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The path from initial development of an anti-cancer agent to diffusion of a new cancer 

therapy into the cancer treatment community relies, crucially, on clinical trials. In this 

dissertation, we investigated the representativeness, generalizability, and diffusion of 

cancer clinical trial treatments. Representativeness was examined using a national, 

online survey sample of 5,499 patients enrolled from 2007-2011. Income independently 

predicted clinical trial participation (p=.01) and cost concerns were much more evident 

among lower income patients (p<.001). We concluded that a better understanding of 

why income is a barrier may help identify ways to make clinical trials better available to 
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all patients, and would increase the generalizability of clinical trial results across all 

income levels. To examine generalizability, we compared 5,190 trial patients from 21 

SWOG studies from 1987-2007 to 69,187 corresponding non-trial controls selected from 

the Surveillance, Epidemiology, and End Results (SEER) program. The impact of trial 

participation on overall survival endured for only one year, and was therefore more likely 

to influence overall survival in poor prognosis studies (9/10) rather than good prognosis 

(0/11) studies (p<.0001). We concluded that the long term generalizability of standard 

arm outcomes improves confidence that trial treatment effects will translate to the real 

world setting, especially for good prognosis diseases.  To examine diffusion, we analyzed 

docetaxel diffusion in metastatic prostate cancer patients diagnosed from 1995-2007 

using the SEER-Medicare database. 6561 metastatic prostate cancer patients were 

identified; 1350 subsequently received chemotherapy (i.e. hormonal therapy failures). 

Diffusion was slower for socioeconomically disadvantaged patients. Eighty percent of 

docetaxel diffusion occurred prior to the release of phase III results showing superiority 

of docetaxel over standard-of-care in hormone-refractory prostate cancer. We concluded 

that efforts to increase the rate of diffusion of treatments among disadvantaged 

populations could lead to cancer population survival gains; also, diffusion prior to 

definitive phase III evidence suggests the widespread prevalence of off-label 

chemotherapy use. These results contribute to our understanding of the role of clinical 

trial results in the development of new treatments, and may help improve the speed and 

efficiency with which new cancer treatments are translated into clinical practice.  
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Chapter 1 
 

INTRODUCTION 
 

 
The path from initial development of an anti-cancer agent to diffusion of a new 

cancer therapy into the cancer treatment community involves, crucially, clinical trials, 

which represent the final step in evaluating the efficacy of new therapeutic approaches 

for malignancy. As such, the proper design, conduct and interpretation of cancer clinical 

trials are essential for informing not only future treatment decisions, but policy decisions 

pertaining to the coverage of new therapies.   

Figure 1.1 shows a conceptual model of the pathway of development to diffusion 

of a new therapy. Early development includes lab discoveries of new agents through early 

human testing in phase I and phase II clinical trials. Comparative testing of a promising 

new drug to standard-of-care is conducted in a randomized phase III trial. Crucial 

elements for establishing the validity of the clinical trial experiment include the nature of 

the study design, appropriate trial monitoring and analysis, and the representativeness 

of the trial cohort compared to the intended treatment population. These factors will 

impact the generalizability of the study results; that is, the extent to which the impact of 

the new treatment, compared to standard-of-care, in the experimental setting (the 

“efficacy” of treatment) translates to the broader cancer treatment community (the 

“effectiveness” of treatment). Finally, the interpretation of results will impact patient and 

physician treatment decisions, as well as the decisions of public and private funding 

agencies, which will also interact with each other. Treatment and coverage decisions will 

influence the diffusion of the new therapy into the community setting. This pathway has 
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alternatively been decomposed into stages T1 and T2, where T1 represents the 

translation of newly discovered agents from early laboratory testing through clinical 

testing and establishment of experimental efficacy and community effectiveness, and T2 

focuses on factors affecting the diffusion of a proven agent into clinical practice.1 

1

Conceptual Model: Study to Diffusion of New Cancer Therapy

Physician and Patient -Level
Treatment Decisions

Public (CMS) or Private 
(Health Insurance Co.) 
Treatment Coverage 

Decisions

Diffusion
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Drug 

Development
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Animal testing
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anti-cancer activity, 
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Comparative 

Testing

(Phase III) 

Study design

Monitoring/Analysis

Representativeness

(Aim 1)

Interpretation

Generalizability: 
Efficacy vs. 

Effectiveness
(Aim 2) 

Academic/Research Setting (T1) Community Setting (T2)

Figure 1.1

 
The conduct of cancer clinical trials, especially with regard to methodological 

issues of design, monitoring, and analysis, is firmly established and has evolved over 

decades.2 But other elements along the pathway described above have received less 

attention. The representativeness of clinical trial cohorts with respect to race and 

ethnicity has received much attention; however, because patient-specific socioeconomic 

data are rarely collected for cancer patients enrolled on national clinical trials, the 
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influence of socioeconomic status on clinical trial participation has not been well 

studied.3 A fuller understanding of the representativeness of clinical trial cohorts is 

especially important in light of the fact that only about 2-3% of adult cancer patients 

ultimately participate in cancer clinical trials;4 thus extrapolation of clinical trial results 

from the experimental setting to the community setting takes on greater meaning. Along 

these lines, studies of the relationship between drug efficacy in a clinical trial versus drug 

effectiveness in the cancer treatment community (“generalizability”) in cancer have not 

been comprehensive, relying instead on single-study comparisons with heterogeneous 

methodologic approaches.5,6  Finally, although many studies of cancer treatment usage 

patterns for a snapshot in time have been conducted, studies of treatment usage patterns 

over time (“diffusion”) are generally lacking.  

