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Background

Lung cancer is the leading cause of cancer death and second 
most common primary site of malignancy for both genders, 
with non-small cell lung cancer (NSCLC) histology 
accounting for 85% of all cases (1). In the United States in 
2012, an estimated 226,160 new cases of lung and bronchial 
cancer were diagnosed and 160,340 people died as a result 
of their disease. Most patients (56%) have metastatic 
disease at the time of diagnosis, while 15% of patients 

have disease confined to the primary site and 22% have 
disease involvement of regional lymph nodes. The 5-year 
relative survival is 52.2% for patients with localized disease 
at diagnosis and 25.1% for patients with regional lymph 
node spread (1). The standard for decades for patients with 
potentially resectable stages I-IIIA tumors has generally 
been referral for surgical consultation. Surgically resected 
stages IIA, IIB, and IIIA NSCLC confer 5-year survival 
rates of 46%, 36%, and 24%, respectively (2).
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Published evidence over the past nine years has led to 
major changes in clinical guidelines regarding the use of 
adjuvant treatment in this situation. In 2004 and 2005, 
large randomized trials demonstrated a modest increase in 
5-year survival of patients who received adjuvant cisplatin-
based therapy (ACT) after complete surgical resection of 
stages I-IIIA NSCLC (3-5). A large meta-analysis in 2008 
of these and other trials confirmed improved 5-year survival 
rates for stage II (10%) and IIIA (13%) (6). Currently, both 
the American Society of Clinical Oncology (ASCO) and 
the National Comprehensive Cancer Network (NCCN) 
recommend ACT for patients with completely resected 
stage II or IIIA NSCLC (7-9).

Despite the demonstrated survival benefit of ACT, 
guideline adherence for adjuvant chemotherapy after 
NSCLC resection has been shown to be only 61.3-64% 
(9,10). The barriers to the use of ACT in a non-trial 
setting are not well understood, but are likely to include 
opinions of both physician and patient regarding ability 
to tolerate chemotherapy and whether the potential 
benefits of adjuvant therapy outweigh the risks. In order 
to better understand and quantify the practical use of 
ACT, we evaluated surgeon referral to medical oncology 
and oncologist recommendations for ACT following 
surgical resection of stages II-IIIA NSCLC with N1 
nodal status from 2000-2012; N1 was singled out because 
chemotherapy use for N2 disease was already strongly 
supported by existing research. In this exploratory analysis, 
we sought to characterize the transition of clinical practice 
at our institution in light of new evidence and changing 
guidelines and to document reasons for non-referral to 
medical oncology or non-recommendation of ACT. We 
hypothesized that the new evidence resulted in increased 
adjuvant therapy recommendations.

Patients & methods

Data

Local institutional review board approval was obtained 
including waiver of consent. An internal, prospective 
database of all institutional thoracic surgery patients was 
queried for patients undergoing lobectomy or greater 
resection for N1 NSCLC during the study period, with 
additional chart review to complete data collection. Data 
elements extracted included demographics, neoadjuvant 
therapy status, significant comorbidities, intra-operative 
details, pathologic histology and stage, events of post-

operative course, post-operative surgical notes, oncologic 
evaluation notes, and information on chemotherapy 
course, if applicable. Reasons for non-referral or ACT not 
recommended were categorically noted. Stage was recorded 
based on the American Joint Committee on Cancer, seventh 
edition, staging system; patients treated during times of 
earlier staging editions were recoded according to the 7th 
edition definitions (2).

Study cohort

The study cohort included patients older than 18 years of 
age who underwent resection of a single lobe or greater 
without neoadjuvant chemotherapy for pathologically 
confirmed N1 NSCLC between Jan 1st, 2000 and Aug 31st, 
2012, and who attended at least one post-operative visit 
with an institutional surgeon.

Outcomes and covariates

Because administration of chemotherapy to patients 
during the study time frame would be only after direct 
evaluation by a medical oncologist, the outcomes of 
interest were referral by the surgeon to medical oncology, 
recommendation for ACT by the oncologist, and initiation 
of ACT within six months of surgical resection. Covariates 
of interest included demographics (age, sex, race), operative 
details (extent of resection and surgical approach), tumor 
characteristics (histopathology and staging), pre-operative 
pulmonary function, smoking history, post-operative 
performance status, and presence of major comorbidities 
(including coronary artery disease, congestive heart failure, 
diabetes mellitus, renal insufficiency, and history of stroke).

