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Background: The aim of this study was to examine the patterns and costs of management of non-small
cell lung cancer (NSCLC) after completion of chemotherapy until death in a population of patients in
Manitoba, Canada.

Patients and methods: Stage 11IB and IV NSCLC patients diagnosed between January 1997 and June 2000
who received chemotherapy as the primary treatment, completed their chemotherapy and survived for at
least 28 days since their last treatment, and were on best supportive care (BSC) were selected. Treatment,

II_(S{I gzgﬁer services received, costs, and survival were determined by chart review and examining various databases
NSCLC including the Manitoba Cancer Registry, medical claims, hospitalizations, and prescription drugs. Costs

Costs of treatment, average cost per patient, and lifetime treatment costs were calculated.
Results: Of the 2463 patients diagnosed with NSCLC over the study period, 150 patients matched our
study criteria. From the beginning of the first chemotherapy treatment, the median survival time was
31.8 weeks, while from the date of BSC the median survival time was 13.8 weeks. The average cost per
case was $10,805 from last date of chemotherapy and $8654 during the BSC period. The average cost
per patient-month ranged from $1645 to $1792 in current prices. Lifetime treatment costs ranged from
$8702 to $11,057. Hospitalizations accounted for 80% of the total treatment costs.
Conclusion: The largest overall component of cost after the end of chemotherapy was hospitalizations.
Effective new therapies that reduce the episodes of hospitalizations would have a significant impact on
decreasing aggregate costs.

Crown Copyright © 2010 Published by Elsevier Ireland Ltd. All rights reserved.

Economic

1. Background

Worldwide, lung cancer is the most common cause of cancer
death (17.8% of alldeaths)[1] and the most common cancer in terms
of incidence (12.3% of all cases). Its incidence rate has increased by
20% since 1990 [2]. This disease can generally be classified into
two types based on histology: non-small cell lung cancer (NSCLC)
and small cell lung cancer (SCLC). The majority (85%) of new cases
are NSCLC [2,3]. NSCLC can be further subdivided into adenocar-
cinoma, squamous cell carcinoma, large cell carcinoma, and other
subtypes [3]. There are well-established guidelines that indicate
appropriate therapeutic options for NSCLC patients. Nevertheless,
the survival of NSCLC patients is poor, as most individuals have
regional or advanced disease at diagnosis; approximately 50-65%
are graded as Stage IIIB or Stage IV [4]. Recently published meta-
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analyses and large randomized trials have clearly indicated that a
combination of chemotherapy improves overall survival and qual-
ity of life in advanced NSCLC [5,6]. Studies that examined the use of
agents such as docetaxel and pemetrexed for second line therapy
have a survival advantage [7,8]. New targeted therapies, namely
epidermal growth factor receptor (EGFR)-tyrosine kinase inhibitors
such as erlotinib or getfitinib are also utilized for those patients who
have failed first or second line chemotherapy [9]. These agents have
minimal side effects with modest improvement in survival.

Currently, patients with advanced NSCLC have more options for
chemotherapy than ever before. However, more treatment options
come at a cost of increasing the burden on the healthcare system. It
is consequently important to understand the patterns of treatment
of advanced NSCLC, outcomes of treatment, and its cost in a non-
clinical trial setting in order to successfully select patients for newer
therapies and to effectively introduce these newer options in the
treatment plan.

Most cost analysis studies on NSCLC are based on random-
ized clinical trials of various chemotherapeutic drugs and therefore
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may not accurately reflect the costs associated with a similar
chemotherapy treatment in a non-clinical trial setting [10]. Addi-
tional costs associated with chemotherapy administration such
as those associated with infrastructure, nursing, radiation treat-
ment, hospital admissions, as well as non-contingent costs such
as those associated with emergency visits and other health care
services are also very important to be included in the analysis. Pre-
viously published studies neither included this level of information
nor investigated the costs for the period following completion of
chemotherapy until death.