Thus the objective of this dissertation is to investigate these three aspects – 

representativeness, generalizability, and diffusion – along the pathway from 

development to new treatment diffusion in cancer. Such investigations are crucial for 

understanding the context and nuances of clinical trial results, in order to better inform 

the funding and policy decisions that are driven by clinical trial results, and ultimately to 

help improve the speed and efficiency with which new cancer treatments are adopted 

into clinical practice.  
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Chapter 2 

PATTERNS OF DECISION-MAKING ABOUT CANCER CLINICAL 

TRIAL PARTICIPATION IN THE ONLINE CANCER TREATMENT 

COMMUNITY 
 

2.1  INTRODUCTION  

Clinical trials represent the final, critical step in evaluating the efficacy of new 

treatments for cancer. Continued access to and participation in cancer clinical trials are 

essential for reducing cancer mortality. However, only a small proportion of adult cancer 

patients participate in clinical trials.1,2 

The decision about what cancer treatment to undergo is complex and personal. 

Even if patients are eligible for a trial, they often refuse to participate.3,4 Patients express 

dislike of randomized treatment assignment, and may already have a particular 

treatment in mind.4-7 Access factors (e.g. transportation, cost), disease status, and 

physicians’ attitudes toward patient participation are also important.3,4,7,8   

The generalizability of clinical trial results depends on how representative the 

trial population is of the cancer population. For instance, comorbid conditions may 

discourage older patients from trial participation, or may render patients clinically 

ineligible.9 In 1999, investigators at SWOG, a national clinical trials consortium, showed 

that older patients were substantially underrepresented in cancer trials.10 In 2000, 

Medicare changed its policy to cover the routine care costs of trial participation. A later 

SWOG study suggested that this policy change improved enrollment of older patients, 

but only for those with supplemental insurance to Medicare.11  
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Heightened awareness of socioeconomic disparities in access to medical, 

economic, or other resources is an important and current public policy issue, and 

provided the motivation to investigate potential socioeconomic barriers to clinical trial 

participation, which might also inform the age disparity. Because patient-specific 

socioeconomic data are rarely collected for cancer patients enrolled on national clinical 

trials, this topic has not been previously well studied.12 In addition, participation in 

clinical trials is strongly influenced by the presence of comorbid illnesses, yet studies of 

clinical trial participation rarely include comorbidity data.12 Therefore, to address the 

research question, SWOG collaborated with a provider of online treatment decision tools 

to assess patterns of clinical trial participation according to patient-level SES and 

demographic variables, accounting for comorbid illnesses.  

 

2.2 METHODS  

Administration 

Investigators from SWOG collaborated with NexCura®, Inc. (The Woodlands, 

Texas, USA), a provider of proprietary Internet-based cancer treatment decision tools.13 

Patients were accessed through their registration to NexCura’s treatment decision tool, 

which was embedded in multiple major cancer-oriented websites (e.g., American Cancer 

Society). An email was generated 3 months after each new registration (to allow patients 

time to make a treatment decision) offering the patient the opportunity to participate in 

the survey and providing a link to the survey website. The survey was completed online.  

Patients were notified that information they provided would be reported in 

aggregate only. Since no individual identifiers were provided to researchers, the study 

was deemed IRB exempt.  



 7 

 

Eligibility 

To be eligible, patients must have been adults (>18 years) living in the U.S. investigating 

treatment options for a first diagnosis of breast, colorectal, lung, or prostate cancer.  

 

Design 

The study design schema is shown in Figure 2.1.  

All patients who agreed to participate were asked questions pertaining to their 

demographics, staging, and comorbid illnesses. Patients were asked whether they made a 

treatment decision within the prior three months. Patients who answered “No” were 

asked to indicate “Why”. These patients were done with the survey.  

Patients who answered “Yes” represented the evaluable patient cohort. These 

patients were asked whether they had discussed with their physician possible 

participation in a clinical trial. A brief description of a clinical trial was provided. 

Patients who answered either “No”, or “Yes, but were not offered a clinical trial”, were 

asked whether they thought clinical trials: 1) represented better treatment; 2) were more 

difficult to tolerate; 3) represented a gamble; 4) were inconvenient; and 5) were more 

difficult to pay for. These patients were done with the survey.  

Patients who discussed a clinical trial with their physician and were offered trial 

participation were asked whether they participated in a clinical trial. Patients who 

answered “Yes” were asked about their attitudes toward clinical trials (as noted above) 

and were then done with the survey. Patients who answered “No” were asked about their 

reasons for declining trial participation based on 24 pre-specified questions from a prior 
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study of barriers to clinical trial participation.7 These patients were then done with the 

survey.   

The Appendix (Section 2.6) provides a full survey description. 

 

Statistical Considerations  

The primary objective was to assess, by SES and demographic factors: 1) rates of 

clinical trial enrollment; 2) patterns of enrollment to trials; 3) attitudes toward clinical 

trials; and 4) reasons for non-participation in clinical trials. Conditional logistic 

regression was used to assess the association between SES or demographic variables and 

a given outcome, conditioning on cancer type. All evaluable patients of any stage were 

included. Multivariable logistic regression was used to assess multiple factors associated 

with clinical trial participation simultaneously.  

 

SES, Demographic, and Comorbidity Variables 

The demographic factors were: age (<65 vs. >65 years), sex, and race (African 

American vs. other). Yearly household income was categorized as <$20,000 vs. 

$20,000-$34,999 vs. $35,000-$49,999 vs. $50,000-$99,999 vs. >$100,000 vs. “Don’t 

know” vs. “Prefer not to answer”. For the primary analysis, income was categorized as 

<$50,000/year vs. >$50,000/year (the nearest approximation to the median) and 

education was categorized as <2 year college degree vs. >2 year college degree. Binary 

indicator variables were used for consistency across factors and to aid interpretation. 