Statistical analysis

The analysis was stratified by date of surgery. Patients who 
underwent surgery between Jan 1st, 2000 and Dec 31st, 
2005, were included in the 2000-2005 cohort, whereas 
patients who underwent surgery between Jan 1st, 2006 and 
Aug 31st, 2012 were included in the 2006-2012 cohort. The 
dates were chosen to account for dissemination into practice 
following the publications in 2004 and 2005 of the two 
major trials that demonstrated the benefit of ACT.

Patient characteristics, referral status, and recommendation 
for chemotherapy were tabulated for each cohort era. 
Performance status was categorized into good (Karnofsky 
80-100 or ECOG 0-1), fair (Karnofsky 60-70 or ECOG 2), 
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and poor (Karnofsky <60 or ECOG 3). Continuous 
data is presented as mean ± standard deviation unless 
otherwise indicated. Fisher’s exact test and chi-squared 
test of independence were used to compare referral 
and recommendation status between the cohort eras. 
Plotting referral to an oncologist by year visually 
demonstrated changes in referral practice over time, with 
referral frequencies compared using chi-squared tests of 
independence. In order to further evaluate whether era of 
surgery was an independent predictor of whether or not 
adjuvant chemotherapy was considered, a multivariable 
logistic regression model was created with “referral to 
medical oncology” as the outcome and “era of surgery” and 
patient age as potential predictors. These two predictors 
were chosen after considering the number of events and 
heterogeneity and number of missing variables for all 
potential predictors. A two-tailed probability value of 
less than 0.05 was considered significant. The data were 
imported into R Studio (Version 97.312) for analysis.

Results

Initial query of the institutional database yielded 356 
patients who underwent resection of lung cancer with N1 
nodal disease. After exclusion of 84 patients (Figure 1), 272 

patients who met inclusion criteria were identified. The 
2000-2005 cohort included 110 patients and the 2006-
2012 cohorts included 162 patients, as shown in Table 1. 
The patients in the two eras were similar in age, gender 
and racial distribution, pathologic stage, tumor histology, 
pulmonary function, and presence of comorbidities. The 
two cohorts shared similar proportions of patients with any 
tobacco use history, but patients of the early cohort had 
significantly greater mean pack-years compared to patients 
of the later cohort (53.5±25.9 vs. 46.4±27.0, P=0.046). Post-
operative performance status was “good” in 39.5% of the 
later 2006-2012 cohort in contrast to only 21.8% of the 
early 2000-2005 cohort (P=0.004); however, data were only 
recorded for 56.2% and 66.4% of patients, respectively. 
Although the extent of resection (lobectomy vs. bilobectomy 
vs. pneumonectomy) was similar between the two cohorts, 
the proportion of patients undergoing minimally invasive 
procedures was significantly higher in the later cohort 
compared to the earlier cohort [50.6% (82 of 162) vs. 30% 
(33 of 110), P<0.001].

Frequency of patient referral to medical oncology by 
year is presented in Figure 2. Analysis of consecutive years 
demonstrated that the proportion of patients referred 
to medical oncology changed significantly from 72.4% 
in 2004 to 93.1% in 2005-2006 (χ2=4.35, P=0.037); this 
demonstrates a change in clinical practice one year before 
our categorical divider of 2006, selected a priori.

Figure 3 shows the referral and recommendation status 
of patients by cohort era. The proportion of patients 
referred to an oncologist increased from 74.5% in 2000-
2005 to 90.1% in 2006-2012 (P=0.002). In addition in 
multivariable analysis, patients who had surgery in the 
later era were much more likely than patients in the early 
era to be referred to medical oncology to consider ACT 
[odds ratio 3.2, 95% confidence interval (CI): 1.6-6.2, 
P=0.0008]. Similarly, the proportions of evaluated patients 
recommended for ACT increased from 61% in the earlier 
cohort to 81.5% in the later cohort (χ2=16.1, P<0.001). For 
patients whose recommended chemotherapy regimens were 
documented, a platin-based doublet was the recommended 
chemotherapy regimen in the majority of patients in both 
eras [earlier era 97% (32 of 33 patients) vs. later era 96% 
(75 of 78 patients), P=1]. Of note, 25% (n=28) of patients 
in the early cohort era and 10% (n=16) of patients in the 
later cohort era were not referred for medical oncology 
evaluation after surgery. Among patients who were 
evaluated by a medical oncologist, the outcome of the 
oncologist’s evaluation was unknown for 13.4% (11 of 82) 

