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Abstract

Lung cancer continues to be the leading cause of cancer death in Canada. Thirty percent of
cancer deaths in men and one-quarter in women are due to lung cancer alone. Prognosis is better
for patients diagnosed with early stage lung cancer (>80% 5 year relative survival) than those
with late stage cancer (<10% S year relative slirvival). Screening for early stage lung cancer,
before the onset on clinical symptoms, leads to a reduction in risk of invasive cancer. In order for
a cancer screening programme to be recommended as a cancer control strategy, certain
fundamental criteria must be fulfilled, one of which is the cost-effectiveness of the proposed

screening test.

To facilitate funding allocations of scarce resources across health care programs, economic
evaluation models are used to compare the cost-effectiveness of different health interventions. In
this model, the cost-utility of using automated sputum cytometry (ASC) versus spiral CT alone

as a first step in screening for early stage lung cancer is determined.

ASC consists of a high-resolution quantitative microscopy system that analyzes the
concentration and distribution of DNA and chromatin structures within the cell nucleus of
sputum cells. This will determine the likelihood of lung cancer presence in the particular patient.
ASC followed by computed tomography (CT) scanning is hypothesized to be less costly with

improved prognosis from early detection of disease.

Using a computer-simulated model, a hypothetical cohort of patients at high risk for lung cancer
was screened using ASC as a first step in the screening algorithm. The incremental cost-utility
was determined for 5-year annual screening using ASC and CT compared to CT screening alone

and no screening.

Results show ASC is moderately cost-effective with an incremental cost-utility (compared with
no screening) of $54,923/QALY (2002 CDNS$). Using the most favourable assumptions for the
model, the cost-effectiveness improved to $34,388/QALY. Comparatively, screening with CT
alone was a weakly dominated strategy. Sensitivity analyses showed the most influential

parameters to be specificity of the ASC test and prevalence of disease.
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Despite certain limitations with the study, a very conservative approach to treatment and costs

was adopted in the model and ASC shows promise as a cost-effective lung cancer screening tool.
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Chapter 1. Introduction

. The rising demand for health services coupled with static or decreaéing resources with
which to pay for them has resulted in iric,reas'ingv interest in the economic analysis of medical
interventions. Economic aﬁpraisal is concerned with assessing the efficiency of the way in which
scarce resources are used. These economic evaluation techniques are a way of organizing,
thinking about and carrying out measurement of the consequences identified with alternative
courses of action. It is argued by health econorﬁiéts thaf such evaluations should go hand-in-hand
with resburcé allocation de_cisioné in érder_to accrue maximum benefits from limited resources.
Research into fhe economié aspects of health care interventions is now carried out and supported
by health care pfofessionals, government, the insurance industry and the pharmaceutical
industry. Each of these groups brings to tv_he“ field their own particular biases and vested interests,
and the interpretation of studies needs to be carried out with recognition of this fact in mind.

One of th¢ important devélopments of medical séience during the past twenty-five years
has been thé emergerice of screening prégrammes to detect various cancers at an early stage.
Successful population-based programmes include both breast and colorectal cancer screening
(Scholeﬁed', 2002; Whyneé, 1992; 'Elixhéuser, 1991). In further support of these health
interventions, econpmic evaluation techniques have shown these screening tools to be cost-
effective apprdaches (Whynes, 1992; Sonngnberg, 2002; Gyfd-Hansen, 1991) to wide-spread
diséase with high mdnality. Lung cancér, the most common cause of cancer death in North
America, should be a‘ good candidate for screening because of high mortality, differential
survival by stage of diseése, the current low rate of early detection because of lack of symptoms
early in disease, the availability of effective ihtervention for very early disease and the high costs
associated with treatments for later stages of the disease (Marshall, 2001). Currently, there are no
medical organizations in North America .that recommend lung cancer screening for the general

population, particularly as it still remains to be clinically proven that screening reduces lung
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cancer mortality. Nevertheless, the topic 1s at' the centre of vdebz.ite among health professionals
with previous screening studies being critically reviewed (Reintgen, 1996; Chamberlain, 1996;
Kramer, 1999). In this regard, there are a number of serious limitations to several National
Cancer Institute Cocperative Trials and new‘studvies nnderway show that lung cancer screening
does improve survival. Furtherrnore, there have been vdra.matic advances in diagnostic imaging
and the molecnlar_ detection of lung cancer such as computerized vtomography (CT scans) and
sputum cytolcgy that will likely play. a sigrliﬁcnnt role in future ‘lung cancer screening,.

Economic evaluations of lnng cancer screening tools to date have been limited and there
are few publiehed scientific s'rudi'es that are based on.real time clinical data. On account of the
high prevalence and mortality of lnng cancer as Weli as its suitability for a population based
screening strategy, the cost- effectlveness of such a prcgramme is one that cannot be ignored.
One approach being studled at the BCCA is using computer assisted sputum cytology (ASC) as a
non-mvasrye techmque to screen patients at high risk for developing lung cancer. A costing
model has been designed for fhis economic evaluation to assess the costs and outcomes of ASC
screening compared to no Screening and screening using CT scans.

Whenever possible, the‘s'ta.tistics _reporred in this paper are reflective of the Canadian
population and in many. instances, the' prcvince of British Columbia is used specifically as a
source for lung cancer information. This is reflective of the location of the study and aids in
supporting the implementation of such a population based screening programme specifically in

the province of British Columbia. |

The objectives of this thesis are as follows:
1. To review various aspects of lung cancer such as burden of disease, etiology and its
suitability as a disease for screening, as well as to provide a brief description of ASC and

justify reasons for its use in lung cancer screening.
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2. To describe the process of economip _evéluation as it relates to the topic of lung cancer
screening, including ‘definitions, strategies and review of previous scientific studies
related to the cost-effectiveness of such screening‘methdds.

3. To evaluate the effectiveness of ASC using real clinical data frbm the Lung Health Study
at the BCCA to bé used subsequeritly in the decision model.

4. To‘.design an ecénomic ‘decis'io'n model that tests thé effectiveness of using ASC prior to
CT scanning in comparison to both no screening and screening with CT scan using the

decision analysis software TreeAge™ and to test the robustness of the model with

sensitivity analySés.




Chapter 2. Lung Cancer Screening

To proceed with the proposéd study of the cbst associated with screening for lung cancer
in é high risk cohért it is essehtial to hailé a detéiléd undérsﬁanding of lung cancer. This chapter
provides an overalllreview‘of lung cancer and ifs sﬁitability as a disease for screening as well as
description of ASC.

For clinical purposes, lung cancer is classified as small-cell lung cancer (SCLC) and non-
small cell luhg éa.ncer (NSCLC: squamous cell carcinoma, adenocarcinoma, large cell
carcinori;a) due to the differer’;t '.biélogivc.al béh‘aviouf of .th'e'sé entities. SCLC represents
approximately 20% of ail lung bcar.lcers and is c}iaraéterized by rai)id growth and usually early
hematogenous metastases ‘(Diederich, 2003). The. different types of NSCLC represent
approximétely 80% of lung cancer cases ar‘l.d_‘typically exhibit slower growth and later, usually
lymphatic metastases. In NSCLC, surgery is believed to represent the most effective therapy and
is performed whenever possible (i.e. in localized tumoilrs, which can be completely resected).
More advanced, non-resectable turriours aré treated with neoadjuvant radiotherapy/chemotherapy
and patients with 1até stage NSCLC can only be dffered palliative chemotherapy in most
instances. SCLC, on thev contrary is regardéd as a systemic disease in most cases and treated with

chemotherapy with or without radiétherapy. Surgical resection is rarely performed.

2.1 Burdgn of Disease

At the beginning of this century, lung cancer was a rare disease. The present global
epidemic, with over twvo million deaths estimated in the year 2000, is the direct result of
governmentally sanctioned production and .aggres'sive marketing of addictive tobacco products,
primarily cigaretteé. Lﬁng céncer is thé fn'oét COmrhon cause of cancef death in North America.

More people die from lung cancer than breast éancer, colorectal cancer and prostrate cancer
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combined (National Cancer Institute of Canada, 2002). The primary reason for such a dismal
cure rate is that nearly ail lung canéers are found at a very late stage, making curative treating
impossible. A presence of sy:ﬁptoms usually indicates advanced disease. A potentially more
effective way to ivmprov‘ev Qutcomes is to detect thé ‘cancer Qhen curative treatment, such as
surgery, can be applied_(Mdrrison, 1992). |

Acéording to fhe Canadian Cancer Society, lung cancer will continue as the leading cause
of cancer death among Canadians in 20(")2..'"‘Fhi11y pércént of cancer deaths in men and twenty-
five percent in women are due to.111‘ng cancer alone (N atioﬁal Cancer Institute of Canada, 2002).
Table 2.1. shows the estimated new cases and deaths for the 4 major cancer sites in Canada in
2002. Of the :12,000 new cases among rhgh in Caﬁada, '1,3'50 cases occur in the province of
British Columbia while females in the province account for 1,250 new céses of lung cancer.
Table 2.2 provides details of the age-sténdar_dized incidence and mortality rates for lung cancer
in Canada and in B.C. épeciﬁcally; 'Alth_ough the incidence of lung cancer for males in B.C. is
significantly less than that éf the national average, (59 per 100,00.0 compared to 74 per 100,000),
the rate for women in B.C. is "comparabllve:: I"to thé rafe_ across Canada (46 per 100,000 to 47 per
100,000). Mortality rates among women are actually worse in B.C. compared to national figures
which are reflective of the rapid increase in lung cancer m’ortaiity in women over the past 3
decadés. It is therefore imperative that a lung cancer screening programme in B.C. adopt special
efforts to target women who have a predisposition to lung cancer. Lung cancer will remain the
leading cause of cancer death among both men and women (Table 2.3) with a total of 18,400
deaths in Canada (more than breast, pfostrate and colorectal combined) with 2,300 of those
deaths estimated to occur in B.C. in 2002. The unfortunate statistics highlighted above are

reflective of a disease with very low 5-year survival rates. Table 2.4 indicates that only 14% of

males and 17% of females will survive longer than 5 years from the time of diagnosis.




Table 2.1 Estimated New Cases and ']')ea't_hs‘ for Cancer Sites by Gender, Canada, 2002

New Cases ‘ Deaths Deaths/Cases Ratio
2002 Estimates - 2002 Estimates 2002 Estimates
Total M F  Total M F Total M F

All 136,900 © 69,800 67,200 66,200 35,100 31,100 0.48 0.50 0.46

Cancers ' - : :

Lung - 20,800 12,000 8,800 18,400 10,700 7,700 0.88 0.89  0.87

(Canada) ' . :

Lung - 2,600 1,350 1,250 2,300 1,200 1,100 0.88 0.89 0.88

(B.C) -

Breast | 20,700 140 20’,500 5,400 40 5400 026 030 0.26

Prostrate 18,200 18,200 - 4,300 4,300 - - 024 024 ---

Colorectal =~ 17,600 9,500 8,1 00 6,600 3,500 3,000 0.37 037 037
--- Not Applicable |

Source: Surveillance and Risk Assessment Divisioﬁ, CCDPC, Health Canada

Table 2.2 Estimated Age—standardizéd Incidenc'é and Mortality Rates for Major Cancer
Sites by Gender, Canada, 2002

Incidence Rate =~ Mortality Rate

(per 100,000) (per 100,00)
Canada British Columbia - Canada - British Columbia

MALES | o

All Cancers 442 456 224 195
Prostrate 120 v 121 29 24
Lung 74 , 59 67 54
Colorectal 59 54 22 16
FEMALES

All Cancers 347 323 151 140
Breast - 106 102 26 23
Lung 47 46 38 39
Colorectal 39 35 o 14 10

Source: Surveillance and Risk Assessment Division, CCDPC, Health Canada




Table 2.3 Distribution of Lung Cancer by Age Group and Gender, Canada, 2002

Age Group - Total Males Females
New Cases _

20-29 20 15 10
30-39 180 80 100
40-49 1000 450 560
50-59 3200 1650 1550
60-69 6000 3600 2400
70-79 - 7000 4300 2700
80+ 3400 1900 1450
Ages 20+ 20800 12000 8800
Deaths -

20-29 5 - -
30-39 110 40 . 65
40-49 740 310 430
50-59 2400 1250 1100
60-69 - 4900 3000 1950
70-79 6500 4000 2600
80+ 3700 2200 1600
Ages 20+ 18400 7700

10700

- Fewer than 3 cases or deaths

Source: Surveillance and Risk Assessment Division, CCDPC, Health Canada

Table 2.4 Age-standardized Five-year Relative Survival Rates, Canada, 1992

Prostrate Colorectal Lung
Relative Relative Relative
MALES Survival 95% CI - Survival 95% CI  Survival 95% CI
Rate (%) ' Rate (%) Rate (%)
Canada ' 87 85,88 - 56 54,58 14 13,15
British 91 - 88,93 59 54,63 12 10,15
Columbia :
Breast Colorectal Lung
~ Relative Relative : Relative
FEMALES Survival 95% CI Survival = 95%CI  Survival 95% CI
Rate (%) Rate (%) - Rate (%)
Canada 82 81,83 59 58,61 17 16,18
British - 85 83,87 61 56,65 15 12,18
Columbia

Source: National Cancer Institute of Canada, Canadian Cancer Statistics, 2002




Survival rates in B.C. are slightiy loWer thah the rate across Caﬁada at 12% and 15% for males
and females respectively. A large proportién of lung cancer is detected in patients when the
disease has already progressed to a late stage (Stage III or vIV) when curative options such as
surgery are no longer viable (Lam, 2001)..Figub‘re 2.1> shows the likelihood of survival with lung
cancér .dependent on the stage at diagnosis. 'It. is for this reason that early detection becomes
crucial to increasing the 1ife exﬁécfanéy of lung cancer pa;ciénts and, in the longer term, reducing
mortality.

For any early detection st_rategy to be effective in reducing the impact of a disease it is
necessary that the d..iseasev of interevst. héve_ a detectabie, 'preclinical phase, before widespread
symptoms appear (fhe onset of syrnptoms usually _means. late 'stzige disease with respect to lung
cancer) (Bach, 2003). Lung'cancéf has a case fétalitj'rate of some 90% when left to be
diagﬁosed on the prompting of Symptoms (Qr an abnormal ﬁndiﬁg in chest imaging) (Strauss,
1999). Mosf clinical experien_ck indicates tﬁat the smaller a primary tumour is at the time of
detection, the more favourable ié the clinical outcome (Martini, 1999). Only about 10% of
primary lung tumours that are less than _a' centimetre in diameter have been found to develop into
metastatic tumours (Martini, 1999). The pfeclinfcal phase begins when the process of malignant
transformation oécufs and eﬁds wheﬁ signs or syrhptoms of disease permit the clinical diagnosis

of cancer (Strauss, 1999).