Further analyses explored other binary categorizations of income. Income analyses were 

limited to patients with a reported income value.   
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A comorbidity score was derived from data on 18 comorbid conditions.14 Total travel 

distance to the clinic (a surrogate for convenience) was also obtained. Both factors were 

included as covariates in multivariable regression models, split at the median 

(comorbidity: 0-1 vs. >2; travel distance: <13 miles vs. >13 miles). In addition, each 

multivariable model included the SES and demographic variables.  

 

2.3 RESULTS  

Cohort Profile 

A total of 77,752 survey invitations were sent; 6,259 were returned for a response 

rate of 8%, approximately twice that of a prior survey using NexCura’s treatment 

decision tool.13 Most patients, 5499 (88%), had made a treatment decision in the prior 3 

months, representing the evaluable patient cohort; responses by cancer type included 

2894 breast (53%), 1546 prostate (28%), 651 lung (12%), and 408 colorectal (7%).   

Twenty-two percent of patients were >65 years, 2.5% were African American, and 

62% were female (Table 2.1). In comparison, the U.S. adult cancer population with a 

similar cancer distribution was estimated to be older (58% >65 years) and to have more 

African Americans (10%), but the same proportion of females (62%).11 There was good 

geographic representativeness compared to the U.S. adult population (Figure 2.2). 

Survey participants were similar to non-participants with respect to sex (female: 62% vs. 

63%), income (>national median: 64% vs. 63%), and geographic region (Figure 2.2), but 

were more likely to have breast cancer (52% vs. 42%) and prostate cancer (28% vs. 20%) 

and less likely to have lung cancer (10% vs. 23%).  

Income was reported by 83% of patients, of which 32% made <$50,000/year. 

Education was obtained for all patients; 34% reported less than a 2-year college degree.   
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Patterns of Decision-Making  

Of the 5499 evaluable patients, 2174 (40%) reported discussing clinical trial 

participation with their physician; among these, 978 (45%) were offered a trial; and 

among these, 496 (51%) participated in a clinical trial and 482 (49%) did not (Figure 

2.3). There were statistically significant differences in the proportion of patients 

discussing trial participation in multivariable analysis by age (42% <65 years vs. 29% 

>65 years, p<.001), income (36% <$50k/year vs. 42% >$50k/year, p<.001) and 

education (35% <2 year college degree vs. 42% > 2 year college degree, p<.001). Given 

clinical trial participation was discussed, African Americans were more likely (57% vs. 

45%, p=.03) and lower income patients less likely (40% vs. 47%, p=.05) to be offered a 

clinical trial. No other statistically significant differences by SES or demographic factors 

were found (see Table 2.3).  

 

Univariate Estimation of Clinical Trial Participation   

The overall rate of clinical trial participation among evaluable patients was 9.0% 

(496/5499; Figure 2.3). Conditioning on cancer type, clinical trial participation was less 

likely in older patients (5.4% vs. 10.0%, p=.002) and patients with lower income (7.6% 

vs. 10.0%, p=.001) and lower education (7.9% vs. 9.6%, p=.02; see Table 2.2). There 

were no statistically significant differences in trial participation by race or sex. Higher 

comorbidity scores and shorter distance to clinic were also associated with lower 

participation.   

 

Multivariable Estimation of Clinical Trial Participation   
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In a multivariable conditional logistic regression model including all SES and 

demographic factors, plus the covariates comorbidity status and distance to clinic, 

income was the only SES or demographic factor that was statistically significantly 

associated with clinical trial participation (OR=0.73, p=.01; see Table 2.2).   

Patients with lower income had lower clinical trial participation regardless of 

income cutpoint (see Table 2.2). For instance, patients with income <$20,000/year 

showed a 44% lower odds of participation.  

 

Association of Income and Clinical Trial Participation in Subcategories 

We explored the association of income with trial participation within subgroups 

of respondents using a forest plot (Figure 2.4). The odds of clinical trial participation are 

consistently lower in nearly all subcategories. Importantly, although there was a trend 

towards a stronger association of income with trial participation among those <65 years 

(test for interaction of age and income, p=.06), income was associated with participation 

in older patients as well.   

 

Attitudes toward Clinical Trials   

Patient attitudes toward clinical trials were similar for patients who did not 

discuss a trial (n=3325) versus those who discussed but were not offered a trial (n=1196; 

data not shown). These subsets were combined. Concern about how to pay for clinical 

trial participation was higher in lower income patients (OR=1.79, 95% CI: 1.53-2.10, 

p<.001) and lower education patients (OR=1.50, 95% CI: 1.29-1.75, p<.001), but was 

lower in older age patients (OR=0.54, 95% CI: 0.44-0.65, p<.001), likely due to Medicare 

access. Rates of concern about how to pay for trial participation were 53% for income 



 12 

<$20,000, 46% for income $20,000-$34,999, 43% for income $35,000-$49,999, 36% 

for income $50,000-$99,999, and 24% for income >$100,000, indicating an inverse 

linear relationship (p<.001).  

Among patients who participated in a clinical trial (n=496), older patients were 

more likely to consider trial participation a gamble (OR=2.51, 95% CI: 1.28-4.93, 

p=.008), lower education patients were less likely to think a clinical trial involved extra 

inconvenience (OR=0.56, 95% CI: 0.35-0.88, p=.01), and women (OR=4.02, 95% CI: 

1.26-12.82, p.02) and lower income patients (OR=2.63, 95% CI: 1.53-4.51, p<.001) were 

more likely to worry about how clinical trial participation would be paid for. A strong 

linear association between income level and concern about how to pay for clinical trial 

participation was also evident in patients who participated in a clinical trial (p<.001; 

rates not shown).  