This historical cohort study examines the services received
by patients with advanced NSCLC from the time they completed
chemotherapy until death and provides population-based esti-
mates of costs related to these services. This information is
beneficial for improving patient management and appropriately
allocating resources.

2. Patients and methods
2.1. Patient selection

Information on residents of the Province of Manitoba diagnosed
with trachea, bronchus, and lung cancer (ICD-9 162) between Jan-
uary 1997 and June 2000 were abstracted from the Manitoba Cancer
Registry. NSCLC cases diagnosed with Stage IIIB (with pleural effu-
sions or supraclavicular involvement) or Stage IV tumors were
selected for the study. Additional, selection criteria included treat-
ment with chemotherapy and having survived at least 28 days after
the end of their chemotherapy. These patients were considered to
be on best supportive care (BSC) period.

2.2. Patient outcome analysis

Survival was calculated from diagnosis to either death, emigra-
tion (derived from the Manitoba Health Population Registry) or end
of the study (March 31, 2002). Survival was calculated using the
Kaplan-Meier method. Data management and analyses were done
using SAS v8.2.

2.3. Determination of costs

Direct cost information and service utilization information were
extracted from the Manitoba Cancer Registry, OpTx (electronic)
chart review, Manitoba Health Population Registry, the Physician
Claims database, the Hospital Discharge database, and the Drug
Program Information Network (DPIN) database. For the Hospi-
tal Discharge database, costs were estimated by multiplying the
resource utilization rates by their corresponding unit costs. Direct
costs were available from the Physician Claims database and the
DPIN database.

For radiotherapy, a cost model was developed dividing a course
of radiotherapy into the initial visit ($102.66), the simulation
($123.30), the treatment planning ($67.50), the treatment visit(s)
(initial visit — $25.31, subsequent visit — $29.98), and the follow-
up visits ($33.03). Costs for each patient were calculated with each
of these phases of a radiotherapy session. Not all patients incurred
each of these costs. These radiotherapy cost estimates exclude costs
associated with quality assurance, capital charges, maintenance of
buildings and equipment, and costs of management staff. It should
be noted that while the period of the study extends from 1997 to
2001, 2002 costs were utilized in this study since there were no
other comparable estimates of cost for radiotherapy. The mean
radiotherapy treatment cost for all cases was determined to be
$385.80 (range $190.98-$823.94).

Table 1
Alternative estimates of treatment costs.?.

Low estimateP High estimate

From date of last chemotherapy cl c:
From date of BSC® 2 c4

2 G is the cost of treatment for the ith person in the jth month.

b Low estimate does not include additional costs. High estimate includes addi-
tional costs.

¢ Start date of BSC is 4 weeks from the last date of chemotherapy.

2.4. Cost analysis

The cost of services was calculated for each month of survival
until death or end of follow-up (complete information for treat-
ment was not available for 4 patients). The cost was calculated from
the commencement of BSC period as well as from the last day of
chemotherapy. For each of these two time periods two estimates
were determined. A low estimate was determined using cost infor-
mation from various data and the high estimate was obtained by
adding the costs of additional treatment gathered through a chart
review. Hence, there are four estimates of treatment cost (Table 1).

The mean cost of treatment was calculated per month by sum-
ming all costs for the ith patient in the jth month and dividing it
by the number of patient-months of follow-up observed in the
jth month. Lifetime treatment costs were determined by apply-
ing monthly survival probabilities from the Kaplan-Meier survival
analysis to the mean cost per patient in each month. This lifetime
treatment cost (LTC) estimate is in current prices and not adjusted
for inflation. A constant price estimate was determined by convert-
ing the costs in each month using the Canadian Consumer Price
Index (CPI) for 1998: the same year from which the costs for the
hospitalizations were derived. A mid-year CPI was employed and
items were not seasonally adjusted. A discounted estimate was also
calculated using a 5% per annum discount rate. Altogether, a total
of 12 different series of monthly costs were calculated. Costs were
evaluated from the viewpoint of Canada’s public health system. All
monetary values are expressed as Canadian currency.