2.2 Smoking as a Risk Factor for Lung Cancer

The use of tobacco products is the single most important cause of preventable, premature

cancer deaths. Other risk factors for lung cancer include exposure to asbestos, radioactive radon,

nickel, chrdmium; and arsenic (Diederich, 2003). Current estimates indicate
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Figure 2.1 Likelihood of survival from lung cancer depending on stage at diagnosis.




that 87% of all cases of lung cancer are .directly attributable to cigarette émoking, including 90%
of lung canceré in mén and 79% ‘of casos in women.'! In addiiion, many deaths from other
diseases also occur because of smoking. Afnong men, smoking is responsible for almost one-
third of potentiaI year_é of life iost dlie to all cancers and among women the number drops to one-
fifth of potential years of life lost due to all cancers (American Cancer Society, 1992). Lung
cancer relative risk among longfterm cigarette smokers is increased 10-30 fold compared to the
lifetime non-smoker. Unfortunately, although smoking cessation is an effective lung cancer
prevention strategy, many yéars of sinoking abstinence are _r_equired‘ for lung cancer risk to be
reduced significantly ainong lon_g-terrn s‘mokors‘. Moroover, even after decades of complete
smoking abstinence, the risk _of lung cancer in formér smokers fails to reach the level of the
lifelong non-smoker. Because of the relationship between cigarette smoking and carcinogenesis,
a population at high'risk‘ for .lung cancer is readily definable.

| A recent stuoy done by the Canadian Tob‘acco Use Monitoring Survey (CTUMS) reveals
that 5.4 million Canadians or 22% of the population, aged 1'5 years and older,‘ were smokers in
the year 2001 (Heaith Canada Tobacco éontrol Program, 2001). The province of B.C. again
reported the lowest prevalence for current smokers 15 years and older at 17%. Table 2.5 outlines
smoking statistics in Canada and BC speciﬁcally. Approximately 24% of men are smokers,
slightly higher than the proportion of women (20%) (CTUMS, 2001). Cigarette consumption
also varies across the country ranging from a loiiv of 14.6 oigarettes/day in BC to a high of 17.6
cigarettes/day in New Bi'unswick; the national Canadian a\ferage is 16.2 cigarettes/day (CTUMS,
2001).

For several years now there haye been more foriner smokers than current smokers in the
Canadian population and statistics shovxi this will remain the case for at least another 50 years

due, in part, to the fact that CTUMS found young adults in Canada aged 20-24 still have the
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Table 2. 5 Percentage of SmokKers in Canada and British Columbla by Age Group and Sex,

2001
A“-Age 12-14 © 15-19  20-34  35-44  44-65 65+
Groups ~ s .
Canada .
Both Sexes! 217 3.0 18.3 26.1 27.1 24.9 10.4
Males 23.5 2.2F 17.7 29.5 29.2 27.3 11.7
Females 194 3.8 189 . 227 24.9 22.6 9.5
British Columbiav , ,
Both Sexes 16.7 F 10.4 20.7 20.4 18.8 7.9
Males 17.9 F 101 225 21.9 222 9.0
Females 147 - F 106 . 18.9 19.0 15.5 7.1

"Those reporting smoking daily. - - .
Source: CTUMS, 2001 - Health Canada Tobacco Control Program
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highest smoking rate of any age group at 32% (CTUMS, 200 l.). Even if this entire cohort quit
smoking today they would remain va.t risk fér_ lung _cancef for rhany years. It is for these reasons
that an already high and ‘inc}reasing proportidn of néwly diagnosed lung cancer cases will
continue to be diagnosed among those who héve quit émoking. Table 2.6 reveals the distribution
of smokers éccor_ding to ér_noking 's.tat‘us, by_age groiib and Sex. There are indeed more former
smokers in Caﬁada in 2001 than current smokers.

Amid some of the discouraging 'stafistics on smoking in Canada there is some good news.
Overail, Canadians ‘are ﬁqoving towards a srﬁoke-free sociéty, albeit siowly. According to the
Report on Smokihg Prevalence in Canada, 1985-1999 (Gilmore, 2000), there have been
statistically significant declines in current smbking prevalence of Canadian adults aged 15 and
older between 1985 .and_ 1999. The prevaience :raté for smoking dfopped from 35.1% in 1985 to
30.8% in 1991. From theré, rate$ féll'to 27.2% in 1996 and even further to 24.8% in 1999
(Gilmo're,‘ 2000). Unfortunately,.the 'only age groﬁp in Canada to show a steady increase in
smoking prgvalence over the past 15 years are those aged 15-19.

Due to the. high correlation of smoking and lung cancer (Burns, 2000) it follows that in
order for a population béSed séreening program to Be cost-effective it is necessary to target a
select group of peoplé to screen fof the disease. This model will target people who are current or
former smokers and will use pack years as one of the qualifying criteria for screening. Pack years
are a quantitative measure that combines thé length of time and average number of cigarettes
smoked by an individual over their lifetime:. For example, if an individual smoked 1 pack of
cigarettes/day (assuming 20 cigarettes in a pack) for 30 years they are considered to have a 30
pack year history. If another individual smoked % pack/day for 20 years they are considered to
have a 15 pgck year history. Pack years are used routinely in screening studies when selecting a
target population to screen, a populatibn that would be at higher risk for developing lung cancer

and.therefore more likely to benefit from screening. Recent published literature on
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Table 2.6 Smoking Status and Average Number of Cigarettes Smoked Per Day, by Age
Group and Sex, Age 15+, Canada 2001

S Population - Current Former Never Average
€Xx or age . - - . cigarettes
eroup . es‘tlmate smgkers _ ‘smczkers smczkers smoked
, - (f000s) (W) (W) (%) per day’
c ‘ Total 24916 217 . 238 54.4 16.2
anada : ~ R . I
- - 15-19 2,073 25 49 72.6 12.9
20-24 2,097 321 9.3 585 139
25-44 9,666 250 214 53.6 16.3
45+ - 11,080 16.8 32.2 51.0 17.4
Male (15+) -~ 12,270 . 239 27.3 488 - 171
1524 2,132 - 282 6.8 64.9 14.5
25+ 10,138 229 316 455 17.7
Female (15+) - 12,646 19.6 205 59.9 15.0
15-24 2,038 26.3 7.5 66.2 12.4
25+ 10,607 183 23.0 - 587 15.6
British Total 3,342 ' 16.7 22.8 60.6 14.6
Columbia - : :
' 15-19 273 168 54° 77.8 11.4
20-24 273 270 9.7" 63.3 10.6
25-44 1,274 189 221 59.0 15.3
45+ 1,522 12.9 28.8 58.3 15.6
Males (15+) 1,647 171 263 . 566 15.5
15-24 278 238 82" 68.0 11.8
25+ 1,368 158 299 - 543 16.5
Females (15+) 1,696 -~ 162 19.4 64.4 13.8
15-24 268 . 199 69 73.2 9.5
25+ 1,428 155 217 62.7 14.5

' Da11y smokers only.
" Moderate sampling variability, mterpret Wlth caution. -
Estimates may not sum to 100 percent due to rounding. .
Source: CTUMS Annual Results, 2001 — Health Canada Tobacco Control Program




cohorts for lung cancer ’screening having targeted peoplevwith a 20 to 45 pack year history
(Henschke, 2001). In this rnodel, former or current smokers are required to have a minimum 20>

pack years in order to be eligible for screening.

2.3 Screening for Lung Cancer

Screening for cancer is based on the premise that ee.rlier diagnosis of the disease, either in
the.precancerous state or at an earlier stage than clinical'symptoms would otherwise present,
leads to a red_uction in. risk of mortality or developrnent of invasive cancer. Morrison (1992)
deﬁnes screening as “the enemination of asynlptematic people in order to classify them as likely
or unlikely to have the disease that is the oeject of screening.” People who appear likely to have
the disease are investigated further to arrive at a final diag’nosis; The goal of mass screening or
population screening is to reduce rnorbidity or mei'tality from the disease among people
screened. |

In order forv a cancer 'screeni_ng‘ progrérn to be recommended as a cancer control strategy,
6 fundamental criteria must be fnlﬁlled ‘(Table 2.7). First, the disease should be an important
health problem and sufﬁeiently prevélent to waifrant mass Screening. Second, there should be a
period when the disezjise is detectable in an asymptematic individual (i.e;, there should be a
detectable preclinical phase). Arguments made earlier in this chapter supporf the notion that lung
cancer has a detectable pfeclinical ph‘ase, although scientists centinue to develop methods to
improve this area. Third, the‘ aecura(:y of the screenjng .test’ should have acceptable sensitivity,
specificity and predictive values. Sensitivity is defined as tne proportion of truly diseased
persons in the screened populatjon who are identified és diseased by the screening test and is also

known as the true positive rate (Last, 2000). It is a




Table 2.7 Criteria for the Evaluation of S.crveening .

Criteria o - - Characteristic of Disease or Test?
1. Burden of disease - Disease

2. Detectable preclinical phase Disease and screening test

3. Accuracy . V Screening test

4. Acceptability S " Screening test

5. Effectiveness S . I Diseése and screening test

6. Cost effectiveness : " Disease and screening test

Source: Drummond et al., 1997.
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measure of the probability of correctly diagnosing a case. Specificity is defined as the proportion
of truly non-disease'd_ porson's who. are identified by tne screening test. Specificity is a measure of
the probability of correctly identifying a non_-diseased' person with a screening test. The
predictive yalue ofa scroening test refers to the probability that a person with a positive test is a
true positive '(positive predictive value; PPV), wnile.the negative predictive value (NPV) of a test
is the probability that a person with a negative test does not have the disease. Both sensitivity and
speciﬁoity, togethef with the prcvaience of the disease in question, determine predictive value.
These threé variables are ci‘itically impoftant fo' theieconomic énalysis of a screening test as any
false-positives or false-negatives _inc_ur nnnece'ssary_'costs (at times excessive) to the overall
programme. | | | | |

Fourth, the test must be acceptable to patients and physicians. Physicians usually offer
the first access point to scieening tests used by the population. Although accuracy is important,
the consequences-of false-positive or falso-negati\}e test resulis and the acceptability of these
consequences to providers and "ihe p'ilblic can inﬂu_ence the acceptability of a screening
programine and thus its Iiotentia_l to oontributé to cancer control_efforts (Chamberlain, 1996).

Fifth, screening mnst be effective. The treatment of disease during the asymptomatic
preclinical phase should be superior to treatment of symptomatic disease. Table 2.8 outlines
survival rates for the varying stages of | lnng cancer diagnosis. The prognosis of lung cancer
patients is strongly related to tumour stage at diagnosis particularly in NSCLC. When the tumour
1s diagnosod' at Stage IA (tumouf >3cn’1, surrounded by lung, no lymphatic or hematogenous
metastases) prognosis is favourabie with a 5-year survival of >80%. However, when diagnosed
at more advanced stages 5-year survival drops markedly with almost no cure at Stage IV (distant
metastases) (Mountain, 2000). Unfortunatély, if diagnosed because of symptoms only 20-25% of

NSCLC patients present at Stages LorII whioh are regard as respectable, whereas approximately
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50% of patients presént at Stage IV (Greenleé, 2000). This sﬁggests that diagnosis of 1ung cancer
at early stages may improve overali survival from this dise_ase.

Whether‘o.r not lung cancer Screéni_ng improves long-terrh survival in patients is at the
centre of curfent debate and the focus of a léfge number. of clinical studies. Regardless of the
screeﬁing technique used in a number of tr_ials worldwide, published results are mixed as to the
effectiveness lung cancer‘screening has on reducing mortality (Miettinen, 2000). Many of the
population-based randomized trials using C.T’ and sputum cytology have been criticized for
flawed study vdesigns (Miettinen, ‘2000; Strauss, 1‘9'99) and scientists continue work to prove
screening does benefit patients at high risk for lung cancer.

Alongside this quest is the economic efﬁciency of proposed screening programmes and
this is the final measuré that needs t6 be addresséd. The cést and cost-effectiveness of screening
should be acceptable and should not substantial}y exceed the cost for other preventive measures
already in use. This criterion is thé basis for the feSeét_rch carried out and presented in Chapter 6

of this paper.

2.4 Computer-Assisted Sputum Cytometry

Economic evaluations are often used to assess whether or not a new procedure, medical
device or therapy iS more beneﬁcial and less costly than those currently béing used. Although
there are a number of screening tools being investigated to detect early stage lung cancer, there is
no one technicjue or screening programme that is advocated Withiﬁ the health community (Bach,
2003). In practice, patients suspected of having lung cancer (due to past medical history and/or
current symptoms) are followed up with chest x-fays and CT scans that may or may not lead to
further testing. Spiral (or helical) CT séans are a more advanced X-ray imaging procedure in

which multiple detectors are arrayed in parallel (referred to as multi;slice), enabling an image of
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the entire thoracic cavify to be acquireq in less._tha.n 20 seconds (Mulshine, 2003). The three-
dimensional images obtained by épiral CT .analysis offer several advantages over two-
dimgnsional X-rays (Mulshine; 2003) and are used as a part of the sequentially screening process
in this ecqnomic model. X-fasls and CT scans subject patients to radiation levels that, although
small, may be.ﬁarmful. They a;e therefore bconsid’er‘ed tc_).be-inv.asi\v/e procedures. The only non-
invasive screening teéhriique used curren_fly for thAe' detection of eérly stage luﬂg cancer involves
. sputum cytology (referfed to as ASC in this paper).

The lung is a ﬁniquely accessible Orgari fdr_obtaining diagnostic samples. Not only do the
airways providé a conduft for introducing a vaﬁety of endoscopic instruments, but the lung itself
also produces secretions which, éoughcd up és “phlegm (Ior‘ sputum), can be collected for
analysis. Sputum yields infprmation abqut the lungs andvevli‘rways and is distinguished from
saliva, which consists of seicr_etions in the mouth and gives information about the oral cavity.
Conventional sputurh cytology requires highly tréined cytopathologists to interpret prepared
sputum slides under a microscope. The problem with this method of sputum cytology has been
the lack or obviousness of diagnostic cells in the sample as well as having subjective results that
may be interpreted differently ,depending on the individual scientist. Thé method has been
criticized for a variety of reasons and the literatﬁre confains mixed results about the efficacy of
using it as.a primary methbd for detécting lung cancer (Palcic, 2002 and. Strauss, 1999).

The depﬁrtment of Cancer Imaging ét the BCCA, in collaboration with a local Vancouver
cofnpany (Oncometrics Irﬁaging Corp.), have .dev.eloped a _semi-automated,_ high resolution
quantitative microscopy system (CytoSavant) to enable: detailed measurements of sputum
derived DNA in cell nuclei. With a series of mathematiéal equations, the concentration and
distribution of DNA and chromatin structures with the cell nl_lcleus is characterized to determinp
if it is suépicious for early lung ¢ancer. This system enabies one to not only measure DNA

amounts in cells but the size, Shape, and texture of the DNA in the cell nuclei. The semi-
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automated image cytometer includes‘ a robotic- effector, high resolution CCD video camera,
software for feature analysis and an iﬁterfacé to computer software for calculating and
expressing results of nuclear énalysis in a cell gallery, bar graph, and DNA and chromatin
distribution charts. Figure 2.2 shows a pictufe of the'im'age cytometer. Currently, there is a
clinical trial underway led by Perceptronix Medical Inc., Vancouver, B.C., to determine the
clinical effectiveness of using the ASC méthpd té screen fdr'early stage lung cancer. In this trial,
patients with a DNA indeﬁ score of .1 2 or higher iﬁ 5or mofe cells (out of 3000) are considered
to have sputum that is atypical and ﬁirther diagnostic testing is recommended.

In addressing the cn'terié outlined in Table 2.7 for thé evaluation of a screening
programme, ASC looks to be a prbmising tooi for early lung cancer detection. It is considered a
non-intrusive procedure that cah‘ be done quickly and with little discomfort to the patient. With
respect to the accuracy of the ASC test, séientists at the BCCA have‘been working to increase the
sensitivity of the test while maihtaining a high level of specificity. To date they have been able to
achieve 65% sensitivity at 90% specificity fqr early stage (Stage 0 and I) lung cancer (Palcic,
2002). This compares to only 14% sensitivity (at 99% specificity) using conventional sputum
cytology. Improved collection énd specimen preparation are being studied to further increase the
accuracy of ASC.