 

Reasons for Non-Participation in Clinical Trials  

Among those n=482 patients who were offered a clinical trial but declined, 

treatment-related concerns, especially dislike of randomized treatment (68%), were the 

most frequently cited reasons for nonparticipation (see Figure 2.5).  

Each of the 24 questions in Figure 2.5 was analyzed in multivariable regression. 

Lower income was strongly associated with more concern about how to pay for clinical 

trial treatment (p=.01) and less concern that a research protocol would determine choice 

of treatment (p=.01). Other differences are shown with Figure 2.5.  

A strong linear association between income level and concern about how to pay 

for clinical trial participation was also evident in patients who were offered a clinical trial 

but declined (p<.001; rates not shown).  
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2.4 DISCUSSION  

In this large, national survey, patients with lower income were less likely to 

participate in a clinical trial, even accounting for comorbidity and education. 

Simultaneously, lower income patients were more likely than higher income patients to 

report concern about how to pay for clinical trial participation.   

Proportional minority and female enrollment in cancer clinical trials, and 

inadequate older patient enrollment, have been observed in many studies.6,10,11,15-17 

Although distance to clinic has been cited as a reason for non-participation in clinical 

trials, in this study, trial participation was higher among patients who traveled a greater 

distance.4 This may be due to the willingness of patients seeking trials to travel farther. 

Such patients may also be healthier, and could partly explain why travel distance has 

been found to be positively associated with improved survival in clinical trials even after 

accounting for cancer stage and performance status.18  

Few studies have evaluated the association between income and clinical trial 

enrollment. Instead, some studies have used area-level surrogates for SES variables 

through Census data.(19-21) The associations found in these studies were sometimes not 

retained in multivariable modeling, perhaps due to a lack of patient-level data and 

corresponding loss of power.20,21 A large study using a telephone survey to assess clinical 

trial recruitment patterns found that middle income individuals ($15k/yr-$50k/yr) were 

less likely to participate.22 However, this study was limited to Maryland only, was not 

cancer-specific, and did not collect comorbidity data. Some studies have found 

associations of lower SES with surrogate outcomes for trial participation, such as 

willingness to participate or awareness of clinical trials.23,24 Other studies have found no 
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SES association with trial participation, although these studies had small sample 

sizes25,26 and high levels of missingness for SES factors.27 In contrast, this study had 

patient-level SES data, assessed clinical trial enrollment (by patient report) rather than 

willingness to participate or awareness of clinical trials, and had a large number of 

patients.  

One explanation for our study results might be that higher income individuals are 

better insured. Although insurance status was not collected in this survey, we observed 

that lower income predicted lower clinical trial participation in patients 65 or older, 

indicating an income disparity even in a population with universal access to Medicare. 

We also found no evidence that the association of lower income with trial enrollment 

differed between states with and without insurance mandates for coverage of clinical 

trials (interaction p-value=.32). Finally, lower income may be a selection factor for 

hospitals that are less likely to offer clinical trial participation. However, we observed 

that lower income patients were less likely to be offered a trial given a trial was 

discussed, suggesting an income disparity even when a clinical trial was explicitly under 

consideration.  

This study also provides strong evidence that lower income patients are more 

likely than higher income patients to be concerned about how to pay for clinical trial 

participation. However the NCI, in summarizing the literature, has stated that “patient 

care costs for clinical trials are not appreciably higher than costs for patients not enrolled 

in trials.”28 The NCI cites in particular the Costs of Cancer Treatment Study by Goldman 

and colleagues at RAND, which found an overall small, non-statistically significant 

increase (6.5%) in trial versus non-trial costs, and no increase in prescription out-of-

pocket costs.29,30 Other studies have found similar results.31-34   
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One limitation of this study was the inability to assess concerns about cancer 

treatment costs in general. But even if treatment cost concerns are a general issue, public 

policy changes could reduce these concerns in the clinical trial setting specifically, with 

the potential to reduce the disparity in trial participation rates. One approach would be 

to cover excess costs for trial participation for all patients. Prior evidence suggests that 

even in an insured population, co-pays and co-insurance may deter clinical trial 

participation.11 Similarly, payment to individuals to encourage clinical trial participation 

has been explored.35-37 Such approaches would require careful calibration of the size of 

any monetary incentive attached to an offer of trial participation,38 to avoid “undue 

influence” as indicated in the U.S. Common Rule for the Protection of Human Subjects. 

A different strategy could be direct-to-consumer-advertising (DTCA) targeted to lower 

income populations. DTCA has increased in recent years and awareness of oncology-

related DTCA is generally high among cancer patients (>80%).39,40 Finally, lower income 

patients may be more sensitive to indirect costs, such as having to take time off work for 

extra clinic visits. Certain low-cost considerations for patients related to time, 

convenience, or transportation, such as parking passes or bus fare, could improve 

participation for lower income patients in particular.41 Interventions to provide more 

comprehensive information to patients about costs and benefits associated with clinical 

trial participation could also be useful. Jacobsen et al. recently reported that patients 

randomized to receive printed educational materials plus a multi-media DVD 

intervention had more positive attitudes about clinical trials and more willingness to 

participate in trials than patients who received printed education materials alone.42 

Patient self-report may limit the reliability of certain types of data, for example 

comorbidity status. On the other hand, self-report is preferable for patient attitudes and 
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SES variables. Also, although all p-values <.05 are reported, those cases where .01< p 

