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stage ii or iii than with stage i disease (ors: 3.0, 2.7 
respectively; p < 0.001); use also varied with geo-
graphic location (range: 46%–63%).

Conclusions

The initial decision to refer to medical oncology is 
associated with age and stage of disease, and those 
factors have an even greater effect on the decision 
to offer act. Comorbidity and postoperative length 
of stay were not associated with initial referral, but 
were associated with use of act in patients seen by 
medical oncology.
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1. INTRODUCTION

Lung cancer remains the leading cause of cancer 
mortality in both men and women, being responsible 
for approximately 100,000 deaths annually in North 
America 1. Despite advances in surgical technique, 
5-year survival rates for stages i and ii non-small-
cell lung cancer (nsclc) are only 60%–70% and 
35%–40% respectively 2. Since the year 2000, several 
clinical trials and a subsequent meta-analysis have 
demonstrated that cisplatin-based adjuvant chemo-
therapy (act) improves survival in patients with 
resected early-stage nsclc 3–8.

In our previous study of the uptake of act during 
2001–2006 in the Canadian province of Ontario, we 
found that toxicity and survival in a general popula-
tion are what might be expected based on the results 
of the pivotal clinical trials 9. In that previous work, 
we found that 22% of all incident cases underwent 
surgical resection and that 31% of surgical cases were 
treated with act 9. Those rates of surgical resection 
and act suggest that act may be underutilized in 
patients with early-stage nsclc. Underutilization 
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Background

Adjuvant chemotherapy (act) for non-small-cell lung 
cancer (nsclc) is associated with improved survival 
in the general population, but may be underutilized. 
We explored the factors associated with referral to 
medical oncology and subsequent use of act among 
all patients with resected nsclc in Ontario, Canada.

Methods

The Ontario Cancer Registry was used to identify all 
incident cases of nsclc diagnosed in Ontario during 
2004–2006. We linked electronic records of treat-
ment and of physician billing to identify surgery, act, 
and medical oncology consultation. A multivariate 
logistic regression model was used to evaluate fac-
tors associated with referral to medical oncology and 
subsequent use of act.

Results

Among 3354 cases of nsclc resected in Ontario dur-
ing 2004–2006, 1830 (55%) were seen postoperative-
ly by medical oncology, and 1032 (31%) were treated 
with act. Patients more than 70 years of age were less 
likely than younger patients to have a consultation 
[odds ratio (or): 0.4; p < 0.001]. A higher proportion 
of cases with stage ii or iii nsclc than with stage i 
disease were referred (ors: 2.7, 2.0 respectively; p < 
0.005). We observed substantial geographic variation 
in the proportion of surgical cases referred (range: 
32%–88%) that was not explained by differences in 
case mix. Among cases referred to medical oncol-
ogy, older patients (age 60–69 years, or: 0.4; age 70+ 
years, or: 0.1; p < 0.001) with greater comorbidity 
(Charlson comorbidity index: 3+; or: 0.5; p < 0.05) 
and a longer postoperative stay (median length of 
stay: 7+ days; or: 0.7; p = 0.001) were less likely to 
receive act. Use of act was greater in patients with 
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may relate to any combination of lack of referral 
from surgeon to medical oncology, oncologists not 
offering act, or patients declining act. Other reports 
have identified factors associated with utilization of 
surgery and chemotherapy for nsclc 10–20, but many 
of those studies are limited by selection and referral 
biases, and only a handful described cancer treat-
ment as a multi-step process that relies on upstream 
decisions made by referring physicians. Here, we 
explored factors associated with referral to medical 
oncology and the subsequent use of act among all 
patients with resected nsclc in Ontario, Canada.

2. METHODS

2.1 Study Design and Population

This report constitutes a sub-study of a larger 
population-based retrospective cohort study that 
compared management and outcomes of early-stage 
nsclc in the Canadian province of Ontario before 
and after 2004. Detailed methods and primary re-
sults were reported previously 9. Ontario has a popu-
lation of approximately 13.2 million people and a 
single-payer universal health insurance program 21. 
The primary study population for the present report 
included all incident patients with nsclc diagnosed 
in Ontario during 2004–2006 who underwent sur-
gical resection within 24 weeks of diagnosis. The 
study was approved by the Research Ethics Board 
of Queen’s University.

2.2 Data Sources

The Ontario Cancer Registry (ocr) is a passive, 
population-based cancer registry that captures di-
agnostic and demographic information for at least 
98% of all incident cases of cancer diagnosed in the 
province of Ontario 22,23. The ocr provided the fol-
lowing information:

• International Classification of Diseases (version 9) 
code

• International Classification of Diseases for On-
cology histology code

• Age
• Sex
• Place of residence

The ocr does not compile information about 
extent of disease or treatment. Community-based 
socioeconomic status (ses) at the time of diagnosis 
was linked to the ocr as previously described 24.