Initial query 
(n=356)

Age<18

Surgery prior to 1/1/2000

Small cell pathology

Neoadjuvant chemotherapy

No post-op visit to surgeon

1

28

8

37

19

Exclusions (n=84)*

Study cohort 
(n=272)

Figure 1 Consort diagram showing the original cohort, exclusion 
criteria, and ultimate study cohort. In the frequency of exclusions, 
patients could have been excluded for multiple reasons.
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of patients in the early cohort era and 8.9% (13 of 162) of 
patients in the later cohort era. 

Prior to 2006, oncologists did not recommend ACT for 
25.6% (21 of 82) of evaluated patients; lack of indication (12 
of 21, 57%) was the most common reason given; the other 

reason was that the patient was not an adequate candidate 
(9 of 21, 43%). In the years 2006-2012, 7.5% (11 of 146) of 
evaluated patients were not recommended for ACT; most 
often the oncologist deemed the patient was not an adequate 
candidate (6 of 11, 54.5%), with ACT being deemed as 

Table 1 Patient characteristics by cohort era

Variable Early [2000-2005] era, (n=110) Later [2006-2012] era, (n=162) P value

Age (years) 64.1±10.7 64.4±10.4 0.838

Male gender 71 (64.5%) 100 (61.7%) 0.637

Non-white race 16 (14.5%) 30 (18.5%) 0.391

Resection extent 0.107

Lobectomy 74 (67.3%) 127 (78.4%)

Bilobectomy 9 (8.2%) 7 (4.3%)

Pneumonectomy 27 (24.5%) 28 (17.3%)

Approach <0.0001

Minimally invasive 33 (30%) 82 (50.6%)

Thoracotomy 77 (70%) 80 (49.4%)

Pathologic stage 0.834

Stage IIA 66 (60.0%) 103 (63.6%)

Stage IIB 16 (14.5%) 21 (13.0%)

Stage IIIA 28 (25.5%) 38 (23.5%)

Tumor histology 0.078

Adenocarcinoma 39 (35.5%) 63 (38.9%)

Squamous cell carcinoma 40 (36.4%) 66 (40.7%)

Large cell carcinoma 8 (7.3%) 17 (10.5%)

Other 23 (20.9%) 16 (9.9%)

Performance status 0.004

Good 24 (21.8%) 64 (39.5%)

Fair 12 (10.9%) 7 (4.3%)

Poor 1 (0.9%) 0 (0%)

Unknown 73 (66.4%) 91 (56.2%)

FEV1 (percent predicted) 71.9±16.9 72.4±17.8 0.83

DLCO (percent predicted) 76.5±21.0 74.0±19.7 0.382

Smoking history 98 (89.1%) 145 (89.5%) 0.064

Pack years 53.5±25.9 46.4±27.0 0.046

Coronary artery disease 22 (20%) 37 (22.8%) 0.65

Congestive heart failure 3 (2.7%) 1 (0.6%) 0.31

Diabetes 13 (11.8%) 30 (18.5%) 0.18

Renal insufficiency 2 (1.8%) 7 (4.3%) 0.32

History of CVA 9 (8.2%) 18 (11.1%) 0.54

Abbreviations: FEV1, forced expiratory volume in one second; DLCO, diffusion capacity of the lung to carbon monoxide; CVA, 

cerebrovascular accident.
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not indicated in the remaining patients (5 of 11, 45.5%). 
Although oncologists recommended ACT to a higher 
percentage of patients in the later era, the percentages of 
patients who were offered but declined adjuvant treatment 
were similar between the two eras: 14% (7 of 50) of 2000-
2005 patients vs. 13.4% (16 of 119) of 2006-2012 patients, 
(P=0.666), as shown in Table 2.