<.05 should be regarded with some suspicion because of the number of tests performed, 

while highly statistically significant p-values (p<.01) are less likely to be significant by 

chance alone. Further, inferences pertaining to African American patients were limited 

by the small proportion of African Americans in the survey. Finally, the survey was 

conducted among web-based users in order to obtain a national sample of patients with 

patient-level SES data. Although the survey response rate was low, it was similar to rates 

reported in other internet-based surveys.13,43,44 The participant cohort was younger and 

less diverse than the general cancer population, but was comparable to non-participants 

for several factors examined, including income. Nonetheless, the most important issue is 

the extent to which the inference about the association between income and clinical trial 

participation is generalizable beyond this web-based cohort.45 Because income may be 

found to have a different impact on clinical trial participation in different populations, 

such as those without internet access or non-respondents, the validity of this finding 

requires confirmation in different study settings.  

Improving participation of lower income patients in clinical trials is important 

from multiple perspectives. Since clinical trials offer the newest cancer treatments, equal 

access to this important resource for patients of all income groups is essential. Also, 

improved lower income participation would allow clinical trials to be conducted more 

quickly, and would better ensure the applicability of trial results to all income levels (its 

“generalizability”). Understanding that income is related to clinical trial participation 

could help guide policy decisions aimed at increasing access for lower income patients. 
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Table 2.1: Characteristics of the Survey Sample (N=5,499) 

 

       Demographic Factors N %  Other Factors N % 

       Age    Comborbidity Score   

   <65 Years 4300 78%     0-1 3629 59% 

   >65 Years 1199 22%     >2 2230 41% 

       Gender     Distance to Clinic   

   Female 3420 62%     <13 Miles 2726 50% 

   Male 2079 38%     >13 Miles 2727 50% 

       Race    Cancer Type   

   White 5192 94.4%     Breast 2894 53% 

   African American 135 2.5%     Colorectal 408 7% 

   Asian/Pacific Islander 62 1.1%     Lung 651 12% 

   Native American 20 0.4%     Prostate 1546 28% 

   Other 90 1.6%     

       SES Factors    Geographic Region   

Income*        West 1388 25% 

   <$20,000 342 7%     Midwest 1151 21% 

   $20,000-$34,999  483 11%     Northeast 1063 19% 

   $35,000-$49,999 631 14%     South 1893 34% 

   $50,000-$99,999 1679 37%     

   >$100,000  1444 32%     

   Don’t know 24      

   Prefer not to answer 896      

       Education       

   <High School Deg. 660 12%     

   Some college 1223 22%     

   2-Year College Deg.  627 11%     

   4-Year College Deg. 1288 23%     

   Graduate School  1701 31%     

 

* Percentages are based on the total of 4579 respondents (83% of evaluable patients) 

who reported an income value.   
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Table 2.2: Rates of Clinical Trial Enrollment  
 

Factor  Categories (codes) % Enrolled 

in CT* 

OR (95% CI) p-

value 

Univariate Model Results  

Age  <65 (=0) 

>65 (=1) 

10.0% 

5.4% 

0.64 (0.48-0.85) .002 

Sex**   Male (=0) 

Female (=1) 

5.6% 

11.1% 

0.97 (0.63-1.48) .88 

Race  White (=0) 

African American (=1) 

9.1% 

11.1% 

1.25 (0.72-2.16) .43 

Income  >$50,000/year (=0) 

<$50,000/year (=1) 

10.0% 

7.6% 

0.68 (0.54-0.86) .001 

Education  

 

>College (=0) 

 <College (=1) 

9.6% 

7.9% 

0.78 (0.64-0.96) .02 

CS 0 or 1 (=0) 

>2 (=1) 

10.1% 

7.5% 

0.78 (0.64-0.95) .01 

DTC >13 Miles (=0) 

<13 Miles (=1) 

10.5% 

7.6% 

0.66 (0.55-0.80) <.001 

 
Multivariable Model Results 

Age  0.79 (0.58-1.08) .14 

Sex  0.93 (0.58-1.49) .75 

Race   1.31 (0.74-2.33) .35 

Income   0.73 (0.57-0.94) .01 

Education  0.92 (0.73-1.16) .49 

CS   0.81 (0.65-1.02) .07 

DTC  0.66 (0.54-0.81) <.001 

 
Multivariable Model Results for Different Income Cutpoints 

$20,000/yr  0.56 (0.35-0.91) .02 

$35,000/yr  0.73 (0.54-0.98) .04 

$50,000/yr  0.73 (0.57-0.94) .01 

$100,000/yr  0.79 (0.63-0.98) .04 

CT=Clinical trial; OR=Odds Ratio; CI=Confidence Interval; CS=Comorbidity Score; 

DTC=Distance To Clinic 

* Participation coded as 1; non-participation coded as 0.  

** Although the observed participation rate for women was almost twice as that for men 

(11.1% vs. 5.6%), the difference was not statistically significant after conditioning on 
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cancer type due to the relatively high rate of enrollment among breast cancer patients.  