Records of hospitalization from the Canadian 
Institute for Health Information provided informa-
tion about surgical interventions and hospital care 25. 
Physician billing codes for chemotherapy from the 
Ontario Health Insurance Plan database were linked 
to the study database to identify the patients that 

received chemotherapy and their dates of treatment. 
The clinical databases of Ontario’s regional cancer 
centres and Princess Margaret Hospital provided 
detailed additional records of chemotherapy deliv-
ered, including specific treatment regimens and dose 
information for approximately half the patients, as 
previously described 9. Stage of disease at diagnosis 
is routinely captured only for patients seen at regional 
cancer centres.

2.3	Variable	Definitions

Comorbidity was classified using the Charlson co-
morbidity index modified for administrative data, 
based on all non-cancer diagnoses recorded on any 
hospital admission for the study patients within 5 
years before surgery 26,27.

Surgical resection was defined as pneumonec-
tomy, lobectomy, or segmentectomy. To minimize 
error attributable to the miscoding of surgical pro-
cedures, a minimum length of stay was set at 3 days. 
Patients who died within that period remained in the 
study population to account for early postoperative 
deaths. Patients were classified as having surgery for 
nsclc if they underwent surgery within 24 weeks of 
diagnosis. Patients receiving preoperative chemo-
therapy or radiotherapy (or both) were removed from 
the surgical population.

No single available administrative data source 
allows for the identification of medical oncologists in 
Ontario. Accordingly, as a proxy measure of medical 
oncologists, we identified 235 physicians who submit-
ted billing records for nsclc act during 2004–2006. 
Each surgical patient was considered to have been 
seen by a medical oncologist in the postoperative set-
ting if any of the identified physicians submitted visit 
billing codes for that patient within 16 weeks after 
surgery. Adjuvant chemotherapy was defined as any 
chemotherapy delivered within 16 weeks after surgery.

2.4 Statistical Analysis

The primary objective of the study was to describe 
the factors associated with use of act among patients 
with resected nsclc. To determine the extent to which 
referral practices influenced the odds of receiving 
act, we report factors associated with referral to 
medical oncology. Among patients seen by medical 
oncology, we report factors associated with the use of 
act. These distinct analyses evaluate the two funda-
mental steps required for a patient to be treated with 
act: an initial consultation with a medical oncologist, 
followed by a decision made between oncologist and 
patient about whether to proceed with act.

Factors associated with seeing a medical oncolo-
gist after surgery and receiving act were evaluated 
by univariate and multivariate logistic regression. 
Predictors were considered statistically significant 
at p < 0.05. All analyses were performed using the 
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SAS software application (version 9.1: SAS Institute, 
Cary, NC, U.S.A.).

3. RESULTS

During 2004–2006, 15,184 incident cases of nsclc 
were diagnosed in Ontario, and 3354 patients had 
surgery. Table i shows the characteristics of the 
study population and the treatment groups. Among 
surgical cases, most patients (77%) were 60 years 
of age or older and had adenocarcinoma (55%) or 
squamous histology (30%). Patients with nsclc were 
more likely to live in poorer neighborhoods (that is, 
ses quintiles 1 and 2) than in affluent communities 
(that is, ses quintiles 4 and 5).

As shown in Figure 1, 55% of surgical patients 
(1830 of 3354) were seen by a medical oncologist in 
the postoperative period, and 31% (1032 of 3354) were 
treated with act. Of patients not treated with act, 
65% (1502 of 2322) were not referred to a medical 

oncologist. Of cases treated with act, 2% (22 of 1032) 
were not seen by a medical oncologist as determined 
under our study rules.

Table ii shows results of the multivariate analy-
sis to evaluate factors associated with referral to 
medical oncology. Patients more than 70 years of 
age were less likely than younger patients to have 
a consultation [odds ratio (or): 0.4; p < 0.001]. A 
higher proportion of patients with stage ii or iii nsclc 
than with stage i disease were seen by oncologists 
(or: 2.7 and 2.0 respectively; p < 0.005). Patients 
who underwent pneumonectomy were more likely 
to be referred than were patients who underwent 
lobectomy (or: 1.4; p < 0.05). We observed sub-
stantial geographic variation in the proportion of 
surgical cases referred to medical oncology (range: 
32%–88%) that was not explained by differences in 
patient demographics or comorbidity.