Another area of potential promise in detecting early stage lung cancer is malignancy
associated changes (MAC) which are defined as subtle morphological and physiologic changes
that are found in normal cells of patients ha.rbouring late stage malignant disease (Sun, 2002).
Although the concept was not generally accepted in the past due to its subjective nature, recent
advancements in image cytometry have'..refue_l‘led the interest in MAC. Researchers postulate that
these subtle changes can be observed mofe brecisely with high resolution image cytometry
(Ikeda, | 1998) and preliminary data show a‘ sensitivity of approximately 90%. Efficacy

parameters associated with MAC are also analyzed in this economic evaluation.
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Figure 2.2 Computer-assisted image cytometer at the British Columbia Cancer Agency
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Chapter 3. Health Economics

Health economics is a logical and explicit f'ramework to aid health care workers, decision
makers, governments, or society, in making decisions regarding the best use of resources. Limits
on health caré resources mandate that resource allncation decisions be guided by considerations
of cost in relation to expected benefits. To facilitate critical allocation decisions, the best current
information on both the efﬁcacy of medical pfactiées and their costs must be made available to
decision makers in a Systematic fashion that will allbw them to make valid comparisons among
alternatives. This chapter provides a brief nverview of economic evaluations in health care and
outlines key variables needed for a compléte cost analysis of new a medical screening device for

lung cancer.

3.1 Economic Evaluations

Modern health economics began its relatively young life in the 1950s and 1960s. In the
1950s famous American economists, such as Kenneth Arrow and Milton Friedman, started
analysing the application of _classic. economic theofy tolhealth care and, in particular, to two
possible uses: as an aid to decisions on how to allocate resources and as a vehicle for social
reform (Jefferson, 2000). A decad¢ later, the increasing pace of technological development and
an ageing population, afnong'st othef factbrs, necessitated the review of resource use with
increasing frequency. Economists began publishingr descriptive “cost-of-illness” studies
dedicated to calculating the burden to society of particular health problems. It wasn’t until the
mid to late 1970s that economists began trying to 'adapt evaluative techniques of classic
economics such as cost-benefit analysis to health care. The creation in the late 1970s of a single
measure of outcome combining quantity and qnality of life, which reflected people’s preferences

for health states, allowed health economists to go further in valuing outcomes of new
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interventions. By the 1990s published studies that focused on economic evaluation had increased
8 fold (Jefferson, 2000) with more studies directed to new pharmaceutical products and the
relationship between efﬁciency (achieving the maximal increment in health benefit) and
effectiveness of medical intérvent_ions. 'It_ is likely that economic assessments will increasingly
guide policy decisions in the fﬁture and this encourages those intérested in population-based
diseése screening to supplement clinical résearch with economic evaluation.

Economic analysis seeks to .identi'fy and make explicit one set of criteria which may be
useful in deciding among different uses for lirrﬁted resources. Without systematic analysis it is
difficult to clearly identify the relevant altematives. For example, should a health care institution
introduce a haemodialysis pfogramme or an é.nti-hypéltension therapy programme to prevent
stroke? An economic analysis of the two choices would help decision makers determine which is
more efficient in terms of cost and outcorﬁes or which produces the most health benefits for the
least amount of money. Drummond ét al. (1 997) ‘deﬁne economic evaluation as:

“the comparative analysis of alternative courses of action in terms of both their costs and

consequences. Therefore, the basic tasks of any economic evaluation are to identify,

measure, value and compare the costs and consequences of the alternatives being
considered.” ’
They emphasize that two central features are: (j) that evaluations deal with both inputs (costs)
and outputs (consequences or -ovutcomes) énd (ii) that economic analysis concerns itself with
choices between one or more éltématives. The main role of economic evaluation is to show the
relative value of alternative interventions for improving health. Analyses provide information
that can help decision makers in a wide variety of setfings weigh alfernatives and decide which

best serve their needs in a particular health setting (Gdodwin, 1998). J efferson et al. (2000) have

outlined important steps that should be taken in conducting economic evaluations.
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Research steps for an economic evaluation:
Adopted from Jefferson et al., 2000.

Specification of the question, and baseline comparison group
Specification of the viewpoint, type and coverage of economic study
Specification of the key outcome and estimation of effectiveness
Specification of method for valuation of health outcomes
Definition of costs to be estimated -

Estimation of differences in quantities of resource use -
Estimation of unit costs of elements of resource use
Specification of analytic model

Discounting of both costs and outcomes

Taking account of time preference

Summarize economic results

Sensitivity analysis

The perspective or viewp'oiht of an ecoﬁomic cvaiuation is extremely important. The
viewpoint for an aﬁalysis may be that of a specific p_rbvider or providing institution, the patient
or groups of patients, a third-parfy payer (pUblié or private) or'societby (Laaser, 1990). It is argued
that a societal perspective, in which all costs and benefits associ.ated with the introduction of a
new program are considered, is the rﬁost appropﬁate (Laupacis, 1992). The ranking of cost-
effectiveness ratios c'alculatéd from society’s point of view ‘should be neutral to value or
distributional decisions. Cieary, it is difﬁéult for the analyst to consider every single cost and
consequence of a health care programme to all memberé of society. It is however important to
recognize that in considering the use of communi‘.c‘y‘resources, the viewpoint of the providing
institution may often be too ‘r'vestrictive and a broader vieWpoiht should be considered. For this
particular lung cancer screening model it is most suitable to conduct the economic analysis from
a societal view point since the prd'gramme is to be widely offered in and accepted by, society.

Evaluation of a screening programme involves the consideration of two issues. First,
whether the proposed prograni is feasiblé, and‘ séé_ond, Whether it is effective. The total costs of a
potential screening proéramtne must Be considered as welll as the cbsts per detected per detected

case of the disease (Kramer, 1999). Greater cost-effectiveness in screening programmes could be
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achieved if the a spéciﬁc population could be targeted, on the basis of risk factors, from which
most incident cases would likely derive. If this were possible, those who are not at risk for a

particular cancer would not undergo routine screening.

3.2 Methods of Economic Evaluations

All methods of economic evaluatibn have dne principlé in commdﬁ: they examine one (or
more) possible interventions and compare inputs or resources necessary to carry out such
interventions with their consequences or effects.v. The various methods of economic evaluation
differ in the way .théy itemise and value inputs and cohéequences. These differences reflect
different aims and Viewpointé of the decisioﬁ-making p%oblems. .In order to make comparisons
between available options it is neces>sary to find é common unit of value for each of the inputs of
the health intervention. If it is relévant to the type of evaluation being conducted, the health
consequences are also valued in terms of common units. The four major types of economic

evaluation methods are described below.

Cost-minimisation analysis (CMA) — when consequences of the intervention are the same, then
only inputs are taken into consideration. The aim is to decide the cheapest way of achieving the

same outcome.

Cost-effectiveness analysis (CEA) — when the consequences of different interventions may vary
but can be measured in the same units, then inputs are costed. Competing interventions are

compared in terms of cost per unit of consequence.
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Cost-utility analysis (CUA) ——. -when intérventions that are compared produce different
consequences in terms of both quaritity lan'd quality of ‘life, they are expreséed in utilities. These
are measures whicil comprise both lengih _of _life and siii_)jeciive levels of well being. The best
known utility méasure is the q.uali‘ty-adj.usted-life-years or QALYs. In this case, competing

interventions are compared in terms of cost per utility or cost per QALY.

Cost-benefit analysis (CBA) — when both the inputs and the consequences of different
interventions are expressed in monetary units so that they compare directly across programmes

even outside health care.

The main consideration regarding the 'various. inethods of economic evaluation is the difference
in the way the outcomes are measured, whether in ai:fual number of life years gained, utilities, or
monetary terms. CBA is the most detailed of the four methods but aléo requires signiﬁcant effort
in the design and analysis stages since health riuist be assigned a dollar value. For the evaluation
of this lung cancer screening prdgra'mme the approach-:used is that of cost-i_ltility analysis.

In designing economic models that "allow costs an(i outcomes to be valued many
researchers use what is called a decision tree approach to comparing the various alternatives for a
particular health probiem. Decision trees have gained considerable popularity as a vehicle for
undei'taking economic evaluations as they can _déscribe complex sequences of clinical
alternatives. A decision tree flows from left to i’ight‘ beginning with the initial clinical choice or
decision for a déﬁned C(ihort of pa’iiénts. As a result of the decisions made there will be outcomes
of known probabilities that channel ‘patients through the s,creening. piocess and into the disease

state if necessary.

25



3.3 Costs and Outcomes

Valuing inpufs and outcomes (conse.quence.s) is the‘mos_t difficult aspect of conducting
economic evaluations. The >velues' of 'resources are assigned by defining costs. Theee are
considered by eeonomiefe to be the benefits of opportunities foregone or the best possible
alternative use of the same resources (op‘porfunity costs). The opportunity cost of a treatment or
intervention is the value of those resourc'es if erhpl(_)ye'd els_ewhere (Sloan, 1996). Market prices
are available for many of the resources used in health care (CT scans, bronchoscopy, and lung
cancer treatment). The theoretical pri_ce for a‘r'esouree is it’s opportunity cost however, the
pragmatic approach to costing is to take existin'g‘ market pﬁces unless there is some particular

reason to do otherwise, for example if prices of some resources are subsidized by a third party.

3.3.1 Direct and Indirect Costs

Direct costs arevthose borne by the healf_ch care system, community and patients’
families ineddressing the':illness. In this i_ung'caneer screehing model these direct costs include
such things as the cost of the ACS test, CT scans, bronchoscopy, and treatment .costs for the
various stages of luhg cancer. In a broader seﬁse, direct costs also include the cost of operation of
health facilities, land values, paid health pr_ofessionals,' and consumable supplies. Quite often,
when new technologies are introduced there are a number of upfront direct costs such as
purchasing equipment. It is necessary to deterr_liine the _oppo'rtunity cost of this investment capital
plus the depreciation of the equipment over an extended peﬁod of time. Annuitization of the
depreciation and opportunity costs of capital is applied in such situations and often the cost of
equipment is amortized over several years. With respect to the proposed model in this paper, it is
assumed that facilities and equipment are cu_rrehtly in place for such diagnostic procedures to be

carried out. While it is acknowledged that these are significant assumptions to be making in an
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economic model, any extensive reSearch. to validaté these assumptions is beyond the scope of
this paper.

Indirect costs are mainly pr}c')ductivity‘losses_ caused by the problem or diseases, borne by
the individual, family, society, or employer. ,_EXamples include loss of life, lost work time by
patient‘s 1an‘d_care’-givers, lost léisure timé, pai_n/sufferi‘ng,‘b“ereavement, travel/incidental costs
and enviropment costs.i Indirect c;)sts _are much harder tlol measure and there are a variety of
methods used by health econorhi_sts to place a value on these items as they can still have
signiﬁéant effects of the total cost of new iﬁter\}entions. Measurerhent techniques include the
willingness—to-pay_ appréach and 'continge.nt valuation (O’Brien, 1994) but they are not the focus

of this paper and the costs addressed in this model include only limited indirect costs.

3.3.2 Discounting

Inputs and consecjuehcés of a. health intervention accrue at different times,
especially for chronic diseases and the popﬁlation based programmes addressing them. In this
case, we cannot directly compare tﬁe inpufs of a programme today with its consequences which
may accrue in- 5 or 10 years time. E_conofnists ‘bring forward’ the value of such consequences by
using a technique called discounting.v This aliows the calculation of the present value of inputs
and benefits which would accfue in the future. Dfscounting is based mainly on a time preference
which aSsurﬁes' that individuals prefer to forego a part of the benefits if they can accrue them
now, rather than accruing them fuliy in the uné_értain future (Jefferson, 2000). The strength of
this prefererice is expressed by .t}‘1¢ discoﬁnt rate which is »ap‘plied‘ in economic evaluations. The
choice of a discount rate and the choice of which items it shoﬁld ‘be applied to are a matter of
debate among economists. Recent published. studies assessing the éost-e_ffectiveness of lung
cancer screening using helical CT scans erhployed discouﬁts rates of 3% to 5% for costs and life

years (Marshall, 2001; Mahadevia, 2002; Henschke, 2000). These are reflective of values most
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‘commf_)nly used iﬁ'medical literature (Goodwin, 1998; Krahn, 1993). In the model constructed
for this project, ‘a' 10 year follow;up time 'line‘for cdsts and a 50 year follow-up time for benefits
are aﬁplied since screening fér lung cancer Has benéﬁts that accrue jn the fuﬁire. A discount rate
of 3% is used of for botﬁ costs and QALY in this model Which reflects the guidelines put forth

by the Canadian Coordinating Office for Health Technology Assessment (CCOHTA, 1997).

© 3.3.3. Outcome Measures

The goal of a new medical i_n‘terven'ﬁon'is to improVe the health status of a target
population. In this 'cosf-utility analysis tﬁe ciinical' outcome used to measure the health benefit is
the number of quality-adjusted life 'years. g:ai‘ned. It is hypothesized that the earlier lung cancer is
detected in an individual, fche g.reaterv the chance for long term éurvival and accrual of maximal
life years. Due to time constraints, most randomized cohtrollcd trials are not able to follow
patients for their entire lifetime and .so oﬁtcorries are méésured over a shorter predetermined time
ﬁame. When using a decision model to simulate the inputé and outcomes of a hypothetical
cohort, time can be easily a(.ijusted"to' ailow for longer follow-uf). More complete results are
achieved in terms of life years géihed by using AS_C as an initial screening tool for lung cancer.
Cost-utility will be.report'ed in terms Qf cost per QALY gained. The incremental 'cost-utility ratio

between scfeeniﬁg strategies will be i)rcsé;ited to sﬁnim_eirize résults. |
There - is considerable. argﬁrrient in eCdngﬁmic evaluations that evaluate screening
programmes to use cQst;utility or cpst-beneﬁt analysis. Both types of evaluation reflect the fact
that there is a difference in the quaiity of llifvé for patients living with early stage lung cancer
compared to those patients living with end stage diseasé. Quality of life measures describe the
subjective level of wellv.-being amorig patients and the use of the‘ QALY is the most common
| method for» incorporating such criteria. Within the field of héalth economics there 1s extensive

debate over the valjdity of methods used to measure quality of life. Utility analysis is viewed as a
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useful technique because it allows for quality of life assignments to a given. set of treatment
outcomes, while simultaneously providiﬁg a generic outcome measﬁre for comparison of costs
and outcomes in different programmes. The QALY is arrived at by adjusting the length of time
affected with the h¢alth‘01'1t“come by the yuti'lyit'y vélue on a scale of 0 to 1 where 0 indicates death
and 1 indicates perfect healtﬁ. The adjusted timé in. each héalth state is summc_ad to calculate the
number.of quality-adjusted life years GVér an entifé lifctinie .(or_ as long as patients are followed).
The QALY measure cah capture gaihs from reduééd morbidity (quality gains) and reduced
mortality (ciuantity gains) and integrate therﬁ iﬁtp a,b single meésur_e. Figure 3.1 provides a visual

representation of how QALY are used and how they affect the health benefits of a'programme.

3.4 Statistical Variables and Probabilities

The decision model for evalﬁating the cost-effectiveness of 3 different approaches to lung
cancer screening incorporatés many. statisﬁcél variables into the algorithms. When creating such
a model it is neceséary to rﬂake assumptions about a lafgé proportion of parameters that affect
the resﬁ_lts and it is often argued thét Validity of cost-éffective;neés results are only as good as the

assumptions they are based on.