3. Results

There were 3091 new cases of lung cancer in Manitoba over the
study period. Of these, 79.7% were NSCLC, 11.8% were SCLC, and
8.4% were non-specified (Table 2). Of the total 2463 NSCLC cases
(58% were males and 42% were females) and only 16.8% of all 2463
cases, which were of all stages, received chemotherapy.

For the period of the study, we identified 150 NSCLC cases
(6% of all patients with NSCLC) that met our inclusion crite-
ria and considered to be on BSC period. Of these 150 patients,
56% were male and 44% were female. Twenty-two percent of
patients had Stage IIIb NSCLC while the majority (78%) had Stage
IV NSCLC (Table 2). With respect to the age of the study popu-

Table 2

Morphology of lung cancer by sex, Manitoba 1997-June 2000.
Type Males Females Total

N % N % N %

NSCLC 1431 80.3 1032 78.8 2463 79.7
SCLC 195 10.9 171 13.1 366 11.8
Other 155 8.7 106 8.1 261 8.4
Metastatic NSCLC? 84 56.0° 66 440> 150 100
Stage IlIb 17 20.2 16 24.2 33 22.0
Stage IV 67 79.8 50 75.8 117 78.0

@ Metastatic NSCLC: These are patients with Stage IlIb or Stage IV NSCLC who had
chemotherapy and were in BSC period. These are eligible study patients.
b Percentage of total number (N =150) of eligible study patients.
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Table 3
Survival of NSCLC patients (N=150).
Time Median (weeks) 95% CI2 Survived 1 year (%) Survived 2 years (%)
From date of diagnosis 40.6 35.4-45.7 30.7 11.7
From first date of chemotherapy 31.8 28.7-37.7 26.7 8.9
From date of BSC 13.8 10.9-16.3 16.8 5.8

2 CI: confidence interval.

Table 4

Summary of services provided to BSC NSCLC from last date of chemotherapy.
Service Number Number/person Number/100

person weeks

Medical claims 4353 29.8 1123
Prescription drug use 3050 20.9 78.7
Tests 729 5.0 18.8
Hospitalizations 271 1.9 7.0
Drugs? 259 1.8 6.7
Procedures 144 1.0 3.7
Physician visits 135 0.9 3.5
Radiotherapy 113 0.8 2.9
Emergency visits 65 0.5 1.7
Outpatients 35 0.3 0.9
Total 9154 62.7 236.2

2 These are drugs for which prescriptions were not filled but were provided as
in-patients.

lation, 47.6% of males and 34.9% females were over 65 years of
age.
All the cases selected for the study had first line chemotherapy
and 16 (10.7%) also received second line treatment. One hundred
and forty cases died before the end of follow-up and two emigrated
out of the province. The median survival time was 40.6 weeks from
the date of diagnosis (Table 3). The proportion of patients who sur-
vived one and two years were 31% and 12%, respectively. From BSC
date, the median survival time was 13.8 weeks.

A summary of services utilized by NSCLC patients from the date
of last chemotherapy is listed in Table 4. Claims for fees for services
provided by physicians and nurse practitioners (medical claims)
ranked as the highest service utilized, which was followed by pre-
scription drug use. On average 29.8 medical claims were made per
case (29.4 claims for males 30.3 claims for females). Among males,
those aged 65 years or older had the most claims (34.0 claims),
while among females, the most claims were observed in the age
group between 55 and 64 years (36.0 claims). Most of these claims

(64.7%) were related to people’s cancers and 6.7% were for ill-
defined causes. Each person on average had 29.8 medical claims
or 1.12 medical claims per person week or 112.3 medical claims
per 100 person weeks (Table 4). Expressing the next three high-
est services utilized in a similar manner (Table 4), there were 0.787
prescriptions per person week, 0.18 tests per person week, and 0.07
hospitalizations per person week. The frequency of the utilization
of these medical services is perhaps better represented as 1 medical
claim per 0.89 person weeks, 1 prescription per 1.3 person weeks,
1 test per 5.5 person weeks, and 1 hospitalization per 14.3 person
weeks of follow-up.