Among referred cases, older patients (age 60–69 
years, or: 0.4; age 70+ years, or: 0.1; p < 0.001) with 

table i Characteristics of patients with non-small-cell lung 
cancer who were diagnosed in Ontario during 2004–2006 and 
who underwent surgical resection, with the proportions referred 
to medical oncology and treated with adjuvant chemotherapy (act)

Characteristic Case groupa [n (%)]

Surgical Referred 
to medical 
oncologyb

Treated 
with actc

Patient-related
Patients 3354 1830 1032
Sex

Male 1718 913 (53) 502 (55)
Female 1636 917 (56) 508 (55)

Age
20–49 Years 180 125 (69) 96 (77)
50–59 Years 601 407 (68) 290 (71)
60–69 Years 1078 628 (58) 388 (62)
70+ Years 1495 670 (45) 236 (35)

ses quintiled

1 717 361 (50) 201 (56)
2 783 437 (56) 269 (62)
3 718 391 (54) 203 (52)
4 603 329 (55) 172 (52)
5 529 309 (58) 163 (53)
Unavailable 4 — —

cci score
0 2460 1392 (57) 802 (58)
1–2 764 384 (50) 189 (49)
3+ 130 54 (42) 19 (35)

Disease-related
Histology

Adenocarcinoma 1830 1005 (55) 547 (54)
Squamous carcinoma 1018 531 (52) 293 (55)

Large-cell carcinoma 72 37 (51) 21 (57)
Mixed 102 64 (63) 36 (56)
Carcinoma nos 332 193 (58) 113 (59)

Pathologic stage
i 581 437 (75) 208 (48)
ii 281 250 (89) 180 (72)
iii 215 186 (87) 126 (68)
iv 128 105 (82) 45 (43)
Unknown 2149 852 (40) 451 (53)

System-related
Geographic region of 
Ontario

A 1386 763 (55) 412 (54)
B 502 160 (32) 101 (63)
C 291 173 (59) 108 (62)
D 335 203 (61) 93 (46)
E 73 64 (88) 32 (50)
F 106 81 (76) 37 (46)
G 207 120 (58) 76 (63)
H 452 264 (58) 151 (57)
Unavailable 2 — —

a  “Surgical” include patients who underwent surgical resection; 
“referral to medical oncology” includes surgical patients who 
were seen by a medical oncologist within 16 weeks after surgery; 
“treatment with act” includes surgical patients who started 
adjuvant chemotherapy within 16 weeks after surgery.

b  Percentages reflect the proportion of all surgical patients seen 
by medical oncology. Proportions may not add to 100% because 
of rounding.

c  Percentages reflect the proportion of all patients seen by medical 
oncology who were treated with act. Proportions may not add 
to 100% because of rounding.

d  ses quintile 1 represents patients from the poorest communities in 
Ontario. Proportions may not add to 100% because of rounding.

ses = socioeconomic status; cci = Charlson comorbidity index; 
nos = not otherwise specified.
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greater comorbidity (Charlson comorbidity index 
3+, or: 0.5; p < 0.05) and a longer postoperative stay 
(median length of stay 7+ days, or: 0.7; p = 0.001) 
were less likely to receive act. Use of act was greater 
in patients with stage ii or iii than with stage i disease 
(or: 3.0 and 2.7 respectively; p < 0.001). Patients who 
underwent pneumonectomy were more likely than 
patients who underwent lobectomy to receive act 
(or: 1.5; p < 0.05). Among patients seen by medical 
oncology, some geographic variation was evident in 
rates of act utilization (range: 46%–63%).

As shown in Table ii, there was a consistent as-
sociation of younger age, less comorbidity, extent of 
surgery, and earlier stage of disease for each of the 
two steps in the care pathway. Age and comorbidity 
had a greater association with use of act among pa-
tients seen by medical oncology and a lesser effect on 
referral patterns. Furthermore, postoperative length 
of stay was associated with use of act, but not with 
pattern of referral to medical oncology. Conversely, 
although there was substantial regional variation in 
referral patterns to medical oncology among all sur-
gical cases (range: 32%–88% referral rates), regional 
variation in the use of act was of a lesser magnitude 
among patients actually seen by medical oncology 
(range: 46%–63% use of act).

4. DISCUSSION

Clinical trials and evidence-based guidelines have 
demonstrated that curative-intent therapy for early-
stage nsclc includes surgical resection of the primary 
tumour and consideration of cisplatin-based act 4. 
Beyond the evidence and treatment guidelines, a mul-
titude of complex patient-, disease-, and system-related 
factors determine the care of patients with cancer.