Table 3 lists the characteristics of patients who agreed 
to and who declined ACT. Overall, patients who declined 
chemotherapy were significantly older than patients who 
accepted therapy (68.4±9.4 vs. 62.6±9.2, P=0.010); none 
of the other baseline characteristics differed significantly 
between the groups. For patients 2006-2012, the age gap 
was even greater between those who declined (mean =70.0, 
SD =8.13) and those who accepted (70.0±8.1 vs. 61.9±9.4, 
P=0.002); other characteristics of the later cohort era and 
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Figure 2 Proportion of patients referred or not referred to medical 
oncology for consideration of adjuvant chemotherapy after surgery.

Study cohort 
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2000-2005 
(n=110)

2006-2012 
(n=162)

82 (75%) 
reterred

146 (90%) 
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reterred
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reterred
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119 (82%)  
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21 (26%) 
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Figure 3 Consort diagram showing the number and percentages of patients who were referred to medical oncology and recommended to 
get adjuvant chemotherapy, with study population split by cohort era. Reasons for non-referral include lack of indication and patient was 
not an adequate candidate. Referral or recommendation unknown indicates that a patient met with the surgeon or oncologist, respectively, 
and discussion or final decision regarding adjuvant chemotherapy was not explicitly documented. A total of 28 patients (25%) were never 
referred or referral was unknown for the 2000-2005 cohort; that number was 16 patients (9%) for the 2006-2012 cohort.

Table 2 Outcomes of patient treatment decisions in patients recommended receiving ACT

Early [2000-2005] era, (n=50) Later [2006-2012] era, (n=119) P value

Patient decision unknown 0 (0%) 4 (3.4%) 0.666

Patient declined ACT 7 (14.0%) 16 (13.4%)

Patient agreed to ACT 43 (86%) 99 (83.2%)

Abbreviation: ACT, acceptance and commitment therapy.
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all characteristics of the earlier cohort era were not found 
to differ significantly between groups based on pursuit of 
ACT (data not shown). Of note, performance status was 
not different between these groups, though those data were 
available for less than half of each group.

In the 2006-2012 cohort, 92.9% (92 of 103) patients 
who were recommended for and agreed to ACT were 
documented to initiate treatment, which was significantly 
higher than that observed in the earlier cohort (81.4%, 35 of 
43 patients) (P=0.018), as shown in Table 4. In the later era, 

Table 3 Characteristics of patients who were recommended to receive ACT, stratified by whether they accepted or declined the ACT

Variable Agreed (n=142) Declined (n=23) P value

Age (years) 62.6±9.2 68.4±9.4 0.01

Male gender 85 (59.9%) 13 (56.5%) 0.762

Non-white race 25 (17.6%) 4 (17.4%) 0.980

Resection extent 0.379

Lobectomy 107 (75.4%) 19 (82.6%)

Bilobectomy 8 (5.6%) 2 (8.7%)

Pneumonectomy 27 (19.0%) 2 (8.7%)

Approach 0.399

Minimally invasive 69 (48.6%) 9 (39.1%)

Thoracotomy 73 (51.4%) 14 (60.9%)

Pathologic stage 0.433

Stage IIA 83 (58.5%) 17 (73.9%)

Stage IIB 25 (17.6%) 2 (8.7%)

Stage IIIA 34 (23.9%) 4 (17.4%)

Tumor histology 0.627

Adenocarcinoma 63 (44.4%) 8 (34.8%)

Squamous cell carcinoma 51 (35.9%) 11 (47.8%)

Large cell carcinoma 13 (9.2%) 1 (4.3%)

Other 15 (10.6%) 3 (13.0%)

Performance status 0.644

Good 65 (45.8%) 11 (47.8%)

Fair 8 (5.6%) 2 (8.7%)

Poor 0 (0%) 0 (0%)

Unknown 69 (48.6%) 10 (43.5%)