The NSCLC cases bought a total of 3050 prescriptions for an
average of 20.9 per patients (Table 4). The average number of
filled prescriptions was similar for males and females. The major-
ity (41.7%) were filled for central nervous system drugs, most
frequently for morphine and codeine. This was followed by pre-
scriptions for hormones and substitutes (11.7%) and cardiovascular
drugs (11.5%). The third most frequently prescribed drug was dex-
amethasone (4.6%).

The patient cohort had a total of 271 hospitalizations,
1.9 hospitalizations per person (Table 4). There were 21.2
hospital-days/male and 25.2 hospital-days/female (total of 23.0
hospital-days/person). These hospitalizations were more fre-
quently related to the cancer (55.4%) or convalescence and
palliative care (10.7%).

Forty-six percent of the 150 patients had at least one procedure
performed. Transfusion of packed cells was performed on 10.3% of
these patients. The most common test performed was a CAT scan
of the head in 11.5% of patients. This information was captured
through chart review.

Hospitalization episodes accounted for approximately 80% of
the total costs related to the study cases (Table 5). They were fol-
lowed by the costs for physician visits. The total cost from the last
date of chemotherapy was $1,577,520 while the total cost dur-
ing the BSC period was $1,263,493. The difference between these

Table 5

Costs used in analysis (N=146).
Service Total cost ($Cdn) (% of total cost)?

From date of last chemotherapy During BSC period

Physician visits® 147,925 (9.4%) 118,864(9.4%)
Drugs® (prescriptions filled) 113,459(7.2%) 92,722 (7.3%)
Hospitalizations (episodes) 1,272,904 (80.4%) 1,015,532(80.4%)
Radiotherapy (treatments) 43,231(2.7%) 36,376 (2.9%)
Additional costs? 43,170 (2.7%)° 30,064 (2.3%)°
Total cost excluding additional costs 1,577,520 1,263,493
Average cost per patient-month of follow-up’ 1,745 1,645
Average cost per case 10,805 8,654
Total costs including additional costs 1,620,690 1,293,557
Average cost per patient-month of follow-up# 1,792 1,685
Average cost per case® 11,100 8,860

2 Percent determined as percentage of total costs not including additional costs.
b Only physician visits with a non-zero cost are included in the count of visits.
¢ Only prescriptions with a non-zero cost are included in the count of prescriptions dispensed. This accounts for the primary difference between this category

on this Table versus other Tables containing this category.

d Additional costs include: physician services, procedures, laboratory tests, outpatient visits, and emergency visits not included in database but included

from chart review.

¢ Percent determined as a percentage of total costs including additional costs.
f Total cost in undiscounted current prices. Total number of months of follow-up: from date of last chemotherapy — 904.2; from BSC date — 767.9.

¢ Using estimates of total costs including additional costs in calculation.
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Fig. 1. Average cost per patient-month by month of follow-up from date of last chemotherapy, current prices (undiscounted).

two values ($314,027) is explained by the 28 additional days of
follow-up when the last date of chemotherapy is used. When the
services captured through the chart review (such as physician ser-
vices, procedures, laboratory tests, drugs, outpatient visits, and
emergency visits) are added, the total cost increased by 2.3-2.7%
($1,577,520-$1,620,690 and $1,263,493-$1,293,557).

The average cost per patient was $10,805, and average cost
per patient-month was $1745 from the date of last chemotherapy.
The average cost per patient was $8654 and the average cost per
patient-month was $1654 during the BSC period (Table 5). Fig. 1
shows the monthly average costs per patients for the follow-up
period. There was a significant decline in the cost with longer time
of follow-up.