In the non-sex-specific diseases only (lung and colorectal), the rates were 8.4% for males 

and 8.0% for females.  
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Table 2.3: Patterns of Clinical Trial Decision-Making by SES and Demographic Subgroups 
 
  By SES and Demographic Subgroups 
 Overall Age Sex Race Income Education 
Decision-
Making Level 

 >65 v. <65 F v. M AA v. O <$50k v. >$50k <CD v. >CD 

Discussed CT 40% 
(2174/5499) 

29% v. 42% 
P<.001 

45% v. 31% 
P=.36 

33% v. 40% 
P=.12 

36% v. 42% 
P<.001 

35% v. 42% 
P<.001 

Offered CT* 45% 
(978/2174) 

38% v. 46% 
P=.70 

50% v. 32% 
P=.27 

57% v. 45% 
P=.04 

40% v. 47% 
P=.05 

42% v. 46% 
P=.59 

Participated 
in CT** 

51% 
(496/978) 

51% v. 49% 
P=.15 

49% v. 57% 
P=.48 

60% v. 51% 
P=.43 

52% v. 51% 
P=.91 

54% v. 50% 
P=.38 

 

* Conditional on having discussed a CT.  
** Conditional on having been offered a CT.  
 
CT = Clinical Trial; F = Female; M = Male; AA = African American; O = Other; CD = College Degree 
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Did you discuss with your physician possible participation 

In a clinical trial as part of your treatment? 

YES

Did you decide to participate in a clinical trial?

NO: Obtain reasons for 

declining to participate

Submit one-time questionnaire to patients with breast, lung, 

prostate, or colorectal cancer

Obtain data on demographics, stage and comorbid illnesses

Have you made a decision regarding treatment for your 

cancer in the past 3 months? 

NO: Obtain reason  

YES

YES: Obtain treatment profiles

and attitudes toward clinical 

trials

YES, and was

offered a clinical trial 

YES, but was not offered a 

clinical trial; or NO: Obtain 

attitudes toward clinical 

trials

 
Figure 2.1. Survey schema. 
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Figure 1: Geographic Distribution of NexCura Survey Respondents 

Region
% in 
Participants

% in Non-
Participants % in U.S. 

West 25% 23% 23%

Midwest 21% 22% 22%

Northeast 19% 19% 18%

South 34% 36% 37%

 
 
Figure 2.2. Geographic distribution of NexCura survey respondents. The legend shows 

the proportion of survey participants by geographic region compared to proportions in 

non-participants and in the U.S. adult population.  
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N=5,499 Evaluable Patients

Discussed CT
N=2174 (40%)

Offered CT
N=978 (45%)

Not Offered CT
N=1196 (55%)

Participated in CT
N=496 (51%) 

Did Not Participate
N=482 (49%)

Did Not Discuss CT
N=3325 (60%)

Figure 2: Patient Flow Diagram Indicating Decision-Making 
Patterns about Clinical Trial Participation

 

Figure 2.3: Patient flow diagram indicating decision-making patterns about clinical 

trial participation. A total of 77,752 survey invitations were sent and 6,259 were 

returned, of which n=760 had not made a treatment decision within the 3 months since 

their initial registration to the NexCura website, leaving N=5499 evaluable patients. For 

the 760 respondents who had not made a treatment decision within the 3 months since 

their initial registration, most had made a treatment decision prior to 3 months ago 

(65%) or were recently diagnosed but still undecided about treatment (15%). CT=Clinical 

Trial.  
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Factor

Age

Sex

Race

Education

Comorbidities

Distance To Clinic

Category

>65 years
<65 years

Female

Male
African American

White
<College
>College

0 or 1
>2

<13 miles
>13 miles

Sample
Size

954
3625
2832

1747
125

4454
1595
2984
2711
1868
2266
2274

OR

0.79
0.42
0.69

0.69
1.51
0.67
0.66
0.74
0.76
0.65
0.64
0.73

p-
value

.06
.005
.005

.13

.49
<.001

.02

.06

.07

.03
.005

.08

0.4 0.6 0.8 1.0 1.2

Odds of Clinical Trial Participation for Lower Income Patients: Lower Odds Higher Odds

Line of Equal Odds
(OR = 1.0)

Figure 3: Forest Plot of The Association of Income and Clinical Trial
Participation by Each Study Factor

 
 
Figure 2.4: Forest plot of the association of income and clinical trial participation by 

each study factor. Each square represents an Odds Ratio (OR) and each horizontal line is 

the 95% confidence interval. The vertical line is the line of equal odds. For lower income 

individuals, the odds of clinical trial participation are consistently lower (that is, to the 

left of the line of equal odds) within nearly all subgroups of all the factors included in this 

analysis, indicating that the association between income and participation is 

independent of subgroup membership.  
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Figure 4: Reasons for Declining to Participate in Clinical Trials

 
 
Figure 2.5: Reasons for declining to participate in clinical trials. Among patients who 

were offered a clinical trial but did not participate (n=482), the most common reasons 

cited for non-participation were treatment related concerns (i.e. fear of randomization, 

did not want the specified protocol treatment, etc.). Other reasons that differed by SES 

or demographic factors included the following. AGE: Older patients were less concerned 

about travel related to clinical trial participation (p=.02), less concerned about how to 

pay for clinical trial participation (p=.04), and less concerned about time and effort 

related to clinical trial participation (p=.04). SEX: Women were less likely to have family 

and friends opposed to their clinical trial participation (p=.03). INCOME: Lower income 

patients were more concerned about how to pay for clinical trial participation (p=.01), 

less concerned that a research protocol would determine their treatment choice (p=.01), 

less likely to have family/friends opposed to their clinical trial participation (p=.03), and 

less concerned about random treatment assignment in a clinical trial (p=.04). 

EDUCATION: Lower education patients were less concerned about clinical trial side 

effects (p=.05).   
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2.6 APPENDIX  
 
Survey Description  
 
 
The following represents the verbatim wording to the web-based survey. The survey was 

administered to all breast, colorectal, lung, and prostate cancer patients 3 months after 

patient registration to the Nexcura online treatment decision tool.  