FEV1 (percent predicted) 73.9±16.9 73.0±17.8 0.796

DLCO (percent predicted) 74.8±21.0 79.6±19.7 0.273

Smoking history 130 (91.5%) 21 (91.3%) 0.782

Pack years 47.7±25.7 48.0±35.0 0.967

Coronary artery disease 31 (21.8%) 6 (26.1%) 0.601

Congestive heart failure 0 (0%) 0 (0%) 1

Diabetes 25 (17.6%) 3 (13.0%) 0.769

Renal insufficiency 2 (1.4%) 2 (8.7%) 0.094

History of CVA 12 (8.5%) 3 (13.0%) 0.443

Abbreviations: FEV1, forced expiratory volume in one second; DLCO, diffusion capacity of the lung to carbon monoxide; CVA, 

cerebrovascular accident.
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60.1% (n=56) of the 92 patients documented to receive ACT 
were treated by the oncologist who initially recommended 
therapy and 39.9% (n=36) were treated by an oncologist who 
practiced closer to where the patient lived. In the early era, 
roughly equal proportions of patients were treated by the 
oncologist who made the initial recommendation [54.3% (19 
of 35)] and by an oncologist who practiced closer to where 
the patient lived [45.7% (16 of 35)].

Discussion

This study characterizes the management of patients who 
had undergone resection of NSCLC with N1 nodal disease 
at one institution from 2000 to 2012, a period during which 
several phase III clinical trials demonstrated significant 
survival benefit of ACT for this patient population. The 
analysis shows that clinical practice by both surgeons and 
oncologists significantly changed in response to newly 
published evidence, even ahead of the predetermined year 
divider. The somewhat earlier than expected change in 
clinical practice may indicate that evidence dissemination 
from abstract presentations and research conferences can 
lead to rapid change in clinical practice even in advance of 
formal publication. In this study, increasing referral rates 
from 74.5% in 2000-2005 to 90.1% in 2006-2012 were 
accompanied by an increase the percentage of patients 
who were recommended by medical oncology to be given 
ACT (60.1% in 2000-2005 vs. 81.5% in 2006-2012). These 
findings suggest a successful dissemination of practice-
changing research prior to updates of official guidelines. 
In addition, a greater proportion of patients who agreed to 
ACT were documented to have actually initiated treatment 
in the later cohort (92.9%) compared to the earlier cohort 
(81.4%), proportions which are higher than recent research 
suggests (10,11). Had the categorical dividing year been 
2005 (as the data shows) instead of 2006 (selected a priori), 
the magnitude of difference between cohort eras of referral 

practices, oncologists’ recommendations, and initiation 
of ACT might have been even more extreme. This result 
may indicate that physicians at an academic medical center 
are likely to incorporate new research data into practice 
more quickly than in other practice situations. However, 
chemotherapy referrals were never 100% annually, as some 
patients were lost to follow up and others were considered 
too weak to pursue chemotherapy post-operatively.

In our study, the most common documented reason for 
ACT not being delivered was poor performance status. 
The use of induction chemotherapy followed by surgical 
resection may be a better strategy in some patients whose 
ability to tolerate surgery could improve with pulmonary 
rehabilitation or with better control of concomitant medical 
conditions. In addition, patient selection and surgical 
treatment must be optimized such that patients have the 
best chance of avoiding morbidity and maintaining an 
adequate performance status for a course of ACT. In this 
regard, the use of minimally invasive surgical techniques 
has been demonstrated to improve the compliance of ACT 
(12,13). Improved ACT compliance would allow for more 
clear evaluation of long term patient outcomes, whereas 
patients’ cessation of treatment or dose reduction due to 
patient choice or toxicity hinder such evaluation in a non-
trial setting (14).

One important implication of our study is that new 
evidence clearly has different impacts on physicians and 
patients. The proportion of patients who were offered but 
declined ACT did not change significantly between the 
two eras, despite the increased rate of referral to medical 
oncology post-surgery and the increased rate of medical 
oncology recommending chemotherapy. Interestingly, the 
proportion of patients who refused treatment in our study 
(13-14%) was smaller than in an earlier, multi-centered 
study, where 26% of patients refused further treatment (15). 
Although we are not able to delineate precise reasons for 
why patients declined ACT, it is likely that some patients 

Table 4 Outcomes of chemotherapy administration in patients who agreed to receive ACT

Early [2000-2005] era, (n=43) Later [2006-2012] era, (n=99) P value

Received ACT 35 (81.4%) 92 (92.9%) 0.018

Did not receive ACT* 2 (4.7%) 5 (5.1%)