In this large population-based study, we explored 
the factors associated with two steps in the care 

pathway after surgical resection: namely, referral to 
medical oncology and administration of act. Several 
important findings emerged. First, 22% of incident 
patients undergo surgical resection. After surgery, 
only 55% of those surgical patients see a medical 
oncologist and only 31% receive act. Those observa-
tions mean that, in Ontario, only 7% of all incident 
cases of nsclc received curative-intent surgery and 
adjuvant chemotherapy. Furthermore, among surgi-
cal patients not treated with act, 65% never saw a 
medical oncologist in consultation. Age, stage of 
disease, comorbidity, and extent of surgery are as-
sociated with each step of care, but age, comorbidity, 
and postoperative length of stay appear to have more 
influence over the decision at the medical oncology 
and patient levels to use act than over the decision by 
surgeons to refer to oncology. Finally, large regional 
differences in practice, evident at both steps in the 
care pathway, are not explained by differences in pa-
tient demographics or comorbidity. Our data suggest 
that the regional differences are driven to a greater 
extent by upstream differences in referral rates to 
medical oncology than by treatment decisions at the 
consultant–patient level. It is possible that the dis-
cordant referral patterns and treatment rates across 
geographic regions reflect the fact that physicians and 
centres may interpret the evidence and magnitude of 
benefit associated with act quite differently.

The literature exploring factors associated with 
referral to medical oncology and use of act among 
patients with resected nsclc is limited. A study by 
Winget et al. 28 that included 561 patients with stage ib 
and ii nsclc diagnosed in Alberta during 2004–2006 
found that advanced age and rural residence were in-
versely associated with the likelihood of attendance at 
a consultation with a medical oncologist. Among the 
226 patients who saw a medical oncologist, act was not 
recommended in 25% of cases, and it was refused by 

figure 1 Care pathway for all patients with non-small-cell lung cancer (nsclc) who were diagnosed in Ontario during 2004–2006 and 
who underwent surgical resection. act = adjuvant chemotherapy.
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table ii Factors associated with referral to medical oncology (mo) and with use of adjuvant chemotherapy (act) after mo referral in patients 
with non-small-cell lung cancer who were diagnosed in Ontario during 2004–2006 and who underwent surgical resection (n = 3354)

Factor Referred to mo Treated with act

Proportion 
referred 

after 
surgery 

(%)a

Multivariate analysis Proportion 
treated 
after 

referral 
(%)

Multivariate analysis

or 95% ci p Value or 95% ci p Value

Patient-related
Sex

Male 53 Ref 55 Ref
Female 56 1.1 1.0 to 1.3 0.175 55 0.9 0.8 to 1.2 0.518

Age
20–49 Years 69 Ref 77 Ref
50–59 Years 68 1.1 0.7 to 1.6 0.766 71 0.7 0.4 to 1.1 0.158
60–69 Years 58 0.7 0.5 to 1.0 0.078 62 0.4 0.3 to 0.7 <0.001
70+ Years 45 0.4 0.3 to 0.7 <0.001 35 0.1 0.1 to 0.2 <0.001

ses quintileb

1 50 Ref 56 Ref
2 56 1.3 1.0 to 1.6 0.034 62 1.4 1.0 to 1.9 0.045
3 54 1.2 0.9 to 1.5 0.139 52 0.8 0.6 to 1.1 0.114
4 55 1.2 1.0 to 1.6 0.085 52 0.8 0.6 to 1.1 0.171
5 58 1.3 1.0 to 1.7 0.069 53 0.8 0.6 to 1.1 0.173

cci score
0 57 Ref 58 Ref
1–2 50 0.9 0.7 to 1.1 0.260 49 0.9 0.7 to 1.2 0.557
3+ 42 0.7 0.5 to 1.0 0.077 35 0.5 0.2 to 0.9 0.015

Disease-related
Histology

Adenocarcinoma 55 Ref 54 Ref
Squamous carcinoma 52 1.0 0.8 to 1.2 0.937 55 1.1 0.9 to 1.4 0.483
Large-cell carcinoma 51 0.9 0.6 to 1.6 0.826 57 1.1 0.5 to 2.3 0.749
Mixed 63 1.3 0.8 to 2.1 0.253 56 1.1 0.6 to 1.9 0.796
Carcinoma nos 58 1.5 1.1 to 1.9 0.007 59 1.1 0.8 to 1.6 0.466

Pathologic stage
i 75 Ref 48 Ref
ii 89 2.7 1.8 to 4.2 <0.001 72 3.0 2.1 to 4.3 <0.001
iii 87 2.0 1.2 to 3.1 0.004 68 2.7 1.8 to 4.0 <0.001
iv 82 1.4 0.8 to 2.3 0.248 43 0.7 0.4 to 1.1 0.114
Unknown 40 0.2 0.2 to 0.2 <0.001 53 1.3 1.0 to 1.8 0.048

Treatment-related
Surgery

Lobectomy 54 Ref 54 Ref
Segmentectomy 51 0.9 0.7 to 1.0 0.091 49 0.8 0.6 to 1.0 0.050
Pneumonectomy 65 1.4 1.1 to 1.8 0.011 70 1.5 1.1 to 2.1 0.016