 

 

Section 1: Demographic and SES Data 

 

“The following survey is designed to assess patterns of treatment decision-making for 

patients with a diagnosis of breast, colon or rectal, lung, or prostate cancer. Patients 

must be 18 years or older and must reside in the United States.”  

 

Question: “When were you first diagnosed with cancer?”  

Response option: text entry – year of diagnosis  

 

Question: “What is your current age?”  

Response option:  text entry – age in years 

 

Question: “What is your gender?”  

Response options:  

Male 

Female 

 

Question: “What is your race?”  

Response options:  

 African American 

 Asian/Pacific Islander 

 Native American 

 Other 

 White/Caucasian 

 

Question: “What is your ethnic background?”  

Response options:  

 Hispanic  

 Non-Hispanic 
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Question: “What is your activity level and self-care ability?”  

Response options:  

 Able to carry on normal activity and work 

 Have some symptoms of the cancer but able to walk about (ambulatory) and 

carry out activities of personal self-care and daily living, e.g., bathing, dressing, 

meal preparation, household chores, etc. 

 Able to care for self but unable to work; occasionally may need assistance with 

personal needs or activities of daily living 

 Disabled; need special care and assistance with personal needs and activities of 

daily living 

 Completely disabled with no self-care ability; unable to get out of bed; may 

need hospitalization 

 

Question: “What is your marital status?”  

Response options:  

 Married 

 Living with partner 

 Single 

 Separated 

 Divorced 

 Widowed 

 

Question: “What is your highest level of education?”  

Response options:  

 8th grade or less 

 Some high school 

 High school diploma 

 Some vocational or college credit 

 2-year diploma or degree 

 4-year college degree 

 Graduate school training and/or degree 

 

Question: “Approximately how many miles do you have to travel to receive your care at 

your clinic?” 

Response option: text entry – travel distance to clinic in miles 
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Question: “What kind of transportation do you use most often to get to this clinic?”  

Response options:  

 Personal car 

 Bus  

 Taxi  

 Someone else drives me  

 Senior citizen transportation  

 Other 

 

Question: “What is your household income?”  

Response options:  

 Less than $20,000 

 $20,000 to $34,999 

 $35,000 to $49,999 

 $50,000 to $99,999 

 $100,000 or more 

 Don't know 

 Prefer not to answer 

 

Question: “Do you live in the United States?”  

Response options:  

 Yes 

 No 

 

Question: “What is your zip code?”  

Response options: text entry – 5-digit zip code  

 

“Please continue to next page”   

 



 34 

 

Section 2: Stage Data 

 

Question: “What type of cancer have you been diagnosed with?” 

Response options:  

 Breast cancer 

 Colorectal cancer 

 Non-small cell lung cancer 

 Prostate cancer 

 Small cell lung cancer 

 Other: 

 Not diagnosed with cancer 

 

If breast cancer:  

 

Question: “What was the stage of your breast cancer at the time of diagnosis?”  

Response options:  

 Stage 0, noninvasive breast cancer, ductal and lobular carcinoma in-situ 

 Stage I, tumor is less than 2 cm, no cancer in lymph nodes 

 Stage II, meaning one of the following: cancer is no larger than 2 centimeters 

but has spread to the lymph nodes in the armpit (the axillary lymph nodes); 

cancer is between 2 and 5 centimeters (from 1 to 2 inches) and may have spread 

to the lymph nodes in the armpit; cancer is larger than 5 centimeters (larger 

than 2 inches) but has not spread to the lymph nodes in the armpit. 

 Stage III, meaning one of the following: cancer is larger than 5 cm (larger than 

2 inches) with axillary lymph node involvement; cancer is any size with 

significant involvement of lymph nodes, the nodes stick together or are 

attached to nearby structures  

 Stage IV, cancer spread beyond the breast and axilla, to lymph nodes above 

the collarbone, or to distant parts of the body 

 I don't know 

 

Question: “If you do not know the stage of your breast cancer at diagnosis, please 

indicated the extent of your cancer by checking one of the following:”  

Response options:  

 Local (confined to breast only) 

 Regional (in breast and lymph nodes) 

 Metastatic (tumor in other parts of the body) 
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If non-small cell lung cancer:  

 

Question: “What was the stage of your lung cancer at the time of diagnosis?”  

Response options:  

 Stage I, very early stage cancer, no spread to lymph nodes 

 Stage II, cancer has spread to nearby areas or lymph nodes within the same 

lung 

 Stage III, additional spread of the cancer to areas within the chest or other 

lymph nodes on the other side of the chest 

 Stage IV, cancer of any size within the lung with spread to other sites of the 

body 

 I don't know 

 

If small cell lung cancer:  

 

Question: “What was the stage of your lung cancer at the time of diagnosis?”  

Response options:  

 Limited stage, cancer is located only in one lung.  If any lymph nodes are 

involved, they are on the same side of the chest 

 Extensive stage, cancer has spread to the other lung, to lymph nodes on the 

other side of the chest, or to distant organs. Many people with small cell lung 

cancer will already have extensive disease when it is found 

 I don't know 

 

If prostate cancer:  

 

Question: “What was the extent of your prostate cancer at the time of your diagnosis?”  

Response options:  

 Cancer was confined to my prostate (organ confined, no cancer outside 

the prostate capsule) 

 Cancer was spread outside of my prostate, but not to other organs in my 

body (the cancer may have spread to the nearby seminal vesicles, or other 

nearby tissues within the pelvic area) 

 Cancer was spread outside of my prostate to areas far from my 

prostate, such as lymph nodes or bone 

 I don't know 

 



 36 

If colorectal cancer:  

 

Question: “What was the stage of your colorectal cancer at the time of diagnosis?”  