3.4.1 Probability Inputs
. Disease prevalence is especially importént in the bgginning phase of a lung cancer
screening model. This value will determine how many lung cancer cases actually arise in the
hypothetical cohort and how many cases exist 'fdr detection vﬁth screening. Estimates of

probabilities used in a decision model should come from previous randomized, controlled studies
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Figure 3.1 QALYs gained from an intervention

Without the health intervention the individual’s health related quality of life would
deteriorate according to the lower curve and the individual would die at time Death 1.
With the health intervention the individual would deteriorate more slole, live longer,
and die at time Death 2. The area between the two curves is the number of QALY
gained by the intervention. Part A is the amount of QALY gained due to quality
improvements and Part B is the amount of QALY gained due to quantity improvements
(Adapted from Drummond et al., 2002). '
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published in peef-reviewed liter_ature to redue_e ‘the leveli of uhceﬂainty surrounding the
assumptione. In this'econemic modei, clinical da_ia from the Lung Health Study (refer to Chapter
5), conducted at the BCCA, will aid in determining a prevalence detection rate of lung cancer in
a high risk cohort sereened using the proposed technique of ASC. -

As discuesed in Chapter_2, the serisitivity and rspeciiicity of the'scieening tests also play a
significant role in the results of an econqmic. analysis. The decision tree incorporates 3 sequential
techniques used to screen for 1ui_1g cancer including ACS, CT scan aind bronchoscopy. Each of
these procedures has its own ser‘lsitivit-y.and speciiieity. 'Again, these values are taken from
published results of preyious lung.ca.mcer s_creening studies and can be varied in a sensitivity
analysis described in the next section. |

Lastly, there eire transition probabilities associated with the various stages of lung cancer
in the decision tree. Patients in the model will not necessarily stay in the same state for the entire
follow-up period but rather move from one state te another. For exariipie, the probability of
moving from early stage lung cancer to late stage lung cancer is different that the prob'ability of
moving ﬁom late stage cancer back to a heaithy state. Similarly, the chances of a patients
moving to a death'sta_te and no longer accr'uin‘.g life yeai*s, varies depending on the stage of the
disease. Transition probabilities for disease survival and remission as well as natural mortality

(life tables) are used in this model.

34.2 Sensitiyity Analysis

Models are an attempt to' capture and 's'.urrimarise i”eality. However, the effects of
health care are often uncertain and our models tend to be based on real data (epidemiological,
clinical, or resource data) which ére somletimes incomplete, of uncertain quality, or simply not
" available. Epidemioiogy, for ihstariee, provides us with an estimate of probabilities (of

developing lung cancer, moving from one disease stage to another or dying from lung cancer).
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Where data are absent or of questionable.éertéinty, ihe gap niay be filled using assumptions. To
deal with uncertainty in models of this type, economic evaluatiéns ‘use a technique called
sensitivity analysis which repeéts the .co'mpéﬁson between inputs and consequences while
varying the assumptioiis _within a l_ikely'ramgeT In other words, sensitivity analyses test the
robus_tngss Qf cor‘iclusions‘by‘ Va.i'ying t.}viel‘probabilities theit have' uncertainty around them.
(Jefferson et al, 2000). Variables cah be ailtered on an individual basis or in combination with one
or more ’additional variables in a 'mul.ti-way sensitivity analysis. Since this model incorporates a
large number Of variables,”each with a distinct range of pIausible values, sensitivity analyses
compare a base case anal};s_is to using the most 'i‘avou,rable an_d_le_:ast favourable set of input
variables. Depending on the'outcdme' of oneWay sensitivity analys'_es; those variables found to
have the greatest effect on cost-utility'i)utcdmes éan be varied simultarieously in a two or three

way sensitivity analysis.
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Chapter 4. Literature Review

4.1 Introduétion ,

With increésing interést in the way that health care dollars are spent, there is greater
focus on costhffectiveness in medical fese_arch. Since the early 1990s the number of cost-
effectiveness analyses (CEA) pﬁblished ha_é »nearlly tripled‘ (Figure 4.1). The popularity of cost-
effectiveness analysis ovér cost-benefit analysis (CBA) is due to ﬁemodologcal difficulties with
the latter thaf require all inputs and consequences to be vahied in dollars. New benefit
measurement fechniques such aé williﬁ'gneSS-to-pay and conjoint analysis may rekindle CBA
over time (.J effersoﬁ, 2000).. _

It is importanf td point out the use éf térms in medical literature that refer to the various
methods 0f'>‘economic evaluations. North American ec.onomi_sts' ofteﬁ use the term CEA to
include both cost-minimization analysis (CMA) and cost-utility analysis (CUA). The titles of
publlished economic evaluations are _hot always a@curate indicators of the type of economic
evaluation actuaHy conducted aﬁd it is ’up to the reader: to assess how inputs and consequences
are measured. Table 4.1 outlines the crit_eria for various typeé of economic evaluation. For a
complete analysis, the cost and _cqnse(iu_ences _mlist be éxémined for each alternative and then
those alternatives must be compared to one another.

‘To evaluate the data from economic étudieé on lung cancer screening it is worth
discussing 'the cost-effectiveness of other screening progrémm«es:curr_ently in place in the health
care community. In addition,_ it is useful fo have some insight into the costs of treating lung
cancer and the disease’s ﬁnancial.burden on _society. For these reasons, this chapter includes
information from publiéhed literature that should offer some added perspective on the results of

economic studies in lung cancer screening,
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Study numbers.
N
&

Figure 4.1 Trends in the number of pﬁblished cost-effectiveness studies
CBA-Cost benefit analysis, CEA-Cost effectiveness analysis
(Adopted from Elixhauser, 1998). .. .
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4.2 Data Sources and Methods

For this literature review, the chué Was on studies in which a cost-efféctiveness or cost-
utility analysis was the central aim of .the fesearch. Several computerizéd, bibliographic
databases were searched including‘ PUBMED, EMBAS»E, HealthSTAR, OVID, and CancerLit. A
combination of search terms Was used to nafrow tflé séarch to economic studies rather than
studies relating to the clinical effeqtivenévss‘of scréening for lung cancer. “Lung cancer screening
and cost” as well as “luﬁg éaﬁcer scfleef_linéarid cosf—effectiveness” weré the search terms used
most.fr.equently.’ In addition, “lung caﬁcer and eco'norﬁibs” and “lung cancer and cost”, were
terms used to capture a broader spectrum of thé cost of this illness in the health care setting.

Selection criteria for these scientific arficlcs _.1imited the studies to those published in
English between January 1990 and J ahuary 2003. Due to limited data on the economics of lung
cancer screenihg programrrieé; editorials, éomlﬁentaﬂeé, and fesults presented in government
publications (in Canada only) were considgred and reviewed for relevant information. Letters,
unpublished,sfudies, and su'mm'arigs of présentations given at medical conferences or brief
transcripts of meetings were eXchid_edL Only data provided in the reports were considered with
the exc.eption of 1 study by Chirikas etv"él'. (2002), in Which a technical report, providing further
detail on fhe economic modéi, was obtained from thé authors.

The articles selected for .inclusion in this review were categorized into 3 groups. Group A
contained articles whose central fécus was a CEA or CUA .of lung cancer screening. Group B
contained articles _§vith an incomplete écof_lqmic analysis or with data relating to the cost of
treating/managing lung cancer. Lastly, articles felating to other cancer scrée’ning programmes or
the coSt-effectiveness of other medical ihtervéﬁtions were placed in Group C. It should be noted
that studies falling into Group C were. selected from articles published between 1990 and 2002

found using search terms that incorpofated other cancers (breast, colorectal, prostrate, cervical),
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screening and cost-effecti{/eness. Or_11y' studies that had a complete economic analysis of
screening were cqnsidefed for inclusion in Group C.

The scientiflivc‘quality of the sel.vected arti_cles was assessed according to criteria developed
by Drummond et al. ‘(1997)‘qu the (I;,ritlgvcal' appraisél‘of ‘a published article in health economics.

A critique of each study in Group A is also presented in the discussion (Section 4.4).

4.3 Results

Upon searching several bibliographic datébases r_evéaled a variety of studies relating to the
economics of luﬁg cancer were found. However, only a small number of articles were directly
related to the economics of lung cancer sc_reening and more speciﬁcally there were only 7
eligible published studies that containe(i a cdmplete economic ¢va1uation of a lung cancer
screenihg strategy. Table 4.2 outlines‘fhe number of eligible and ineligible citations identified
through the different databases. There was overlap befween different databases and the number
of studies uﬁique to any one database is given in b_rackets in Table 4.2. Many of the studies on
cost-éffectivenéss 'focusgd on staging and/of treatment options for lung cancer and were therefore
eliminated. An >equa1 nﬁmber of papers e){amined' the clinicél effectiveness of screening or
treating lung cancer and were also classifieds as ineligible fdr feview. Despite the fact that such
articies on clinical efficacy of lung cancér screening were nét reviewed in this chapter, data from
these studies was used in the modeling section of this paper. It should be noted that 2 of the
studies wﬁtten in Japanese (Baba et al., 1998 and Iinuma et al., 1988), although eliminated, had
abstracts showing the article confained cost-effective analyses related to lung cancer screéning.

Table 4.3 summarizes the number of eligible articlés in each of Group A, B and C.
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Group A Studies

M_os_f cost-effeetiVeness sfudies in_ lung cancer sereening- have focused on chest X-ray or
CT scans as the methodé_ of early detection for lung cancer. There are ne published studies that
assess the eest-effectivenes_s_ of using ASC an initial screening test for l_ung cancer. Table 4.4
presents a sumfnary of the 7 pﬁblish.ed cosf—effecfiveﬁesé analees. All results have been inflated
t0 2002 US dollars te facilitate cdtriparisohs ac_rosé studies. Of the 7 studies in this grouping, 5 of
them were conducted in the U_ni.tedv St;cltes. _anci 2 in Japan. All of the studies compare one or more
screerﬁng alternatives .to no screening. There is-A a wide range of costs per life year gained
reported in these .studies due to differences 1n model assump’eions and parameters used in the
studies. A 1-time pfévalence screening program may coet as little as $6,414 per life year saved
(Marshall et al., 2001) and as much as $94,047 pef life year saved (Chirikos et al., 2002) with an
anﬁual 5-year screening programme. The only. study to incorporate QALY's in cost-utility ratios
was the most recent one conducted by Mahadevia et al. (2003) out of Johns Hopkins Medical
Centre in Baltimore. This is the most complete economic evaluation from the perspective of
health ecenomists, rhany of ‘whoni belie§/e that quelity of life plays an ifnportant role in cost-
effectiveness. The base-’caseanalys‘is from ehis study, Which models screening in current smokers
annually Vfor_ 20 .years, resulted in a cost-utility ratio of $1 18,139 per QALY. A critical
assessrheht'of these 7 Studie's was carried out accerding to the criterien set out by Drummond et
al. (1997) in evaluating economic evaluations (Table 4.5). Results shew a varying degree of
thoroughness emong the ecenomic decisioﬁ models. It>wavs unclear as to the perspective of the
economic analysis m the papers published by Caro et al. (2000) and .by Okamoto (2000). In a

number of the studies, impertant costs w_efe omitted (Marshall et al., 2001 and Caro et al., 2000)

and although all costs and consequehces were measured in eppropriate




Table 4.3 Summai*y of Articles Selected fof Ihéhision in Literature Review

~ Focus of Study Number of Eligible Articles
Group A Complete economic analysis of a lung 7
_ , cancer screening strategy
Group B  Incomplete economic analysis of a lung 21
~ cancer screening strategy, economic data
_ on cost of treatment/management of
~ lung cancer, economic burden of disease
studies o B .
Cost-effectiveness of other cancer 11

Group C

screening strategies and other medical
interventions, acceptable cost-
effectiveness ratios in the health
community
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units, two models did bnot discount life-years 'gained, Chiﬁkos et al. (2003) and Caro et al.
(2000). All studies incorporated some degree l'(‘)f sensitivity analysis for input variables in the
models, although there was sonié qnestien regarding the range and'choice of variable tested. Due
to eontroVersial medical data cufrentvlyv snrrounding the clinical effectiveness of various lung
cancer screening strategies (i.e. Whet_her'sc‘reening actually reduce mortality), each of these 7
studies enly partially fulfilled the reqnifement .that' programmes be screening efficacy be

clinically established.

Group B Studies

There were a number ef ins_tances when eest-effecfiveness results were presented
alongside studies assessing the clinical effectiveness of lung cancer sereening strategies. In all
cases, these were not complete economic analyses but rather crude estimates of the costs related
to one particular methed of sereening. Fo‘rv exarnple, ina study eQnducted by Sone et al. (2001) in
Japan that evaluated a mass sereening programme for lung cancer using CT scans, the cost per
life year gained from screening was estimated‘to be $21,296 (2000 US$) for women aged 55 to
59 and $8,148 for men aged 55 to 59. Incorporating a higher detection rate of lung cancer using
CT scans, the authors reduced the costs to approximately $2,290 for women and $728 for men to
save a life year in the 55 to 59 year-old patients. |

Ina propesed screening model designed ‘ny Maccabbee (1994), chest x-ray was used to
screen smokers betnveen the age of 50-75 with a >20 pack year smoking history with a 1-time
prevalence screen. Estifnates of cost-effectivene_ss reported were $7,140 per life year gained.
Assumptions in this crude rnodel include a 10% decrease in mortality from chest x-ray screening
and 100% participation by 13 million Americans. More recently; Nakhosteen (2000) outlined the
costs associated with a nroposed feasibility study on the'detection of early lung carcinoma in

Germany. Techniques used to screen 5000 high risk smokers (>30 pack years), aged 50-74 and




1000 industrially expose_d smokers_, included the use of the _CytoSavant for sputum cytometry,
the same device put forth in this research, as well as the LIFE-LUNG bronchoscope also used as
a third line diagnostic tdol in this research. Cfude costing for such a programme was estimated at
1,715,282 Euros (2,620,905 CDN$) fof sc;feening and 737,500 Euros (1,126,869 CDN$) for
treatment of scréened patients. The alvlthOI'j concluded that such a feasibility study would exceed
the cost of i)resent day diagnoéis and tﬁerapy by épproXimately 1.1 million Euros (1,680,770
CDNS$).

With respect to d_iagnoéﬁc ‘c_:os‘ts,__only a sttidy by GoIdbérg—Kahn et al. (1997) used a
decision analytic model to corﬁpére four strategies (ﬁne-needle aspirate (FNA), sputum cytology,
bronchoscopy, and open biopsy) for _th¢ wp_rkup 6f a solitary radiographic lung lesion (a 2.8cm
lesion in a 51.4 year-old patient who smokes 1.5 cigarettes per day). Outcomes were expressed in
terms of cost per correct diagnoéis. Results showed open biopsy to be the best initial procedure
with a cost per correct diagnosis of $12,888 (1996 USS$). Sputum examination had the highest
cost at $63,424 per correct diagnosis .Wi-th FNA and bronchoscopy in between at $21,543 and
$16,615 respectively. Sputum cytolbgy‘was the preferred strategy only when the patient was not
a surgical candidate, the lesion size was 1arge (>4.7cm) and only if sputum sensitivity was
greater than 45%. It should be_ erﬁphasized that this study focused only on costs and not health
outcomes.

Finally, the Health Analysis and Modeling' Group at Statistiés Canada have produced a
number of reports on the costs associateci with lung cancer diagnosis and treatment in Canada. A
micro simulation ﬁlodel called POHEM (Population Health Model), designed by this group,
provides a framework for integrating diverse data and analytical results in the health discipline
(Will, 2001). POHEM creatés synthetic populations at birth and provi_des them with demographic
and labour force characteﬁsticé. It iﬁcorporates and reconciles data ‘.on risk factors, disease onset

and progression, health care resources utilization, direct medical care costs and health outcomes
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(Wolfson, 1992; Houle, 1997). POHEM currently Ihodels lﬁng cancer, breast cancer, coronary
disease, arthritis and dementia and soon t o Be complet.éd.col(‘)re'ctal cancer (Will, 2001).
Although POHEM primarily assess the cost-effectiveness of diagnostic and therapeutic
optioﬁs for lung cancer, an evaluation of lung cancer screening using POHEM was presented by
Berthelot et al. at the 14tlh Annual Meeting of the International Socigty of Technology
Assess'ment‘ in H.ealth Care (Ottawé, .1 998). Results_from this decision model evaluating sputum
cytology tésting as a screening tool 1n a 50 year’-bld cohért, whefe chemoprevention is assumed
to be 45% effective at reducing lung cancer, showed the cost per life year saved to be between
$42,000 (1998 CAN$)‘ and $58,000 depending on fr_eqUency of screening. These same
paramefers applied to a 65 year-old -cohort reduced the cost per life year saved to between
$39,000 and $25,000. Both scenarios applied sensitivity and épeciﬁcity values of 0.82 and 0.65
respectively for sputum cytolo‘gy.. No discounting was performed and nd quality of life measures

were built into this particular model.