Median los following surgery
0–6 Days 55 Ref 61 Ref
7+ Days 54 1.1 0.9 to 1.2 0.528 49 0.7 0.6 to 0.9 0.001

System-related
Geographic region of Ontario

A 55 Ref 54 Ref
B 32 0.2 0.2 to 0.3 <0.001 63 1.2 0.8 to 1.8 0.386
C 59 0.5 0.4 to 0.7 <0.001 62 1.3 0.9 to 2.0 0.171
D 61 0.7 0.5 to 1.0 0.038 46 0.5 0.3 to 0.7 <0.001
E 88 2.4 1.1 to 5.0 0.024 50 0.9 0.5 to 1.6 0.759
F 76 1.1 0.6 to 1.8 0.773 46 0.7 0.4 to 1.3 0.266
G 58 0.8 0.6 to 1.1 0.208 63 1.2 0.8 to 1.8 0.473
H 58 0.7 0.6 to 0.9 0.014 57 1.1 0.8 to 1.5 0.748

a Seen by a medical oncologist within 16 weeks after surgery.
b ses quintile 1 represents patients from the poorest communities in Ontario.
or = odds ratio; ci = confidence interval; Ref = reference group; ses = socioeconomic status; cci = Charlson comorbidity index; nos = not 
otherwise specified; los = length of stay.
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patients in 13% of cases 15. Kassam et al. 29 described 
patterns of referral and use of act at the University 
Health Network or Princess Margaret Hospital in 
Toronto during 2003–2005. Among the 204 patients 
with resected early-stage nsclc, referral to oncology 
increased to 63% in 2004–2005 after presentation of 
the jbr.10 and Cancer and Leukemia Group B results 
at the 2004 annual meeting of the American Society 
of Clinical Oncology. Among patients seen by medi-
cal oncology after presentation of those results, 54% 
were treated with act—a proportion that is remark-
ably similar to the result of 55% in the present study. 
A third Canadian study led by Younis 30 reported 
referral rates and use of act among patients with re-
sected nsclc in Nova Scotia during 2005. Of the 108 
patients with resected early-stage disease, 44% were 
referred to medical oncology (73% of patients with 
stage ii or iii disease), and act was delivered to 62% 
of those referred (73% of patients with stage ii or iii 
disease. Consistent with the results from Winget et 
al. and from the present study, age, stage, and centre 
or regional variation were found to have an effect on 
referral patterns and treatment practices. Data from 
a single-centre report in Paris are consistent with the 
Canadian studies: among 219 patients with resected 
nsclc in 2004–2005, act was delivered to 40% 31. 
Age, stage, and comorbidity were found to influence 
patterns of treatment.

Consistent across the present and the foregoing 
studies is the observation that older age is associated 
with lower rates of referral to medical oncology and 
lower rates of act use. Although part of the differential 
might relate to greater comorbidity and patient pref-
erence, it is also possible that surgeons and medical 
oncologists might believe the survival benefit to be 
less and the toxicities greater in elderly patients treated 
with act. However, recent data from clinical trials and 
population-based studies suggest that act for nsclc is 
well tolerated and associated with a survival benefit 
in elderly patients 32–34. However, patients who meet 
the eligibility criteria for clinical trials might not be 
representative of the overall lung cancer population.

Our study is the largest reported to date to evaluate 
factors influencing referral to medical oncology and 
use of act in a contemporary population, but several 
methodologic limitations merit comment. Although 
the data sources used describe the general aspects 
of disease, treatment, and outcome for all patients in 
Ontario, detailed information related to chemotherapy 
administration, treatment toxicity, performance status, 
and stage of disease is not available for all patients. 
That lack of detail limits our ability to evaluate the 
appropriateness of case selection for act. Furthermore, 
our data do not allow us to understand which patients 
may have refused referral or act after referral, and why 
those patients elected not to pursue aggressive cancer 
care despite the potential for an increased cure rate. 
Furthermore, because medical oncologists are not ex-
plicitly identified in the current health administrative 

databases used in our study, we had to use surrogate 
measures to identify those physicians, which might 
have led to some misclassification error. However, the 
data suggest that our approach has good face validity, 
because 98% of cases receiving act were classified as 
having seen medical oncology.