These additional costs are also used in calculations of “low” and
“high” estimates of cost per patient-month in terms of current and
constant prices. Four estimates are calculated for each cost statistic
and these are presented in Table 6. Table 6 represents cost esti-
mates in terms of current costs as there was little difference in
the conversion of these costs using undiscounted current prices,
constant (1998) prices undiscounted or constant (1998) prices dis-
counted. For example, the low estimate of cost per patient-month
from the date of last chemotherapy estimated using current prices
(undiscounted) was $1745. Using constant (1998) prices undis-
counted, the cost becomes $1700. Lastly, using constant prices
(1998) prices discounted, the cost is estimated to be $1698. The
difference between these estimates is marginal.

Lifetime treatment cost estimates were obtained by applying
values determined using survival analysis methods to the aver-
age costs per patient-month (Table 6). Conversion of lifetime costs
to discounted prices had a small effect. However, there was a

Table 6
Estimates of treatment costs.
From date of last During BSC
chemotherapy period
Low estimates of cost per patient-month
Current prices, undiscounted $1,745 $1645
High estimates of cost per patient-month®
Current prices, undiscounted $1,792 $1684
Low estimates of lifetime treatment costs
Current prices, undiscounted $10,770 $8702
High estimates of lifetime treatment costs®
Current prices, undiscounted $11,057 $8902

19% decrease in the lifetime treatment cost using current prices
when calculated from the date of BSC compared to the date of last
chemotherapy.

4. Discussion

This study defines the outcomes, treatment, and associated costs
of Stage IlIb and IV NSCLC patients who completed chemotherapy,
survived at least 28 days after receiving their last chemotherapy
treatment, and did not receive any chemotherapy while on BSC. In
contrast to other studies, this population-based investigation item-
izes the services that accrue and are utilized after chemotherapy is
completed until death and their associated costs.

Of the 2463 NSCLC cases diagnosed in the study period, at least
50% will have had advanced disease. A proportion of these patients
who had good performance status and were able to tolerate com-
bination chemotherapy may have benefited from chemotherapy as
the primary treatment modality. However, only 6% (150) of these
patients received chemotherapy, which appears to be lower than
expected. Chemotherapy for treatment of NSCLC was introduced
in 1995 after a meta-analysis demonstrated a 5% survival bene-
fit at one year [11]. Our study period started two years after this
publication, and hence, the new practice may not have been fully
implemented in the early part of the study. This may partly explain
the small number of patients that received chemotherapy in our
population.

The median survival time of our patients was 40.6 weeks from
the date of diagnosis and 13.8 weeks from BSC date. The one- and
two-year survivals were 31% and 12%, respectively. Direct compar-
ison with other published studies is hazardous as most of them
have strict patient inclusion criteria (randomized controlled tri-
als) or unique treatment regimens [12-14]. However, with this in
mind, Schiller et al. showed that NSCLC patients on platinum-based
chemotherapies had a median survival time of 36 weeks [14]. If we
consider the date of randomization to be equivalent to the first date
of chemotherapy, our median survival of 32 weeks was comparable
to that of Schiller et al.

The majority of services that were utilized by the patients are
physician visits (medical claims) and prescriptions. As all the medi-
cal claims from the time of last chemotherapy were included, some
of them may not be related to lung cancer. Morphine and codeine
were the most prescribed drugs. Pain and shortness of breath are
symptoms experienced by the majority of late-stage lung cancer
patients, which certainly contributed to the high use of narcotics.
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However, not all of the prescriptions were related to lung cancer.
For example, 11.5% of the 3050 prescriptions were for cardiovas-
cular drugs. This may reflect the fact that lung cancer patients are
generally elderly and smokers with associated co-morbidities.

Most importantly, while there were only 1.9 hospitalizations
per person, they accounted for 80% of the health care costs from
the time of completion of chemotherapy until death. This suggests
that therapeutic measures decreasing the number or length of hos-
pitalization could decrease costs of treating NSCLC patients. Adding
the costs of the services abstracted for the chart review increased
the total costs by only 2.3-2.7%. This indicates that comprehen-
sive administrative databases are available and can be effectively
used for this kind of investigation, at least in Manitoba. In this
study, the services and the costs were calculated from the last day
of chemotherapy and during the BSC period. Approximately 30%
of the health services used were within 28 days of the last date
of chemotherapy. This is likely contributed by the chemotherapy
follow-up visits and services for the management of chemother-
apy complications. This was translated to a 19% difference (less) in
the lifetime cost if we calculate the cost only for BSC period.