Group C Studies

Fbr comparison, cost-effécﬁveness and cost-utility results for other cancer screening
strategies as well as other mediéal interventions are reported in Table 4.6. These studies were not
selected in'a random fashion, but rather to provide focused comparisons with interventions or
target populations that mahy a’gree, ‘are costjéffectii}e and have costs per life year gained in the
same range és lung cancér screening estimates. Alfhough fherg: is no clearly stated cut-off for the
acceptance of interventions as being cost-éffective, interventions that have cost;effectiveness
equal to or less than $50,000 (U.S.) pér life year gained are considered to be acceptable

(Goodwin, 1998). Canadian authors Laupacis et al. (1992) evaluated cut-off limits based on
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Table 4.6 League Table of Varlous Health Care Inventlons Includmg Other Cancer

Screening Strategies

Other Screening Interventions

’ Cost per life year/Cost per QALY Reference

_ (2000 US dollars)
Nicotine gum (vs no gum) and smoking $13,100 per life yr Strauss
advice for persons 35-69 yrs old L
Annual cervical screening for women $15,600 per life yr Strauss
>60 yrsold ' U o
Annual mammography and breast - $24,100 per life yr Strauss
examination (vs just examination) for ' ‘
females 40-64 yrs old . o
Mammography screening vs no : $18,000 per QALY Earle
population based screening for women i
45-69 yrs old
Colorectal cancer screening for persons - $6,400 per life yr Strauss
>40 yrs old ‘ _
Colonoscopy for colorectal cancer $127,700 per life yr Strauss
screening for persons >40 yrs old S _
Hypertension screening in asymptomatic $19,900 per life yr Tengs
persons 60 yrs old L
Hypertension screening every 5 yrs for $41,900 per life yr Tengs
men 55-64 yrs old
Screen blood donors for HIV $19,900 per life yr Tengs
Bone mass screening for perimenopausal $25,500 per life yr Tengs
women 50 yrs old (plus treat if <1.0
glem’) |
Smoking cessation adv1ce for men 50-54 - - $1,340 per life yr Tengs
yrs old | , ' ’
Smoking cessation advice for women 50- - 2,300 per life yr - Tengs
54 yrs old . " o
Nicotine gum (vs. no gum) and cessatlon $10,150 per life yr Tengs

advice for men 35-69 yrs old




grades of recommendation for the ‘a‘dopti'o‘n and appropriate use of new technologies. The group
concluded that technologies t.hél.t...cost less than $25,500/QALY (2002 CDN$ adjusted for
inflation) are almost universally accepted as being appropriate ways of usirig society’s and the
health care‘ system’s resources. Many technologie_s‘ c_bsting ‘between $25,500/QALY and
$128,0:00/QALY’ are provided routinély, ‘bvut.the availability of some is signiﬁcahtly limited.
Tengs et al. (1995) have publi'shed a comprehénsivg list of life saving interventions and
their associated cost-gffectiverjéss .(N'=_587‘). | Included in the review were studies on
enviro_hmenfal, health care, toxin 'cbntfoll,. ‘transpc‘)rtatio'n and occupational interventions. As the
data in Table 4.6 shows, other 'cghcer scree;ﬁng strategies such as breast, cervical and some
colorecfal cancers are considered cos‘t-effe_Ctvive’.‘.l’l‘hé litérature review study found the median
cost per life year saved in the health care seétor (N=310) to be $23,550/life year (adjusted to
2002 dollars) (Tengs et al, 1'995).'No lung cancer screening strategies were included in the

analysis. |

4.4 Discussion

" After examining the literature for pub]ished studies on the cost-effectiveness of lung
cancer screening it is clear that there is _considerable debate on the success of such programmes.
Much of fhe research being conducted rélét_es to the clinical effectiveness of screening devices in
this field since there is. no g(')ld.sta_lnd.ar‘d adyocatevd in lung 'caﬁcer scfee_ning as of yet. These
types of studies wére not reviéWed in this paper.. |

All of the papers reviewed were Written- in English and a large proportion (5 out of 7) of
the Group A studies (containiﬁg ‘full économic e"v.aluatio_ns) wefe éarried out in the United States
which 'could' leéd to publication bias. With respeét to difference ambng countries where these

studies were conducted, the United States and Canada are known to have similar demographics

48




and disease i'ncidence for lung cancer, but do have different clinical practice patterns and health
care system incentives. As well, all Group Aystudies were based on decision analysis models that
were constructed based on clinical assumptions and results frbru other medical literature.

There can be a challenge in making comparisons across studies because of varying results
from vclinical trials evaluating the. efficacy and effeetiVer‘lessv of lung cancer screening.
Researchers are able to choose input variables for decision rr.lodels"on lung cancer screening from
a large number of clinical studies and therefore results may. be biased in favour of reducing cost-
effectiveness/utility ratios. Mahadevia et al. (2003)_' used Weighted averages of some variables
such as lung cancer prevalence, false positives and test sensitivity and specificity. Until
screentng for eariy stage lung caucer is prbvén to be clinically effective, (i.e. reduces mortality),
no wide spread, population based sereeniug proératnrhe will be edvocated. This does not mean
however, that such econoruic analyses are irrelevant since physicians and oncologist in this field
are currently using many of these detection strategies regularly.

Only one economic model included quality of life ameng lung cancer patients (Chirikos
et al., 2002) and as such incorporates the widest scope of input variables into the decision model.
This study does not however discount quality of life years but does discount costs and therefore
the resulting cost-utility ratios are underestimated; Without a doubt, there are methodological
differences in each of these studies and all the results should be interpreted with some caution.
The reeommended target population for 1uug cancer screening is an older cohort of current or
former smokers. It 1s rare that eaucer screening programmes are offered to the general population
but Chirikos et ul. _(2003) evaIuéted u ruodel for lung cancer screening without targeting a high
risk population 'thereby generating very conservative results.

Group B studies were choseu for review because the results can be of assistance to other
researchers in this ﬁeld and to this project. The Goldberg-Kahn study (1997) conducted in

Nebraska, U.S., focused only on the difference in cost per correct diagnolsis for a variety of
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diagnostic procedu'res in lung cancer including conventional sputum cytology. Results soch as
these can be of ‘use in future eoonomic decision analysis models and should guide further
research into whloh input Vaﬁal)lés are most inﬂoential in such Aevaluations.

Canodlan statistics offer a more accﬁrate olomre of fhe burden on lung cancer in this
country and the micro simulatlon model conétructed by Health‘Canada aids in creating a clearer
picture of diagilosié and treatment costs for. this diséase. POHEM has only analyzed a
rudimentafy model for lung oanoer scréening al: this point in time and inclusion of many
pertinent variables still need to l)e ‘added to the model (i.e. discounting, quality of life, and
sensitivivtyonalysis for costs). -

‘ Usiné $50,000 uUs per.life yeér gained"as an aoceptablé cut-off for health interventions
means that.ma-ny.of tho_se decision m_odvels“ shoW lurlg cancer screening to be moderately cost-
effective, proxlided certain clinical findings are validated with randomized-controlled trials. The
origins of the $50,000 figure are mlirky but might be traced to 1.973 when the United States
congress decided that govemrrlen_t woold pa}i for haemoclialysis for patients with end-stage renal
disease. As a result, tho cost-effectiveneos of fhis, $50,060 per life year has become standard.
There is éolhe .evidence that tho zrelative pri‘ces' of .medications and surgical procedures tend to be
higher in t'h'e United States than in other countries (Drummond, 1992, 1994).

It is wseful to compare the oost-effeotiveness associated with other cancer screening
programmes already in place. Earle et al. (2600) have published an extensive league table of
cost-effectiveness fatios for various medical intervéntions. The results are presented in terms of
cost per _QA‘LY' in 1998 US dollars. Table 4.6.includes some examples.}The first widely accepted
breast cancer screening programme in Cal1ada was designed and evaluated at the BCCA in
British Columbia and the methodology behlnd this successful programme can help guide the

province’s lung cancer screening model.
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From a health economist’s point of »view, the best time to conduct cost-effective
analyses is alongside randomized-controlléd trials. There were nd studies that addressed the cost-
utility of ﬁsing ASC.‘as a ﬁrst_screeni‘ngvtoc'ﬂ as is prbposed this paper. In addition, as the role of
health.economics in medical intel;iienfibns .coﬁt.inﬁes to étrchgtheﬁ, more studies are expected to

be pﬁblished in this area.
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Chapter 5. The Lung Health Study at the British Columbia Cancer Agehcy

As part of this research, the effectiveness of using computer ASC in a clinical setting is
evaluated and the results form the basis for further assumptions that are built into the economic

model constructed in Chapfef 6.

5.1 Introduction

Since there is little research on the use of ASC in detectin'g early stage lung cancer it is
helpful to incorporate results from curr_ent field studies into the economic model. This will
prevent havihg to use disease pféva]ence, -staging shifts and other data on lung cancer that was
obtained usihg differeﬁt scfeeﬁing algbrithms than the one proposed in this paper.

The Lung Health Study is a clinical arm of the Cancer Imaging Departlhent at the BC
Cancer Research Centre. The main focus of the Lung Health Study is chemoprevention and
screening trials. Individuals at.high risk for lung dysplasias are sc‘reéned using the CytoSavant
micro-imagef and the LIFE bronchdééopy systéfn, both of which were deVelbped by the Cancer
Imaging Department. Alongside this study, research.is also being conducted to assess the use of
thoracic spiral_ CT scaﬁs alongside sputﬁm analysis as a iﬁbtentially effeétive algorithm for lung
cancer screening. |

Criteria for entfy into the study requ_ires that patients are between the ages of 45 and 74,
be current or former smokers with a >30 pack year history, who are not currenﬂy undergoing
chemotherapy or radiation thefapy and a résident of British Columbia. All patients receive
sputum analysis. Spécirhens afe_ _coliectéd using an osciilating vevst.wvorn by the patient that helps
to loosen secretions in the lung. In a combined effort with the Vancouver General Hospital
Radiology Department patients also receive‘ a spiral CT scan as paft of a parallel study being

conducting by the BCCA. Thoée individuals with positive sputum are offered a bronchoscopy at
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the BCCA. Despite the fact that no lung cancer screening strategy is advocated, bronchoscopy is
considered to be the gold standard in the diagnosis of lung cancer. The study is currently on-

going at the BCCA with a focus on early detection of lung cancer.

5.2 Data Soﬁi‘ces and Methods

The Lung Health Study. daté .is' méintained in a database ét the BC Cancer Research
Centre. Information éoll.eCted -frém_ f}ie"initial ‘questionnaire, including smoking and disease
history as well as sputum, CT and brohchoscopy r¢su1‘ts are managed by a data maﬁager for the
project. Since inform;cltion previous to 1995 was éénsider_éd_to be incomplete (i.e. not all results
were entered into the détabase) results for this analysis were conducted using information from
patients who had entered the study between J ahuary 1, 1995 .1'1p th and including December 31,
2001. It should be noted that in v'addition fo Lﬁng_Health Study patients, this database cqntains
‘information on any patiént seen at thé Réspiratbry Clirﬁc at the BCCA. In order for results to be
as complete as possible the entire database was searéhed for patients Who were born after
January 1, 1956, who also had a smqking'history of >20 pack years as calculated by study
researc.:hers.‘ This change in selection cﬁtéﬁa from >30 pack years to >20 pack years was applied
in order for results from the éConomic é‘nalysis'to be considered coﬁservati_ve with respect to
other published data on lung cancer and smoking histbry-(Mahadevia et al., 2003).

Patients who met the initial eligibility cﬁteria were further reviewed for any reasons that
would make them ineligible for ﬁnal inclusion. If ény of the folloWing applied to a patient they

were deemed ineligible for inclusion in further statistical calculations:

non-smoker

previous lung cancer

previous head and neck cancer _

any previous cancer within last 5 years (excluding non-melanoma skin)
clinic patient or referral patient (i.e. already suspected of having lung cancer)
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follow-up patients seen for repeat bronchoscopy
consult patient (presented with lung mass) » _
- ABI study patients (from previous study where lung cancer is suspected)

missing information (i.e. not enough known about patient history to make an
informed decision on eligibility)

From the perspective of any cancer screening programme, the goal is to détent the cancer at an
early stage before"clinic'al Is'ym"p.to'ms' ainpeér; Ail eligible paiients in this cohort, nlthough
smokers, has no clinical indications of lnng cancer and were otherwise ‘healthy’ at the time of
sputum screening.

.The provincial cancef regisiry in the province of British Columbia was then used as a
source for nurrent diagnostic status amnng eiigible patients. Using a provincial health number,
date of birth; first and last name, patientn from the Lung Héalih Study were linked to the cancer
registry database to determine which patients had a diagnosi$ of lung cancer. The B.C. cancer
registry is conéidered to be the moét cOrnplete source of information for disease status among
peitients in the province. Although most prevalent casés of lung cancer were found through the
Lung Health study, this linkage allowed those patients who had developed lung cancer
subsequent to our initial tésting to beidéntiﬁed. Additional information was also collected on
patients using this 1inkagev including any other cancer diagnosis, pvatient status (alive or dead),
and death date.i

'Déta oi)tained throngh linkage with the B.C. Cancer‘ Registry was collected in two
separate linkages. The first iinkage included patients in our database that had an Agency ID
(N=1833) number and could therefore be easily linked to a registry data field. The second
linkage for patients with no Agency ID in our database (N=1360) required that a selection of
other identification ﬁélds be used. Thesé ﬁelcis included patient ‘sumame, patient first name, date
of birth, and PHN. All four of these ﬁéld§ ﬁom the Lung He'(_ilth Study database had to match

exactly with cancer registry data in order for a patient record to be considered eligible. It should
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be emphasized that the registry was "only used to assesS what patients in the Lung Health Study
had develop cancer (particularly without our knowledge) and that all other statistical analyses
was carried out on data from our own study database.

Sputum results froiﬁ all patients were ciassiﬁed as nofmal or atypical depending on
results from ASC. In order for a catients sputum cytofnetry results to be classifieds as atypical
the DNA index scores fcr each patient wete examined. If the number of cells with a DNA index
of 1.2 was equal to or greater than 5 (out of approximately 3000 cells), the spﬁtum was classified
as atypical. In cases where there were 4 or less cells with a DNA index of 1.2, the sputum
sample was considered n_crmal. Patients with previous cancers who aiso had a positive sputum
cytometry ltest were evaluated as fcllcws. Those with any pfevious lung cancer were not
considered in ﬁirther calcl.ilations,’ and all others with recent cancers less than 5 years old were
excluded. Patients with a previous cancer considered to be in remission for more than 5 years
were included in calculations.