The lack of information about pathologic stage 
makes it difficult to understand the degree to which 
low referral rates and underutilization of act is a 
problem in Ontario. The published literature contains 
very few population-based studies that describe stage 
distribution among unselected patients with nsclc 
who undergo surgical resection. In one of the only 
such studies, Strand et al. 35 used a population-based 
national cancer registry to describe stage distribu-
tion for 2411 nsclc patients who underwent surgical 
resection in Norway during 1993–1999. Stage ib, 
ii, and iiia disease was identified in 38%, 25%, and 
6% of patients respectively. Extending those esti-
mates to the Ontario nsclc surgical population in 
2004–2006 would yield approximately 2314 patients 
with stage ib, ii, or iiia disease, all of whom would po-
tentially be considered eligible for act. Yet our study 
demonstrates that only 1830 patients were referred 
to medical oncology and only 1032 received act, 
suggesting that a substantial proportion of patients 
potentially eligible for act based on stage were not 
being referred or treated. Although it is likely that 
the distribution of disease stage among resected 
patients in Norway during 1993–1999 is different 
from the distribution in Ontario during 2004–2006, 
the projected figures provide a starting point for 
estimating the unknown denominator of potential 
act-eligible cases in the province. Stage of disease 
is now routinely captured in Ontario for all cases of 
nsclc (https://www.cancercare.on.ca/cms/One.aspx?
portalId=1377&pageId=48174). Accordingly, future 
work will be able to identify the number of stage ib, 
ii, and iiia cases more accurately in Ontario and will 
generate benchmark estimated utilization figures for 
the province.

Not all patients who undergo potentially curative 
surgical resection will be eligible for act. No survival 
benefit has been demonstrated for small stage i can-
cers 6, and so it may be totally appropriate for sur-
geons to make a decision not to refer that subgroup of 
patients. Similarly, given that nsclc is a disease of the 
elderly, not all patients might be able to tolerate act 
because of greater comorbidity. However, it is worth 
noting that pooled data from clinical trials 34 and a 
population-based study 32 have both demonstrated 
improved outcomes in elderly patients treated with 
act. In the present population-based study, age and 
comorbidity index both had a significant influence 
on referral and treatment patterns. But what cannot 
be gleaned from our study is whether the decision 
not to refer to oncology and not to offer act to the 
entire eligible elderly population or to those with co-
morbidities was indeed the correct one. Only a more 

https://www.cancercare.on.ca/cms/One.aspx?portalId=1377&pageId=48174
https://www.cancercare.on.ca/cms/One.aspx?portalId=1377&pageId=48174
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intensive chart review would be able to determine 
whether patients who are fit enough for treatment are 
truly being denied act by lack of referral. Similarly, 
our population-based study could not identify the 
subset of patients who were offered referral and act, 
but who declined treatment.

In addition to its very large sample size and 
resulting statistical power, a major strength of the 
current study is the fact that, by virtue of the ocr, our 
study population included all cases of nsclc within 
Ontario. Being unselected, it therefore represents 
the largest such study of act for nsclc in the con-
temporary era. By including the entire population 
of interest, it is possible to minimize the referral and 
selection biases that plague traditional institution-
based observational studies 36.

5. CONCLUSIONS

We observed important differences in the rates of 
referral to medical oncology and use of act across 
age groups and across regions of Ontario that are not 
explained by differences in patient characteristics. 
Among all surgical cases, a substantial proportion 
are not being referred to medical oncology and are 
therefore not being given full consideration for act. 
Differences across geographic regions appear to be 
greatest upstream, at the decision about whether to 
refer to medical oncology. Further work is necessary 
to understand referral patterns and treatment rates in a 
more current era and to better understand how patient 
preference and physician recommendation influence 
those differences in care. Strategies to mitigate poten-
tially modifiable differences in care and their impact 
on outcomes at the population level are needed.

6. ACKNOWLEDGEMENTS

The present work was supported by an operating grant 
from the Canadian Institutes of Health Research. 
Parts of this report are based on data and information 
provided by Cancer Care Ontario. However, the analy-
sis, conclusions, opinions, and statements expressed 
herein are those of the authors and not necessarily 
those of Cancer Care Ontario.

7. CONFLICT OF INTEREST DISCLOSURES

CMB is supported as a Cancer Care Ontario Re-
search Chair in Health Services. FAS holds the Scott 
Taylor Chair in Lung Cancer Research at Princess 
Margaret Hospital. GD holds the Kress Family Chair 
in Esophageal Cancer at the Princess Margaret and 
Toronto General hospitals. The present study was 
supported by the Institute for Clinical Evaluative 
Sciences, which is funded by an annual grant from 
the Ontario Ministry of Health and Long-Term Care. 
The opinions, results, and conclusions reported here 
are those of the authors and are independent from the 

funding sources. No endorsement by Institute for 
Clinical Evaluative Sciences or the Ontario Ministry 
of Health and Long-Term Care is intended or should 
be inferred.

