at least 
within the boundary of the data ranges shown in FIGS. 13 
and 14, individualize percentage cotinine replacement to 
achieve a desired probability of abstinence based on the 
patient's Fagerström Score. This, then, translates directly to 
a target nicotine patch dose, using Equations 1 and 2, 
described earlier in this report (the Sachs Optimal Dosing 
Algorithm). 
0.138 Although the foregoing invention has been 
described in detail for purposes of funderstanding, it will be 
obvious that certain modifications may be practiced he scope 
of the appended claims. 

What is claimed is: 
1. A Smoking cessation method, Said method comprising: 
measuring a blood nicotine concentration while a patient 

is Smoking, 
determining at least two values corresponding to patient 

characteristics Selected from the group consisting of a 
body mass factor, a cumulative Smoking factor, a 
psychological dependence factor, age, and menopausal 
Status, and 
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administering nicotine to the patient at an initial dosage 
determined based on Said blood nicotine concentration 
and Said at least two values. 

2. A method as in claim 1, wherein the nicotine is 
administered transdermally with the initial dosage con 
trolled by the area of transdermal delivery. 

3. A method as in claim 1, wherein the nicotine is 
administered transdermally with the initial dosage con 
trolled by the concentration of nicotine in a transdermal 
patch. 

4. A method as in claim 1, wherein the initial dosage is 
determined to maintain a target Serum nicotine level in the 
patient which is at least 40% of the Smoking nicotine 
concentration. 

5. A method as in claim 1, wherein the patient is a male 
and the patient characteristics include at least a body mass 
factor and a cumulative Smoking factor. 

6. A method as in claim 5, wherein the body mass factor 
is a body mass index which is weight divided by height 
Squared and wherein the cumulative Smoking factor is the 
number of packs Smoked per day immediately prior to 
cessation times the number of years Smoked. 

7. A method as in claim 5, wherein the patient character 
istics further include a psychological dependence factor, 
which is measured using the FagerStröm Tolerance Ques 
tionnaire. 

8. A method as in claim 7, wherein the patient character 
istics further include age measured as years. 

9. A method as in claim 1, wherein the patient is a female 
and the patient characteristics include at least a psychologi 
cal dependence factor and age. 

10. A method as in claim 9, wherein the psychological 
dependence factor is measured using the Fagerström Toler 
ance Questionnaire and age is measured as years. 

11. A method as in claim 9, wherein the patient charac 
teristics further include menopausal Status, wherein no fac 
tor is introduced for pre-menopausal women and wherein a 
body mass factor is introduced for post-menopausal women. 

12. A method as in claim 11, wherein the patient charac 
teristics further include a body maSS factor which is weight 
divided by height Squared. 

13. A method as in claim 1, wherein the blood nicotine 
level is measured as a stable nicotine metabolite. 

14. A method for determining a relationship between 
nicotine dosage and nicotine Serum concentration in a popu 
lation of patients who Smoke tobacco, Said method com 
prising: 

measuring blood nicotine concentrations in individual 
patients in Said population while Said individuals are 
Smoking; 
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administering a known dosage of nicotine to the patient 
after the patient has stopped Smoking, 

measuring blood nicotine concentrations in each indi 
vidual patient while administering nicotine and while 
the patient refrains from Smoking, 

determining at least two values corresponding to charac 
teristics from each individual patient Selected from the 
group consisting of a body mass factor, a cumulative 
Smoking factor, a psychological dependence factor, 
age, and menopausal Status, and 

determining a relationship between nicotine dosage and 
nicotine Serum concentration as a function of blood 
nicotine concentration while Smoking and Said at least 
two patient characteristics. 

15. A method as in claim 14, wherein the dosage is 
administered transdermally with at least one patch, wherein 
the determined relationship is blood nicotine level per patch. 

16. A method as in claim 14, wherein the patient is a male 
and the patient characteristics include at least a body mass 
factor and a cumulative Smoking factor. 

17. A method as in claim 16, wherein the body mass factor 
is a body mass index which is weight divided by height 
Squared and wherein the cumulative Smoking factor is the 
number of packs Smoked per day immediately prior to 
cessation times the number of years Smoked. 

18. A method as in claim 16, wherein the patient charac 
teristics further include a psychological dependence factor, 
which is measured using the FagerStröm Tolerance Ques 
tionnaire. 

19. A method as in claim 18, wherein the patient charac 
teristics further include age measured as years. 

20. A method as in claim 14, wherein the patient is a 
female and the patient characteristics include at least a 
psychological dependence factor and age. 

21. A method as in claim 20, wherein the psychological 
dependence factor is measured using the Fagerström Toler 
ance Questionnaire and age is measured as years. 

22. A method as in claim 20, wherein the patient charac 
teristics further include menopausal Status, wherein no fac 
tor is introduced for pre-menopausal women and wherein a 
body mass factor is introduced for post-menopausal women. 

23. A method as in claim 22, wherein the patient charac 
teristics further include a body mass factor which is weight 
divided by height Squared. 

24. A method as in claim 14, wherein the blood nicotine 
level is measured as a stable nicotine metabolite. 