" An individual chart reVieW was conducted for eligible patients found to have lung cancer,
whether through the Lung Health Study or the cancer regist_ry.} Patient information was examined
for any data that may have been previously missed that ﬁlay eiclude the patient from inclusion in
the final statistics. Time between sputtim analysis and diagnosis was noted as well as the time
lapsed between initial stage at diagliosis and current stage of disease. Bronchoscopy results were
used to determine stage at diagnosis and type of lung cancer (NSCLC or SCLC). Patients were
further classified according to the number of sequential brcnchoscopies carried out.

Cohort characteristics wer.e‘ calculated including age,v pack years, sex ratios, smoking
history,. ahd average length of follcw-up (yfs). The lung cancer prevalence rate in this high risk

cohort was also determined and is used in the economic model in the following chapter.
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5.3 Results '

In orde_r to avoid prematurely excluding any lu;ig eancer‘ patients, both linkages were
done prior to applying any eXclusien criteﬁa to individual patiehts. Of the 3193‘ patients in our
database at the B.VC. Cancer ReSeafch Centre;' 1833 had Caneer Agency ID numbers and were
included in the first linkage with the registfy. The link reported fhat 364 of these patients had
leng cancer and after arpiplying’ exclu__sidn criteria to this group (in addition to individual record
review from the Cancer‘ Agency Information System .(CAIS), only 44 patients required detailed
chart review for a final eligibility deeision. After ensuring‘ all inclusion criteria were met and no
exclusion criteria applied to'fhese patients, 31 lung caneer patients were deemed eligible for
inciusien in this analysis. Non lung cancer patients were also squect to inclusion/exclusion
criteria and as a resﬁlts the initiel 1833 ﬁatient’s were reduced to. 554 eligible patients.

Tﬁe' remaining 1360 patients in the B.C. Cancer ReSearc_h Centre database lacked Cancer
Agency ID numbers meaning although they may:have sputum analysis they have not proceeded
to bronchoscopy for a variety of reasoﬁ and therefore have no ID number with the BCCA.
Results returned from the link with the registry indicated that 24 patients had developed cancer
since 1est contact with the'Lung Health Stud‘y.v: Applying inclusion and exclusion criteria to these
24 patients ’allowe('i those eligible to be fuﬁhef fed_uced to 5 aﬁd detailed chart reviews found no
further reason to exclude any of the 5 patients. Non lung caner patients were also screened with
inclusion_/eXclﬁsioh criteriaer}id the original 1360 in this group was redueed to 1331 eligible
patients. Combining these results with the first linkage, a total Qf 36 (31 + 5) patients were found
to have lung ca.ncer:amon.g 1885 (554 +1331) eligible study patients; |

Next, the 1885 patients in the database that were eligible for inclusion in the study were

separated into the following sub-groups for statistical purposes:
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All Eligible Patients o _

All Eligible Patients with at Least 1 Bronchoscopy
‘Lung Cancer Patients o

Lung Cancer Patients with at Least 1 Bronchoscopy
Lung Cancer Patients with No Bronchoscopy

moawy

Statistical characteristics for ¢ach of the aboye 5 sub-groups is presented in Tables 5.1 through
v5.5.'.Calcu1a.ted. data includes fhe mean, vstandard deviatioh, median, ‘minimum and maximum
Value_:s relaﬁng to age, sex, smokihg hiétéry, and duraﬁoﬁ of follow-up (i.e. how long patients
have been followed from the time théy entered tﬁc database to December 31 , 2002). In addition,
forced expiratory volumes (FEVI' and ‘FEVI%) are included to summarize information on
patient’s lung volume capacity, aAfa_ctor believed to décreasé as a result of smoking. In situations
when data was nof available for all" fnerﬁbers of a subgroup, a 'note‘ was made and the
denominator adjusted accordingly.

Comparing the statistics presented 1n Table’s 5.1 and 5.3, the mean age of the screened
cohort was 58 while the mean age of lung cancer patients in the screened detected cohort
increased to 62. This trcnd was also seen in pack year data with the mean being SO pack years for
the entire cohort, then increasing to 60 pack years fér those 36 patients with lung cancer. Of the
509 patients in the entire cohort who were former smokers, 2.2% déveloped lung cancer. In
comparison, 1.8% (25/ 1369) of current smokers devéloped lung cancer. FEV1 % predicted

results decreased in lung cancer patients compared to the 1885 cohort with values of 71% and

84% respectively. Figure 5.1 outlines the clinical course taken by the 1885 patients as a result




Table 5.1 All Eligible Patients, Age 45+ and 20+ Pack Years with Sputum Analysis

Total N=1885 - Male - Female
SEX . 987 (52.4%) . 898 (47.6%)
: , . Current -  Former
SMOKING HISTORY | 1369 (72.9%) 509 (27.1%)
' : Normal . Atypia*
SPUTUM - 674 (38.3%) 1087 (61.7%)
Mean .. Stand.Dev. Median = Min Max
AGE o : 57.94 ' 7.70 - 57.02 45.00 80.07
PACK YEARS : - 49.84 - 19.05 - 45.26 20.00 196.00
Duration of F/U (Yrs) 3.16 171 261 0.61 12.43
FEV1** ' 273 0.91
FEV1 % predicted** 84.11 " 33.2

*  Atypia defined as: >=5 cells with DNA score >=1.2 ‘
** Note — only 1781 of the 1885 (94.4%) patients have FEV1 results.

Table 5.2 All Eligible Patients, Age 45+ and 20+ Pack Years with at Least 1 Bronchoscopy

Total N = 1003 ' Male Female
SEX . - 534 (53.2%) - 469 (46.8%)

v : Current Former
SMOKING HISTORY 728 (72.6%) 275 (27.4%)

. ‘Normal** Atypia*
SPUTUM R 283 (29.9%) 720 (70.1%)
~ Mean . Stand.Dev. Median Min Max

AGE ' 58.04 o 7.68 - 57.14 45.02 80.07
PACK YEARS - 50.81 - .19.80  45.38 - 20.00 176.40
Duration of F/U (Yrs) 3.42 1.67 2.73 0.61 12.43
FEV1} - 2.68 0.91
FEV1 % predicted® 82.31 41.91

* Atyp_iabdeﬁned as: >=5 cells with DNA score >=1.2
** Large proportion of these patients developed ATYPIA after NORMAL baseline sputum
¥ Note — only 870 of the 1003 (86.7%) patients have FEV1 results.
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Table 5_.3 Lung Cancer Patients, Age>45+ and 20+ Pack Years

Total N=36 - - . Male - Female .
SEX - 19(52.8%) - 17 (47.’2%)

Current Former
SMOKING HISTORY 25(69.4%) - 11(30.6%)

Normal . Atypia*
SPUTUM 5(13.9%) 31 (86.1%)

Mean . Stand. Dev. Median Min - Max

AGE 61.70 - - 825 - 61.95 - 45.00 78.35
PACK YEARS - 59.66 30.58 - 49.65 31.00 172.00
Duration of F/U (Yrs) 3.93 . 2.85 3.57 0.63 13.99
FEV1 B 2.15 . 0.83
FEV1 % predicted - 70.91 25.07

* Atypia de'ﬁne_dA as: >=5 cells with DNA score >=1.2

Table 5.4 Lung Cancer Patients, Age 45+ and 20+ Pack Years with at least 1 Bronchoscopy

Total N =31 Male Female
SEX 17 (54.8%) 14 (45.2%)

: Current . Former
SMOKING HISTORY 19 (61.3%) 12 (38.7%)

‘Normal . Atypia*
SPUTUM 309.7%) . 28(90.3%)
Mean Stand. Dev. Median Min Max

AGE , : 61.97 8.35 62.31 45.00 . 78.35
PACK YEARS "~ 43.80 32.69 48.1 31.00 172.00
Duration of F/U (Yrs) 3.84 . 3.04 2.41 0.63 13.99
FEV1 _ ' 2.19 - 0.82
FEV1 % predicted 71.52 24.70

* Atypia defined as: >=5 cells with DNA score >=1.2
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Table 5.5 Lung Cancer Patients, Agé 45+ and 20+ Pack Years with No Bronchoscopy

Total N = 5% . Male Female
SEX - : . 2 (40%) 3 (60%)
Current -  Former

SMOKING HISTORY - 5(100%) 0

S ~ Normal - Atypia*
SPUTUM : . 2 (40%) .3 (60%)

, Mean Stand. Dev. Median Min Max
AGE o - 60.01 - - 741 58.33 49.61 72.49
PACK YEARS 52.69 7.12 51.2 46.00 66.00
Duration of F/U (Yrs) 4.51 - 1.08 4.27 3.34 - 6.14
FEV1 : : - 2.02 - 0.86 :
FEV1 % predicted . 66.20 - 24.35

*All 5 of these patients found to havé lung cancer on follow-up through the regiétry.
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of sputum analysis and bronchoscopy préc’edures. There were 17 incident cancers deteéted
through baseline bronchoscopy; serial brohchoscépies or sputum only. There were 19 prevalent
cancers detected upon initial screéning. Only 2 patients with normal sputum analysis developed
lung cancer and were identified through the registry link.

Additional information was reported on the 36 patients found to have lung cancer. The
mode of diagnosis, cell type and stage distribution fuﬁher characterize the lung cancer patients
(Table 5.6, 5.7 and 5.8) and highligﬁt the result that 12 patients were positively identified as
having develop lung cancer through the prdvinciai registry linkage. A large proportion of lung
cancer patie;nts were diagnosed with either adenocarcinoma (44%) or squamous cell carcinoma
(36%), both NSCLC. From the stagedi.stribution at diégnosis (Table 5.8), a significant portion of
lung cancers were found in Stage 0 ldr Stage I, for which the likelihood of survival increases.

Using these results, the prevalence rate for lung cancer in this high risk cohort was determined to

be 1.9%.

5.4 Discussion

A significant number of batients in the B.C. Cancer Research Centre database had to be
excluded for one or more of the reason stated earlier in the exclusion criteria. Many patients were
either referred to the BCCA, were consuit patients or were having follow-up diagnostic testing.
In all of these situations patients presented with symptoms and therefore had to be excluded as a
screening programme aims to detect cancer cases with no clinical symptoms. The linkages done
with the provincial registry allowed 12 patients With luhg cancer to be identified whose diagnosis

would not have otherwise been known to our study group.
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Table 5.6 Mode of Diagnosis for 36 Lung Cancer Patients |

Mode of Diagnosis Number of Cases
Prevalence Screen Case _ ' 19 (53%)
Incident Follow-up Case o 17 (47%)
o Serial Bronchoscopies - ' ' 5
e BC Cancer Registry : : 12
» Previous Negative Bronchoscopy ’ 8
> Previous Negative Sputum 4

Table 5.7 Cell Type Distribution for 36 Lung Cancer Paﬁents

Cell Type* -~ Number of Cases
Squamous Cell (NSCLC) _ 13 (36%)
Adenocarcinoma (NSCLC) , ‘ 16 (44%)
Poorly differentiated NSCLC ' » 2 (6%)
Small Cell Lung Cancer (SCLC) - . 5(14%)

* According to patient pathology reports.

Table 5.8 Stage Distribution for 36 Lung Cancer Patients

Cell Type Prevalence Screen . Follow-up Overall
NSCLC N - ' ' ‘ '
Stage 0 ' 22% 31% 26%
Stage I 45% 8% 29%
Stage 11 11% 0 6%
Stage I1I : 22% ‘ 38% 29%
Stage IV ' 0 23% 10%
SCLC ’
Limited disease 1 0 1
Extensive disease 0 : 4
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Eligibility criteria .for this analysis. required that patients be 45 years or older with a
smoking history of 20 or more pack years. Although researchers in this field agree that a lung
cancer screening programme needs to target high risk individuals in order to be effective both
from a clinical and economic viewpoint, ther_e is no standard set of criteria for defining such a
high risk cehort. Other lung cancer sCreening studies have ihve_lVed participants between the ages
of 40-70 yrs, (Henschke et al, 1999), .60-75 yrs (SWenseri et al., 2002) and 60-74 yrs (Marshall
et al., 2001).-Packv years is not always used to determine smoking history and some published
studies only state that current and‘ former heavy smokers were invited for screening (Swensen,
2002; Sone, 2001; Sobue, 2‘()02).. In studies where pack years are calculated values range from
minimums of between 20 and 40, with a mean value of '44 pacic years (Henschke, 1999). The
conservative criteria of 45+ years-old and l20+" pack years could be narrowed further to target a
higher risk group since the mean age and pack year history of lung cancer patients was found to
be 62 and 60 respectively. Increasing the screening age from 45 to 55 would result in 7 of the 36
lung cancer cases being missed But the deteetion rate would increase from 1.9% to 2.1%. These
clinical results from ASC screening will be used in the ‘economic model in Chapter 6.

Without a doubt the major goal of a lung cancer screening programme is to detect early
stage disease when there is improved likelihood of 'survival. The stage distribution results
presented above indicate that 8 of the 36 cancers were detected in Stage 0 and 11 cancers were
found at Stage I meaning just over 50% of cases were diagnosed in the early part of disease
progression when curativesurgery is ai/ailable. The cell type results are consistent with current
data in other lung cancer populations and reflect the increase in the proportion of cancers
classified as adenocarcinomas (Than et.al., 19'9-7), especially among female smokers. Since
adenocarcinoma is a peripheral disease in the lung, there is a common belief that it does not
exfoliate cells that remain intact .in sputum,v rendering sputum analysis of little utility. The

proposed method of sputum cytometry analysis however has shown it is effective in detecting
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adenocarcinomas in a field study by Palcic et al. (2002) and the results presented here support
this.

This analysis is ﬁot without limitations. This was a re‘;rospective analysis to some degree
and it was therefore impossible to ensure the completeness of data for all 1885 eligible patiénts.
In some instances, paék year information was _missing; sputum results were not recorded or past
medical histories may not be complete.vPat.ien'tAs with missing data were removed from the
denominator when calcul.ating sub-group characteristics. A‘small prdportion of sputum analysis
was carried out on specimens coll_ectéd through the 3-day pool method and not the standard vest
method used at the BCCA. |

The provincial cancer registry provides'the most complete -source of information on
cancer cases in the pvaince of B.C. but it is not withoﬁt its own limits. Certainly not all lung
cancers are accounted for inv this registry. Those patients who do not seek treatment may be
missed as well as those whose primary cause of death is not lung cancer itself. This lung cancer
screening programme is offeréd thrbugh the BCCA ‘in the city of Vancouver, a major
metropolitan hub for the province. It is kndwn that smoking vprevalence .is slightly higher in the
interior/rural regiéné of ‘Britil‘sh Columbia and therefore a higher prevalenée of lung cancer may
be reported in these areas. Fifty;ﬁve percent of those living in the Vancouver/Richmond health
region claim to never have smoked, while the number drops to as low as 39% in the Coast
Garibaldi health region (Vancoﬁyer anstal Héalth Authority, 2002). Smokers living in rural
areas of the province may be less 1_ikely. to travel farthér distances for lung cancer screening and
this highlights the neéd to ensure a population based screériing programme is accessible to those
that would benefit most from it. The BCCA clinica.llv trial is ongoing and as more data is

collected, clearer assumptions regarding the efficacy of ASC will be supported.
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Chapter 6. Economic Decision Analysis Mddel for the Evaluation of Lung Cancer
Screening with Automated Sputum Cytqmetry
6.1 Introduction

This model is designed to evaluate the c’ést-utiiity of using sputum cytometry as a first
step screening test in detecting preclinical lung 'cancér. A societal perspective is adopted for the
analysis to support this screening progrémme b_eihg adopted on a large scale population basis in
the future. In Canada, a natiorial, governirierit fundéd health care system is in place. Costs are
measured in dollars and repdrt’ed in 20(_).3, Canadiari"d‘ol_lar.s and _vben_eﬁts are measured in quality
adjusted life years. -

A full ecoﬁomic evaluation involves the compariéon of one or more alternatives to the
proposed intervention. Although there is no current mandated lung cancer screening programme
anywhere in the world, current clinical 'practice dictates the use of helical CT scans and
bronchoscopy‘ in the detection of .cancerous lésions in "the. lurig. Brdnchoscopy involves a
definitive pathology report on the presence or abseﬁce of malignancy. In this model there are
three mutually exclusive screening alternatives in the decisions tree. To demonstrate a stage shift
(i.e. a greater proportion of patients diagnosed with preclinical lung cancer) as a results of
screening, one ’.al"m 6f the study demonstrates disease progression when no screening is
implemented. The three decision pathways are sumrﬁaﬂzed below. Diagnostic follow-up implies
further CT scans, bronchoscopy, or other definitive élinical diagnostic procedures.