ACT use unknown** 6 (14.0%) 2 (2.0%)

*, reasons ACT not given (2000-2005): new metastasis (n=1), trial randomized to observation (n=1); reasons ACT not given (2006-

2012): death (n=3), stroke (n=2); **, Patients returned to local oncologist for care, with no records indicating chemotherapy 

administration available. Abbreviation: ACT, acceptance and commitment therapy.
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did not feel the risks of ACT were worth the potentially 
increased chance of long-term survival. It is important to 
note that new evidence did not impact patient decision-
making in nearly the same degree that physician decision-
making was impacted. Better understanding of the patient’s 
decision-making process is clearly needed, given that 
research has suggested that physicians often misunderstand 
patient attitudes towards chemotherapy. Moreover, in the 
setting of emotional distress due to a new cancer diagnosis, 
patients are asked to weigh numerically defined risks 
versus benefits and process complex information (16). The 
aforementioned tasks confound the average American who 
reads at the eighth grade level and even 20% of college-
educated adults cannot identify the higher risk percentage: 
1%, 5%, or 10% (17). Given these challenges to effective 
communication, the medical literature and wider community 
would benefit from careful documentation of the patient-
physician decision-making process, including analysis of 
patients’ comprehension of options, risks, and benefits, and 
individual goals of therapy and preferences.

Another important implication of our study is that 
any benchmarks that are set in regards to ACT use for 
NSCLC must recognize that some small but significant 
percentage of patients will choose to decline treatment 
recommendations. In the context of evaluating system 
performance measures, care coordination, and effectiveness, 
the proportion of patients not being definitively evaluated 
(35.5% in 2000-2005 and 17.9% in 2006-2012) or declining 
treatment (14.0% in 2000-2005 and 13.4% in 2006-2012) 
highlights the fact that organizations may not be able to 
implement guideline-driven treatment for all patients (18). 
Additionally, one-third to one-half of patients undergoing 
evaluation at our tertiary medical center were treated by 
an oncologist outside of this health system who was closer 
to the patient’s home. These findings are important in an 
environment in which reimbursement may become more 
closely tied to adequate documentation of quality of care. 
Clearly, the care that patients ultimately agree to receive 
goes beyond just what the evidence suggests is associated 
with the best outcomes.

There are several important limitations to be recognized. 
First, the data were from a single site and may not 
generalize to other institutions. In addition, the findings of 
our study cohort of United States patients may not be as 
applicable to cohorts of patients in other countries, where 
the administration of chemotherapy may be directly by 
surgeons without medical oncology referral and where the 
distribution of patient characteristics such as smoking and 

lung cancer histology may be different than those observed 
in our cohort. Second, this study was limited by both the 
retrospective nature of the study and the small sample size, 
especially with respect to comparisons of patients who did 
or did not receive ACT. In addition, explicit documentation 
of chemotherapy evaluation, recommendations, and 
administration were not consistently available for review for 
all patients. Therefore, our findings could be biased if there 
were any unmeasured characteristics of the patients whose 
follow-up was not complete which were different from the 
patients for whom we had complete follow-up. In particular, 
performance status data were absent for over half of our 
patients. Considering that performance status is generally 
a very critical determinant when deciding if chemotherapy 
is appropriate for a patient, our study findings could 
potentially be biased if the distribution of performance 
statuses of the patients for whom the data was missing had 
more patients with worse performance status than what we 
observed in the patients for whom performance status had 
been recorded. Finally, one-third to one-half of patients 
were followed or treated by their local oncologist. As a 
result, clinical details were also not available for patients 
who were not followed after surgery or who choose to 
undergo ACT at an outside institution; missing data were 
treated as “unknown” in our analysis.

In conclusion, referrals and recommendations for ACT 
use increased following the publication of supporting 
evidence but did not significantly change the percentage of 
patients who ultimately agreed to receive ACT. Our research 
supports that new evidence leads to significant change in 
practice but it also highlights also the need to understand 
how patients make decisions about their cancer care. 
Future studies that have a greater number of patients or 
prospectively evaluated ACT will demonstrate if the changes 
in referrals and recommendations were not unique to our 
institution and hopefully clarify patient decision making as 
well as further define realistic goals for the use of ACT.
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