8. REFERENCES

 1. World Health Organization, International Agency for Research 
on Cancer (iarc). globocan 2008 [Web resource]. Lyon, 
France: iarc; 2010. [Available at: http://globocan.iarc.fr/; cited 
November 30, 212]

 2. Mountain CF. Revisions in the International System for Sta-
ging Lung Cancer. Chest 1997;111:1710–17.

 3. Arriagada R, Bergman B, Dunant A, et al. Cisplatin-based 
adjuvant chemotherapy in patients with completely resected 
non-small-cell lung cancer. N Engl J Med 2004;350:351–60.

 4. Booth CM, Shepherd FA. Adjuvant chemotherapy for resected 
non-small cell lung cancer. J Thorac Oncol 2006;1:180–7.

 5. Douillard JY, Rosell R, De Lena M, et al. Adjuvant vinorelbine 
plus cisplatin versus observation in patients with completely 
resected stage ib–iiia non-small-cell lung cancer (Adjuvant 
Navelbine International Trialist Association [anita]): a ran-
domised controlled trial. Lancet Oncol 2006;7:719–27.

 6. Pignon JP, Tribodet H, Scagliotti GV, et al. on behalf of the 
lace Collaborative Group. Lung adjuvant cisplatin evaluation: 
a pooled analysis by the lace Collaborative Group. J Clin 
Oncol 2008;26:3552–9.

 7. Scagliotti GV, Fossati R, Torri V, et al. on behalf of the 
Adjuvant Lung Project Italy/European Organisation for Re-
search Treatment of Cancer–Lung Cancer Cooperative Group 
Investigators. Randomized study of adjuvant chemotherapy 
for completely resected stage i, ii, or iiia non-small-cell lung 
cancer. J Natl Cancer Inst 2003;95:1453–61.

 8. Winton T, Livingston R, Johnson D, et al. on behalf of the 
National Cancer Institute of Canada Clinical Trials Group 
and the National Cancer Institute of the United States Inter-
group jbr.10 Trial Investigators. Vinorelbine plus cisplatin vs. 
observation in resected non-small-cell lung cancer. N Engl J 
Med 2005;352:2589–97.

 9. Booth CM, Shepherd FA, Peng Y, et al. Adoption of adjuvant 
chemotherapy for non-small-cell lung cancer: a population-
based outcomes study. J Clin Oncol 2010;28:3472–8.

 10. Cykert S, Dilworth–Anderson P, Monroe MH, et al. Fac-
tors associated with decisions to undergo surgery among 
patients with newly diagnosed early-stage lung cancer. JAMA 
2010;303:2368–76.

 11. Bach PB, Cramer LD, Warren JL, Begg CB. Racial differ-
ences in the treatment of early-stage lung cancer. N Engl J 
Med 1999;341:1198–205.

 12. Greenberg ER, Chute CG, Stukel T, et al. Social and economic 
factors in the choice of lung cancer treatment. A population-
based study in two rural states. N Engl J Med 1988;318:612–17.

 13. Lathan CS, Neville BA, Earle CC. The effect of race on inva-
sive staging and surgery in non-small-cell lung cancer. J Clin 
Oncol 2006;24:413–18.

 14. de Rijke JM, Schouten LJ, ten Velde GP, et al. Influence of 
age, comorbidity and performance status on the choice of 
treatment for patients with non-small cell lung cancer; results 
of a population-based study. Lung Cancer 2004;46:233–45.

http://globocan.iarc.fr/


KANKESAN et al.

37Current OnCOlOgy—VOlume 20, number 1, February 2013
Copyright © 2013 Multimed Inc. Following publication in Current Oncology, the full text of each article is available immediately and archived in PubMed Central (PMC).

 15. Winget M, Fleming J, Li X, Gao Z, Butts C. Uptake and toler-
ance of adjuvant chemotherapy in early stage nsclc patients 
in Alberta, Canada. Lung Cancer 2011;72:52–8.

 16. Firat S, Pleister A, Byhardt RW, Gore E. Age is independent 
of comorbidity influencing patient selection for combined 
modality therapy for treatment of stage iii nonsmall cell lung 
cancer (nsclc). Am J Clin Oncol 2006;29:252–7.

 17. Janssen–Heijnen ML, Smulders S, Lemmens VE, Smeenk 
FW, van Geffen HJ, Coebergh JW. Effect of comorbidity on 
the treatment and prognosis of elderly patients with non-small 
cell lung cancer. Thorax 2004;59:602–7.

 18. Owonikoko TK, Ragin CC, Belani CP, et al. Lung cancer in 
elderly patients: an analysis of the surveillance, epidemiology, 
and end results database. J Clin Oncol 2007;25:5570–7.

 19. Tyldesley S, Zhang–Salomons J, Groome PA, et al. Association 
between age and the utilization of radiotherapy in Ontario. Int 
J Radiat Oncol Biol Phys 2000;47:469–80.