1. Sputum cytometry — CT scan — Diagnostic follow-up — Lung cancer
2. CT scan — Diagnostic follow-up — Lung cancer

3. No screening — Lung cancer
A simplified depiction of the decision analysis tree is shown in Figure 6.1 which condenses the

many diagnostic follow-up procedures in each of the screening arms. The detailed clinical
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pathways and health states thét persons would fraverse haviﬁg received séreening are shown for
reference only in Figure 6.2 and 63 »Or‘lce an individual is diagnosed with lung_cancer, the
patient cycles through the various stéges of disease by means of a markov model (see Section
6.2). Through sensitivity analyses, model parameters that are influential in detérmining the cost-
utility of screening will be identiﬁéd_._

The'resea'rch airh was to g;clin iﬁSight into the important factors inﬂﬁencing écreening
efficacy and economic effectivéness while testing fﬁe hypothésis that using sputum cytometry as
an initial scréening test would be cost-effective compared to no screening and screening with CT
scans. Since CT screening is unable to detect pfeclinical lung éancer, the potential benefits
(QALYsSs) are expected to improve with sputum cytdmetry.compared to CT screening. The higher
false positive rate from CT svcre.ening is ‘expe'cted to éo_ntribute significantly to diagnostic follow-
up costs in this arm of the mod'e'l,‘ while screening with sputum alongside CT scans is

hypothesized to reduce over-all costs.

6.2 Data Sources aﬁd Model Design |

Every effort has been made to use scientifically published, peer-re?iewed data upon
which to base any quantitative assumptions in this decis.‘ion analysis. Clear rational for model
assumptions is provided in situations where published data was limited. A number of sources
have been used to generate cdsts, probabilitvies and assﬁmptions for this cost-utility model.
Whenever possible, all costing data (both_for screening tests and for managgment of lung cancer)
was taken from Canadiah studies and reported in Canadian doilars inflated to 2002 values using
the Consumer Price Index.(CPI) for Héalth Care frdm the Bank of Cénada (base period 1992 =

100).
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The Health Analysis .and Modeling Group at Statistics ‘Canada (Ottawa), provided much of the
data on the cost of managing-lung cance; in Cahada as well as the diétributidn of disease in the
population. The cost of sputum cytometry was obtained from Perceptronix Medical Inc. (PMI), a
local research ahd development company in VancOuvgr ¢urrently conducting a clinical trial on
the clinicai effe.ctiveness'v of sputum éytOmétry. Only (iirect mediéal costs were considered in the
model as it was assum_ed that ail facilities é,nd equipment were previously established for such a
screening programme. All costs were diséou'nted at 3% per year with sensitivity analyses
conducted using 0% and 5% discount rates. |

The parameters required for e\}aluating a écreening pfogranime include characteristics of
the diseése "(prevalence, incidence, r_nortality rates, and quality of life) and characteristics of the
screening test (sensitivity, spe'ciﬁ‘city, positive/negative.predictive values). In instances where
Canadian data on lung cancer sﬁrvival and mortality was incomplete, the Surveillance,
Epidemiology, and End Results (SEER) national cancer database in the United States was used
to supp{lc.amen'tv statistical p'robabilities. |

The‘hypotheticavl cohoff conéisted of 100,0002 current or former smokers with a minimum
20 pack year smokihg history (see Appendix A for caléulation of p‘ack years), who were between
45 and 74 years old. Five year annual screening was modeled. Costs associated with diagnosis
and treatment were determined for a 10 year follow-up peri6d beginning at the time of initial
screening. After 10 years, luhg cancer patients nwere considered cured and éntered remission for
the remaiﬁder of their lifetime, although yeariy sﬁﬁeillaﬁce costs Were still incurred in this group
of patients. The 5-year survival rat_é for patients diagnosed with lung cancer is 14% for males and
17% for females (Health Canada, 2002) and in this respect those few patients that do survive for
10 years would be considered cured. It is necessary to follow the cohort for an extended period
of time to capture any changes in QALYs that might occur years aft_er screening. Costs and

QALYs were therefore calculated over a 50 year follow-up period at which time 99% of the
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cohort died. 'T.hose participants in the non-sereened group faced yearly transition probabilities of
staying alive without apperent lung eancer, developing and dying from lung cancer, or dying
from other causes. Survivorship with hirlg cancer was corlSidered to .be the same for those in the
screened and non-screened group and was medeled using data from SEER.

Pallrticipzvmtsl in the screening arm of the medel were also subject to lung cancer transition
probabilities but faced a different clinical slage distribution as e result of the disease being
diagnosed through screening. Often referred lo as a downwa_lfd stage shift, many of the cancers
detected by screening are presumed to be 1n the ip_revcl_ini.clalor localstage rather tl1an at a more
advanced stage llence the greater chance .of survival in screen detected cases of lung cancer. For
example,v if the stage distribution for the IlOnfscreened group is 80% advanced and 20%
localized, then a 50% stage shift would result in a 40% advanced and 60% localized stage
distribution for the screened group. A recently published study by Mahadevia et al. (2003)
assumed a 50% downward stage shift in their model for CT screening. Prelimiliary data from CT
screening research at the BCCA indlcates a stage shift of 59% (unpublished data, McWilliams).
Table 6.1 shoWs the initial stage distribution for each of the 3 pathways in the model. CT
screening ean only detect radiologieal tumours as early as Stage I while sputum can cytometry
can detect cellular changes at Stage 0.

Approximately 85% of lung caneele are NSCLC with the .remaining> 15% classified as
SCLC (Reis, 2000). To keep the com.plexi‘tyv of the model with manageable limits, disease
characteristics afé based on probabilities for those with NSCLC only. The staging of NSCLC has
also changed over the past 40 years. In this analysis, SEER lung cancer survival data for the first
10 years only is derived from the Amer_i_can Joint Committee on Cancer Staging system (which
classifies lung cancers into Stage O through Stage IV). .For the remaining years (>11) survival

data is based on historic SEER summary Stage 1977 database which classifies cancers into early,
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Table 6.1 Distribution of Tumours Detected in a Hypothetical Cohort According to the
3 Screening Alternatives

Without Screening - Helical CT Screening . Sputum Screening (LHS)
Disease =~ Male Female Total Male Female Total Male Female Total
stage (%) ) ) (N ) B ) R (W

Stage0 0.0 00 00 00  00. 00 318 71 222
Stage] 187 235 206 824 - 882 853 409 500  44.4
StageIl 4.1 41 41 43 30 37 136 71 111
StageIll 31.0 265 292 133 88  1L1 136 357 222
StageIV 462 459 461 00 00 00 . 00 0.0 0.0




localized, tegional and distant stages. Thié dual system was needed to account for the lack of
longitudinal survival datet iri each staging syetem. Quelity of life was incorporated into the model
outcomes using QAL_Ys‘ for the various health states. QALY's combine both life expectancy and
quality of life into one measure and are considered necessary for any cost-utility analysis where
patients may have a change in quality of life as a result of _an‘ intervention. Utility weights were
obtained from the literature as rei)orted‘b.y ‘_Earle et al. (2000) and by Trippoli et al. (2001) who
also found a difference 1n the qﬁality of iife among those'patients with screen detected lung
cancer as opposed to those‘with rio sereening. To incorporate these proxy values in this analysis it
was essu'med that Stége 0 and I disease were local, Stage Ii and III regional and Stage IV distant.
Table 6.2 shows utility weights_' used to determine effectiveness outcomes. QALYs were
discounted at 3% per year. |

A base-case analysis was perfermed using ‘estimates considered to be most accurate for
each parametef in the model. The cycle length of the model was one year meaning that one cycle
through the model is equivalent to one year of life for each patient.. Incremental cost-utility
ratios (ICER) are ealeulated by comparing the difference in cost and effects for each of the 3
mutually exclusive options. Scteening optio'ns are ranked in order of aScending costs. To test the
robustness of the results, serisitivity analyses were carried out to evaluate the impact on cost-
effectiveness of using more extreme estimates for each parameter. The effect of varying the
baseline cancer risk, the perform.ance of the diagnostic test, the cost of the test, and the degree of
stage shift were varied on an individual basis (one-way sensitivity analysis) and in combination
with other variablesx (multi-.w‘ay einalysis). Table 6.3 shows annuzil piobabilities and costs used in
the base case ‘analyéis as well as those values .used in sensitivity analyses. Where multiple
sources were cited for quantitative'aséumptions, Weighted averages were calculated. The model
itself was constructed using Decisien Anaiysis by TreeAgem'(DATA) Software, Data Pro 4.0,

Healthcare Edition.
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Table 6.2 Utility Values for Those Patients Living with Lung Cancer

" Base Case Favours  Against Reference

_ Analysis Screening Screening
StageOandI 0.73 o069 0.83 Earle -
No Screening Arm . I .
Stage 0 and I - - 0.83 0.88 - ~0.69 Trippoli
Screening Arms : ' :
Stage IT and III 0.71 0.66 0.81 . Earle
Stage [V~ A 0.66 0.30 0.76 Earle
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While most deci'sio-n‘ trees include a siniple notion of time ti.e., events to the right of the tree
occur after those to the left), there are no shortcuts in a standard tree structure fepresenting
events that recur over time. A state traﬁsitidn model, .b'ased on a markov model, was designed to
efficiently represent recursive events. A markov model deécﬁbes the movement of members of a
population through -é set of .states.' T;ah_sitioﬁ prébabilifies:répresent the likelihood that any
individual in a certain state will move into a differént state. Such a model was used in this
decision treé to simulate the movement of patients through various stages of lung cancer, into
remission and onto the final death stage. It was essential to implement a semi-markov process in
this model since a patient’s probability of rﬁoving to the bnext clinical phase of lung cancer
changes with incréasing ége. SEER hist'orivcal transitién 'proBabiiities were only available for a
period of up to 30 years post lung can‘cer diagnosis. Sincé this cohort of patients was followed
for 50 years the remaining fransi_tion probabilities were estimated by DATA™ using
interpolatioﬁ. ThlS method will return a transition probability value which is calculated by linear
interpolation between successive table indexes. Figure 6.4 depicts the first 10 years of the
markov model for those patients who devélop lung»can'cer. Surviving lung cancer patients move
into the second portion (or remission. stage) of the markov model (shown in Figure 6.5)
b.egin'ningvin year 11 énd remain there until they die. In actuality DATA combines these two
markov trees for anélyées but they are debicted separately here for clearer illustration. Table 6.4
shows the transition probabilities for 'Stag.e 0 through Stage IV for the initial 10 years. Table 6.5
shows the éurVival probabiiitiés for. yeafs 11 onward for early through distant stage lung cancers.
The likelihood of deatﬁ from lung cahce_r in_each stage is the same for both screened and non-
screened patients who develdp disease but the initiél stage distribution of lung cancer is different,
as diécussed above. For those patients who do not receive screening the transition probabilities
from alive and healthy to dead (as a person ages) are taken from Statistics Canada Life Tables
(Table 6.6).
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Figure 6.4 Markov model for lung cancer patients for first 10 years post diaghosié.
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6.3 Results -

The model'.was énalyzed by ro_ll'ling back fhe tree to detér'rriine the average ;:oét and
number of life years gained per patient. Costs were caiculatéd over 5 years for screening and for
the.' 45 year 'di_séase fdllow-up/su&eilimce bériod a_ind are reported in 2002 Canadian dollars.
Patients who devel‘(v)ped lung cancer cycled through the rﬁarkov model for a period of 10 years
after which they were assumed cured a_nd_fnoved intQ a 'r‘er'nis.sion markov model.

For patients in thé no screer;ing arm fheré ‘were 1',042 lung cancer 'dea'ths per 100,000
patjents compared with 882 .lung canéer deaths per 100,000 screened patients in the CT screening
arm and 85'7‘ deaths per 100,060 patiénts in ti)e sputum screening arm. This result indicates a
relative mortality reduction of 15.3% with CT screeniﬁg and 17.7% with sputum screening arm.
Incremental costs consumed and thé incre"men'talj effect_ivénéss (QALYs) produced bfrom the three
mutually exclusive screéning stfafegies arve‘shown in Table 6.7. Comparing the incremental costs
for each .strategy, 'CT screening alone has a greater incremental cost compared to sputum
screening »($7,072 vs. $1,088). Intérpretatior_l of these increméntal éosts leads to the conclusion
that under these circumstanceé, CT screerﬁng is weakly dominated by spﬁfum screeniﬁg and
should never be implemented as a lung cancer screening strategy. The CT screening option was
removed from the aﬁalySis as a p.oten‘tial‘ strategy and thevICER' fecalcuiated comparing sputum
screening to no screening (Table 6.8).

In fhe base-éase ana]ysis the average lifetifne cost per paﬁent was $13,v061 in the sputum
+ CT screening arm compared tov $5,262 in thé Ino screening aﬁn. There was a net gain of 0.1420
QALYs in the spﬁtum + CT arm and this resulted in‘an ICER of $54,923/QALY. Table 6.9
provides a summary around the variance in results for each of the three screening strategies. The
distribution of costs and effects (QALYs) for the bsputum s_creéning arm is shown in Figure 6.6
and 6.7. The bimodal distribution of costs is reflective of th_dse patients that remain free from

lung cancer compared to those who develop the disease.
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Table 6.4 Markov Transition Probabilities for 'Lung Cancer Patients for First 10 Years

After Diagnosis
Stage 0 Stage I Stage 11
Cycle# | Die | Survive | Die Survive Die Survive
0 0.2526 0.7474 | 0.2076 0.7924 | 0.2632 0.7368
1 0.2464 0.7536 0.1826 0.8174 - 0.2829 0.7171
2 0.1312 0.8688 0.1309 0.8691 0.2051 0.7949
3 0.1751 0.8249 [& 0.097 - 0.903 | 0.1508 0.8492
4 0.0655 0.9345 0.08 10.92 0.125 0.875
5 0.0467 0.9533 | 0.0741 0.9259 | 0.1039 0.8961
6 0.0706 0.9294 0.0635 - 0.9365 0.087 0.913
7 0.0421 0.9579 0.0635 0.9365 0.0936 0.9064
8 0.0364 0.9636 0.0596 0.9404 |; 0.094 0.906
9 0.0363 0.9637 0.0547 0.9453 0.0633 0.9367
10 0.0458 0.9542 0.0581 0.9419 | 0.0849 0.9151
— T
Stage 111 Stage IV
Cycle # Die | Survive Die Survive
0 0.589 0.411 0.8172 0.1828
1 0.5158 0.4842 0.6833 0.3167
2 0.3404 0.6596 0.4667 0.5333
3 0.22 0.78 0.2779 0.7221 |,
4 0.1567 0.1973 0.8027
5 0.1174 0.8826 0.1491 0.8509
6 0.1164 0.8836 0.1556 0.8444
7 0.1038 0.8962 0.1151 0.8849
8 0.0939 0.9061 | 0.1058 0.8942
9 0.0754 0.9246 || 0.0784 0.9216 |
10 0.1125 0.8875 | 0.1477 0.8523 |
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Table 6.5 Transition Probabilities for Lung Cancer Patients in Remission for Years 11