Ramsey et al. reported that expenditures for all services
were increased for individuals receiving second- and third-line
chemotherapy [13]. We can consequently expect greater costs in
the future for treating NCSLC patients as more expensive anti-
cancer drugs are marketed. However, one could argue that if these
agents improve the quality of life and reduce hospital admissions,
the total cost of care may diminish.

It is difficult to compare the results of this study with other pub-
lished studies as none included patients that survived 28 days after
their chemotherapy and followed them up until death. Many stud-
ies describe the costs of treatment of NSCLC as part of clinical trials
and mainly focus on the cost of active treatment or studies evaluate
costs of two arms of a randomized clinical trial, for example, BSC
versus specific treatment in clinical trial [15,16]. However, Evans
et al. used population-based modeling to determine that the total
care cost for Stage IV cases was $16,501 (1988 Canadian dollars)
[17]. Approximately 60% of the cost they reported was related to
terminal care of the patients. The conversion of these figures, using
the Canadian Consumer Price Index (CPI) results in a cost of $21,196
for Stage IV patients. Altogether, these values are higher than the
lifetime treatment costs of $8702-$11,057 estimated in the present
study. This may be explained by the differences in the methodol-
ogy used. Our results are likely to be more accurate since the cost
analysis is based on itemization of all the services patient received.
Our study was carried out prior to the introduction of targeted ther-
apy as second or third line option for advanced NSCLC and thus the
study is not a reflection of the current practice which may be a lim-
itation of the study. However, as we are interested in a similar cost
analysis on patients treated with erlotinib, a targeted therapy, the
current study will be used as a historical control to analyze the cost
effectiveness of these agents in a population setting.

Comparison of our results with European and other interna-
tional studies on NSCLC (non-Canadian studies) is again not quite
valid due to differences in healthcare funding, different lung can-
cer treatment guidelines, and overall study design [18]. However,
some recent studies and their findings deserve mention. In a study
by Pompen et al. [19] direct costs associated with the management
of patients with advanced NSCLC in The Netherlands were esti-
mated. Similar to our study, this study conducted a retrospective
chartreview collecting data on treatment and costs from the date of
diagnosis to the time of death. The average total cost was €31,187
and hospitalization was the major contributor to costs. Forty-four
to 55% of the total cost was due to hospitalizations compared to
80% in our study. The second major constituent of cost in this study
was chemotherapy. In another study from France [20], direct costs
for treatment of patients with lung cancer were analyzed from first

recurrence to death. Data was limited to 71 NSCLC patients where
the average cost per patient was €13,969 with the highest con-
tributor being terminal care costs (51%) and second highest being
chemotherapy (30%). This study from France did not further itemize
terminal care costs, however, hospitalizations can be considered to
be a major contributor as all 71 NSCLC patients were in the hos-
pital with an average of two admissions per patient. Lastly, in a
recent study from Switzerland [21], patterns and costs of lung can-
cer treatment and management were examined in a sample of 85
NSCLC patients. The total cost for each NSCLC patient was reported
as €19,692 with hospitalizations being the major contributor (71%
of cost). Chemotherapy was the second largest contributor of cost.
Therefore, while costs as determined in our study are not directly
comparable to those in the above European studies, a very com-
mon finding in these types of cost analysis in centers in Canada and
Europe is that hospital admissions are a major factor in the total
cost.

While the costs associated with the treatment of individual BSC
lung cancer patients may not be substantial, the disease has a high
incidence and therefore, its impact on the health care system is
large. These figures will also change as more costly treatments
become available. This study also clearly identifies a role for the
development of new therapies that increase survival while decreas-
ing episodes of hospitalizations, which is the main constituent of
the total cost.
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