 20. Vinod SK, O’Connell DL, Simonella L, et al. Gaps in optimal 
care for lung cancer. J Thorac Oncol 2008;3:871–9.

 21. Statistics Canada. Canada’s Population Estimates, Table 2: 
quarterly demographic estimates [Web page]. Ottawa, ON: 
Statistics Canada; 2011. [Available at: http://www.statcan.
gc.ca/daily-quotidien/100628/t100628a2-eng.htm; cited Nov-
ember 30, 2012]

 22. Clarke EA, Marrett LD, Kreiger N. Cancer registration in On-
tario: a computer approach. IARC Sci Publ 1991;(95):246–57.

 23. Robles SC, Marrett LD, Clarke EA, Risch HA. An application 
of capture–recapture methods to the estimation of complete-
ness of cancer registration. J Clin Epidemiol 1988;41:495–501.

 24. Mackillop WJ, Zhang–Salomons J, Groome PA, Paszat L, 
Holowaty E. Socioeconomic status and cancer survival in 
Ontario. J Clin Oncol 1997;15:1680–9.

 25. Williams J, Young W. A summary of studies on the quality 
of health care administrative databases in Canada. In: Goel 
V, Williams J, Anderson G, et al., eds. ICES Practice Atlas. 
Vol. 1: Patterns of Health Care in Ontario. Ottawa, ON: The 
Canadian Medical Association; 1996: 339–45.

 26. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new 
method of classifying prognostic comorbidity in longitud-
inal studies: development and validation. J Chronic Dis 
1987;40:373–83.

 27. Deyo RA, Cherkin DC, Ciol MA. Adapting a clinical comor-
bidity index for use with icd-9-cm administrative databases. 
J Clin Epidemiol 1992;45:613–19.

 28. Winget M, Stanger J, Gao Z, Butts C. Predictors of surgery 
and consult with an oncologist for adjuvant chemotherapy in 
early stage nsclc patients in Alberta, Canada. J Thorac Oncol 
2009;4:629–34.

 29. Kassam F, Shepherd FA, Johnston M, et al. Referral patterns 
for adjuvant chemotherapy in patients with completely resected 
non-small cell lung cancer. J Thorac Oncol 2007;2:39–43.

 30. Younis T, Al-Fayea T, Virik K, Morzycki W, Saint-Jacques N. 
Adjuvant chemotherapy uptake in non-small cell lung cancer. 
J Thorac Oncol 2008;3:1272–8.

 31. Massard C, Tran Ba Loc P, Haddad V, et al. Use of adjuvant 
chemotherapy in non-small cell lung cancer in routine practice. 
J Thorac Oncol 2009;4:1504–10.

 32. Cuffe S, Booth CM, Peng Y, et al. Adjuvant chemotherapy for 
non-small-cell lung cancer in the elderly: a population-based 
study in Ontario, Canada. J Clin Oncol 2012;30:1813–21.

 33. Früh M, Rolland E, Pignon JP, et al. Pooled analysis of the 
effect of age on adjuvant cisplatin-based chemotherapy for 
completely resected non-small-cell lung cancer. J Clin Oncol 
2008;26:3573–81.

 34. Pepe C, Hasan B, Winton TL, et al. on behalf of the National 
Cancer Institute of Canada and Intergroup Study jbr.10. Ad-
juvant vinorelbine and cisplatin in elderly patients: National 
Cancer Institute of Canada and Intergroup Study jbr.10. J Clin 
Oncol 2007;25:1553–61.

 35. Strand TE, Rostad H, Møller B, Norstein J. Survival after 
resection for primary lung cancer: a population based study 
of 3211 resected patients. Thorax 2006;61:710–15.

 36. Booth CM, Mackillop WJ. Translating new medical therapies 
into societal benefit: the role of population-based outcome 
studies. JAMA 2008;300:2177–9.

Correspondence to: Christopher Booth, Division of 
Cancer Care and Epidemiology, Queen’s University 
Cancer Research Institute, 10 Stuart Street, Kings-
ton, Ontario  K7L 3N6.
E-mail: boothc@kgh.kari.net

*  Division of Cancer Care and Epidemiology, 
Queen’s University Cancer Research Institute, 
Kingston, ON.

†  University Health Network, Princess Margaret 
Hospital Division, Toronto, ON.

‡  University Health Network, Toronto General 
Hospital, Toronto, ON.

§  Institute for Clinical Evaluative Sciences, 
Queen’s Health Services Research Facility, 
Kingston, ON.

http://www.statcan.gc.ca/daily-quotidien/100628/t100628a2-eng.htm
http://www.statcan.gc.ca/daily-quotidien/100628/t100628a2-eng.htm
mailto:boothc@kgh.kari.net