Onward
Early Stage (Stage 0) Localized Stage (Stage I)

Cycle # Die Survive - Die Survive

11 11 .0 0.9606 0.0394
12 0.7673 0.2327 0.9648 0.0352
13 1 0 0.9682 0.0318
14 1 0 0.9548 0.0452
15 0.6838 0.3162 0.9396 0.0604
16 1 0 0.9719 0.0281
17 1 0 0.9453 0.0547
18 1 0 0.957 0.043
19 0.8845 0.1155 0.9271 0.0729
20 0.7744 0.2256 0.9647 0.0353
21 n/a " ‘nla ~0.98 0.02
22 nia n/a 0.942 0.058
23 n/a n/a 0.94 0.06
24 n/a n/a 0.9224 0.0776
25 n/a n/a 0.9588 0.0412
26 n/a n/a 0.9615 0.0385
27 0.9195

(Stage 11 and III)

0.0805

e (Stage I'V)

Regional Stage

Die ~ Survive

Distant Sta

Die Survive

11 0.9503 0.0497 0.9644 0.0356
12 0.9354 0.0646 0.8979 0.1021
13 0.9505 0.0495 0.9429 0.0571
14 0.9183 0.0817 0.9897 0.0103
15 0.9279 0.0721 | 0.9222 0.0778
16 0.9218 0.0782 |- 0.8687 0.1313
17 0.9107 0.0893 1 0
18 0.975 0.025 0.9804 0.0196
19 0.9768 0.0232 0.8722 0.1278
20 0.9246 0.0754 | 1 0
21 0.9642 0.0358 0.9536 0.0464
22 0.8711 0.1289 0.9278 0.0722
23 0.8419 0.1581 0.8813 0.1187
24 0.9389 0.0611 n/a n/a
25 0.886 0.114 n/a n/a

0.7326

n/a

n/a




Table 6.6 Survival Table for Patients Without Lung Cancer

Probability of Surviving
Age of healthy person - 1 additional year
50 - 0.99597
55 ' - 0.99372
60 o - 0.99015
65 . ' 0.98390
70 0.97403
- 75 0.95832 -
80 - 0.93191
85 0.88574
90 0.81317
95 0.71725
100 0.59939

*Statistics Canada, Life Table, 1997
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6.3.1 Sensiﬁvity Analyses
One way sensitivity annlysis was perfnrmed by varying individual parameters in
the model and observing the nhanges in _cqst—utility ratios. In veach' of the following sensitivity
analyses, the ICER is defennined by cnmp'ar'ing results between sputum + CT screening and no
screening. An increase in the sensitivity of sputum cytometry screening and the prevalence of
lung cancer in the high risk_cohort had the .greatest ‘effect on model p_redictions. With a test
sensitivity of 0.9 the ICER drnpped to $35,_530/QALY.‘ More conservatively, increasing the
sensitivity to 0.7 resulted in a ICER of $41,884/QALY (Figure 6.8). If the prevalence of lung
cancer in the screened population drbpped to 0.8% from 1.9%, the ICER raises dramatically to
$100,845/QALY whiie an incrnase in diséase prevalence to‘ 3% resulted in an ICER of

$44.659/QALY (Figure 69). |
The cost of the sputum test and. the degree of stage shift had less impact on cost-
effectiveness. Reducing the coét of the test ‘ﬁvrom $100 to $50 improved the ICER by
approximately $12,800 from the baseline result (Figure 6.10). Cutting the stage shift in half,
from 60% to 30%, resulted in a significant chnnge in the ICER to $76,718/QALY. Improving the
stage shift to 70% had léss of an effect On the .outccl)'mé of ICER of $41,716/QALY (Figure 6.11).
Lastly, sensitivity analysis was performed nsing discounts rates of 0% (no discounting)
and 5%. Failure to discount future health related benefits will tend to show more favourable cost-
utility ratios compared with discounting. The cost per QALY was affected by the discount rate,
however the overall conclusions of the‘study n_/eré not. Applying 0% and 5% discount rates to
the 3 screening strategies conti.nued'to dembnstrate _that CT screéning is dominated. Cost—uﬁlity
ratios ranged from $43,806/QALY at a 0% discount rate, to $61,120/QALY with a 5% discount

rate.
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The decision tree software used fo construct and analyze this economic model allows for both
one and two way sensitivity vanallysis to Be. cohducted. Table 6.9 show the effects of combining
two variables that were exaﬁliﬁed in the 1-way sensitivity analyses reported above. Variables
with a greater potential for Varian¢e, such as the spéciﬁcify of the test (With improved imaging
teéh_riiques) the degree of stége shift (détecting'a greatér proportion of lurig cancers in the pre-
invasive stage) were varied in éombination ‘with one énother. Using the most favourable and
unfa\'zourable esﬁmates ‘(Table 6.10) for’» all the pafanieters in the model, the impact of these
‘simultaheous éhanges .w.er(ve signiﬁcant; Resﬁlts show that using the least favburable estimates of
all the input variables gé_nerates a signiﬁcantly high ICER of $94,171/QALY. Conversely, using
the most favourable estimates for the same parameters’ signiﬁcéntly reduces the ICER from
$54,923/QALY (baéeline analysis) to $34,338/QALY.

As discussed in Chapter 2, malig;lanéy associated changes (MAC) are also being studied
as a poteﬁtial bi_oma;rkér 1n pre-ihvasive neoplastic lesions of the lung. To test the outcome
measures against using MAC in sputum samples (as meas_ured' by cytometric analysis) the
sensitivity of the test was changed to 0.95 while the specificity was decreased to 0.4
(unpublished results from PMI Inc., 2003)..Statistically, this would increase the number of true
positive cases but also iricreasé the number of false positive cases deteéting through sputum

screening. This would lead to unnecessary diagnostic follow-up in a significant number of

patients and the ICER would be $66,571/QALY.
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6.4 Limitations and Feasibility

There aré a nﬁmber of limitations in fhis model that should be addressed. Firstly, the
timing of lung cancer diaghosis can results in léad time bias. Overestimation of survival time,
due to the backward shift in the starting bbint fdr ,measuring survival .was not taken into
consideration. Mafshall :et al., (2001) used a 1-year decreé_se 1n survival benefit as a proxy for a
1-year lead time bias aﬁd fo‘und that the cost;utility of . CT screening increased
from$19,533/QALY (US$ 1999) to $50,473/QALY. Two other important bias are likely to have
an effect on outcomes in this econbmi(; modei. Over-diagnosis bias, meaning those lung cancers
detected through screening do not actually cause clinical disease and length time bias, in which
tumours detected are yefy slow g;ov;fing with long‘ latenéy periods, have not been addressed in
the model. |
Costs incorporated in the decision analysié aigorithrh do not include indirect costs such as those
attributed §vith diagnoStiC complications or .opportunity costs such as travel time and lost
productivity as a result of screening. As the age of screening candidates increases it is assumed
that foregone opportunity costs Wduld decrease as many patients would no longer be in the work
force. The model also assumes that the capital équipment and resources for such a screening
programme are alfeady in place and so represents the ‘steady state’ when such a programme
would be operating. This is considered a reasonable assumption for the model with respect to
current clinical practice in dia‘gnosin‘g» luhg cancer using CT scans and fluorescence
bronchoscopy, it .does not hpwever take ihto account the initial cost of setting up a laboratory
with the proposed sputum cytometer to analyze clinical slides. Capital cost estimates related to
the design, construction and ‘set-up of a sputﬁm cytometer have been estimated by PMI to be
approximately $65,000. Practical considérations and policy issues raised by implementation of
lung cancer screéﬁing such as how indi;/iduals' ét high risk for iung cancer would be targeted are

not addressed in the model.
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Table 6.10 Multi-way Sensitivity Analyses of Lung Cancer Screening with Sputum

Cytometry
Analysis ‘ ICER (Sputum + CT Screening
Variable Description : vs. No Screening)
' ' (2002 CDNS$/QALY)
Base-case Scenario ,
Prevalence of lung cancer 0.019 §54,923/QALY

Cost of sputum cytometry $100
Sensitivity of screening test 0.45

Two Way Sensitivity Analyses

A. Sensitivity 0.7
Prevalence 0.3

$54,116/QALY

B. Sensitivity 0.7

Cost of test $150 . ' $67,408/QALY
C. Sensitivity 0.7
Stage Shift 70% $,57’322/QALY
D. Specificity 0.95
Sensitivity 0.40 - $66,571/QALY
(MAC as biomarker)
Multi-way Sensitivity Analyses .
Most Favourable Scenario $34,388/Q ALY

(favourable estimates from Table 6.3) - -
Least Favourable Scenario
(against screening estimates from Table 6.3)

$94,171/QALY
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It is assumed that the entire cohort is screened and that there is full compliance with
screening protocols. This is rarely this case 1n true clinical practice and an annual non-adherence
rate has been shown to affed the ICER in other lung nancer scréening’ models (Mahadevia et al.,
2003). Clearly, if < 100% of tne cohort is sc>reenedb and complies with follow-up diagnostic
testing, the ICER will increase. Annual non—édherénce, rates feported 1n lung cancer screening
literature range from 3% to 18% (Henscnke et al., 2001, Sone et al., 2001, Swensen et al., 2002).
Finally, lung cancer diséase progression was not stratified ancording to sex which may affect the

outcome since men and women have slightly different survival rates.

6.5 Discussion

Under the assumpfions of the base-case scenario in this model it was determined that in a
high risk cohort of patients betWeen 45 and 74 years of age, annual 5 year screening for lung
cancer using sputum cytometry followed by CT scan appears to be cost-effective at
$54,923/QALY (base-case results). Sensitivity analyses conducted on various influential
parameters in the economic quél generated cost-utility ratios ranging from $34,338/QALY to
$100,845/QALY. Using }the U.S. c‘ut-off'of ,$50’000 US per life year gained (Goodwin, 1998) or
$65,340 CDN (based on exchange rate of 0.765061), results from the base-case scenario in this
model are within the accepted level of cost-effect_ivenéss. It is important to remember that this is
a 5 year annual screen and lifetime screening of elderly patients were certainly increase the costs
while gains in QALYs may be éxpected to plateau. |

Comparing these résults to other published cosf-effectiveness studies (described in
Chapter 4, Table 4.4) on screening for lung éancer, an ICER of $54,923/QALY is within an
acceptable range for such a programme. Un'fortuna.tely,.v it is difficult to make direct comparisons
across studies since the degree of variation in the model design is quite high. No other economic

evaluation focused on using sputum cytometry as a first step in screening a high risk cohort for
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lung cancer. Only one other study took into account quality of life and under most favourable
estimates had an ICER‘ of $42,5.(_)O/QALY (US$) fer CT sereening (Mahadevia et. al., 2003).
However, the study modeled annual screening for 20 yeers with a follow-up of 40 years which
would add Signiﬁcanﬂy io the baseline cost o‘f 'any' lung cancer screening programme. This time
frame for screening apnears excessive and somewhat nnre_alistic. and the authors ehow that both
costs and QALYs gained reach a stea(iy state after approximately 25 years. The fact that the
QALYs gained in this study are lese than those reported'by Mahadevia et al. can be partly
atti‘ibuted fo the age of the initiel screened cohort. It can be argued that a screening programme
beginning at age 60 woulci not captnre as many life years-as ene where screening began at age
50. |

Based on recommendatione from cervicallscreening programmes (BCCA, 2003), which
use similar cytological screening techniques, it seems highly unlikely that annual screening for
lung cancer using-sputum analysis would be_ advocated. Mahadevia et al. (2003) reported a
baseline cost-utility of $116,300/QALY, far above the $50,000/QALY cut-off and suggest that
annual CT screening is bnot ‘cost-effective.v Rather,b a screening programme that screens a high
risk cohort every 2‘ ‘io 3 yeafs seems mere plausible and the model constructed in this chapter is
currently being reanalyzed in order to assess the cost-utility of bi-annual screening intervals. All
other detaiied economic evaluations calculated cost per life year gained (Table 4.4) and cost-
effectiveness valiies‘ afe therefore expected to be underestimates since fewer life years would be
gained had quality of iife been considered. In addition, two studies discounted only costs and not
life years and so although Chirikos et. ali (2002) ealculated the ‘co'st-effectiveness of annual 5-
year CT screening io be $35,40i) per life year gained this again should be considered an
underestimate.

Quality of lifewa-s not considered in the Mar’sh_alll‘studied and assuming a lung cancer

prevalence of 2.7%, with the incorporation of a one year 1 year lead time bias, the cost per life
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year was repérted to be $62,828 per 1ier year. The high risk .'cohort was Betwéen the ages of 60-
74 yrs old. |

- Lling cancer is estimatéd to,accouht for approximately 20% Qf éll the cancer care costs in
the United States (Desch, 1996). This. rébresenfs 2% of all health care costs. In absolute dollars,
lung cancér cbst§ the Amerfcaﬁ health care system $8 billion annually, and the Cénadian health
care systém $328 million éhnually (Evans, 1995). Extrapblating results from other cost-
effectiveness studies fhé tbtal cost for énnual helical CT screening programme is very high.
There are an estimét_ed 50 mil.liqn‘ men and Womén in- t_hé United States classified as current or
former smokers bétween the ages of 45 énd. 75 yeafs old. If 50'% of this group received periodic
annual screening, the prograrnr_ne'coéts would be approximately I$1 15 billion dollars (Mahadevia
et al., 2003). Adding séréehihg with spu.tum cytometry for a 5 year period would increase this
amount by another $5.8 BilliOn.

Until the clinical effectiyen'ess of lung cancer scréening has been widely proven there is
little likelihood thaf.a pépulation bvasedv screening prograMe will be implemented. The most
widely accepted eﬁd poin’; 1n randbmized cancer scfeening trials in disease-specific mortality
(Black, 2002). If mortélity is 'the proper measure of effectiveness, sputum cytometry for lung
cancer will have to be clinically proven to contribute to a feduct_i_on in disease related death. On
the other hand, if stage distribution and long-tem.l' ‘surviyavl ére accurate measureé of
effectiveness, costing analyses such as this one suggest that screenihg for lung cancer is a worthy
pursuit.

In summary, this economic }mod’el .allows for a prel_iminary analysis of using sputum
cytometry to screen for lung cancer. The CT screening afm is a weakly dominated strategy and
should not be implementéd a_S'a screening program ‘When spufum + CT screening is available in
the health care setting. Estfmates of the édst per QALY for sputum séreening show it to be

slightly more cost-effective than no vscreeni_ng at all in a high risk cohort of current and former
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smokers. The results of the current ciiniéal trial (PMI,‘V.énCOuver_, B.C.) using sputum cytométry
are highly anticipated and will prdvide more accurate parafnefers for use in such modeling. It
can be concluded that using sputum cytometry in corhbiﬁation with CT scans in patients at high
risk for lung cancer holds promise as a cost-effectivé lung éancer screening strategy. Research in
this area will continue as sc_reening. angfithxﬁs and techniques improve resulting in a higher

proportion of early stage lung cancer detection. -
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APPENDIX A Calculatibn of Pack Yeérs in Smokers

Assuming 1 pack of cigarettes has 20 cigar_ettes‘in it.
Pack years equal the number of yéars ydu smoked times the number of packs per day.

For examplé:

Patient A: Smoked 2 packs a day for 20 years
Therefore Patient A has a 40 (2x20) pack year hlstory

Patient B: Smoked 3 packs a day for 10 years = 3x10 = 30

~and Smoked 2.5 packs a day for 20 years = 2.5x20 =50
Therefore Patlent B has an 80 (3 O+50) pack year hlstory
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