Response options:  

 Stage 0, the cancer is in its earliest stage. It has not grown beyond the inner 

lining of the colon or rectum. Other names for this stage are carcinoma in situ 

(IS), or intramucosal carcinoma 

 Stage I, the cancer has grown into the inner layers of the lining of the colon or 

rectum, but has not spread outside the wall of the colon/rectum or into 

surrounding tissue 

 Stage II, the cancer has grown into the outermost wall of the colon or rectum 

(the serosa) or beyond, but does not involve any lymph nodes 

 Stage III, meaning one of the following: cancer has grown into the inner layers 

of the lining of the colon, but has not spread outside the wall of the colon or 

into surrounding tissue AND 1-3 lymph nodes are involved; cancer has grown 

into the outermost wall of the colon (the serosa), or locally beyond AND 1-3 

lymph nodes are involved; any size or depth of tumor AND 4 or more lymph 

nodes involved   

 Stage IV, the cancer has spread to other parts of the body, such as liver or 

lungs 

 

 I don't know 

 

Question: “Is this the first time you have been diagnosed with cancer, or is this a 

recurrence of a previously treated cancer”?  

Response options:  

 First diagnosis 

 Recurrence 

 

“Please continue to next page”   
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Section 3: Comorbid Illnesses Data 

 

Question: “Other Health Conditions: Do you currently have, or have you ever had or 

been treated for, any of the following (please select a response for each condition):”  

 

Response options:  

 Yes No Don’t know 

Heart attack    

Heart failure    

Coronary bypass surgery    

Hypertension (high blood pressure)    

Stroke or transient ischemic attack (TIA)     

Poor kidney function    

History of another type of cancer     

Blood clots    

Asthma    

Emphysema, chronic bronchitis, or obstructive lung 

disease 

   

Stomach ulcers or peptic ulcer disease    

Diabetes    

Moderate to severe arthritis    

Alzheimer’s disease or other dementia    

Cirrhosis or serious liver damage    

Hearing loss or impairment    

Visual loss or impairment     

Degenerative joint disease     

 

“Please continue to next page”  
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Section 4: Decision Making for All Patients 

 

Question: “Have you made a decision regarding treatment for your cancer in the past 3 

months?” 

Response options:  

 Yes 

 No 

 

If response is “No”:  

 

Question: “Please indicate the reason why you did not make a decision regarding 

treatment for your cancer in the past 3 months:  

Response options:  

 Recently diagnosed but still undecided about treatment 

 Decided about treatment prior to 3 months ago 

 Decided on no treatment  

 Other reason 

 

“You are done with this questionnaire. Thank you for participating in this important 

research project.”   
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Section 5: Decision-Making for Patients Who Had Made a Treatment 

Decision in Prior 3 Months 

  

If response is “Yes”:  

 

Question: “In making your decision, did you discuss with your physician participation 

in a clinical trial as part of your treatment?”  

<The following text was provided to describe a clinical trial>  

“What is a clinical trial? Clinical trials are carefully controlled scientific research studies 

to test new treatments for people with cancer. The goal of this medical research is to find 

better ways to treat cancer and improve the lives of cancer patients. Clinical trials test the 

safety and potential benefits of new treatments before they are approved for widespread 

use. They investigate many types of approaches such as new drugs, new surgical or 

radiological procedures, and new ways to reduce the side effects of treatment. All 

medications, procedures, and treatments currently used were once investigated in 

clinical trials.”  

Response options:  

 No 

 Yes, but not offered participation in a clinical trial  

 Yes, and was offered participation in a clinical trial 
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Section 6: Attitudes toward Clinical Trials among Patients Who Did Not 

Discuss a Clinical Trial with Their Physician, or Who Discussed a Clinical 

Trial with Their Physician but Were Not Offered Participation in a Clinical 

Trial 

 

If response is “No” or “Yes”, but not offered participation in a clinical trial:   

 

Question: “Would you have been interested in participating in a clinical trial if you had 

been offered one?” 

Response options:  

 Yes 

 No 

 Don't Know 

 

Question: “Do you believe patients get better treatment when they are in a clinical 

trial?” 

Response options:  

 Yes 

 No 

 Don't Know 

 

Question: “Do you think the treatment given in a clinical trial might be more difficult to 

tolerate than non-clinical trial treatment?”  

Response options:  

 Yes 

 No 

 Don't Know 

 

Question: “Do you think that a treatment trial sounds like a gamble?” 

Response options:  

 Yes 

 No 

 Don't Know 
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Question: “Do you think a clinical trial might involve extra inconvenience?” 

Response options:  

 Yes 

 No 

 Don't Know 

 

Question: “Do you worry about how your treatment would be paid for on a clinical 

trial?” 

Response options:  

 Yes 

 No 

 Don't Know 

 

Question: “You may not have been offered participation in a clinical trial because you 

were not eligible for an available trial; that is, you did not meet the health criteria for 

participation in the trial. As far as you know, did any of the following reasons prevent 

you from being offered participation in a clinical trial? (check all that apply)”  

Response options:  

 I had a previous cancer.  

 I have two different types of cancer.  

 I am not feeling well enough to participate.  

 I have another illness (noted previously under “other health conditions”).  

 Other reason (specify):  

 None of the above 

 

“You are done with this questionnaire. Thank you for participating in this important 

research project.”  
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Section 7: Treatment Profiles and Attitudes toward Clinical Trials in 

Patients Who Participated in a Clinical Trial 

 

If response is “Yes”:  

 

Question: “Did you decide to participate in a clinical trial?”  

Response options:  

 Yes 

 No 

 

If response is “Yes”:  

 

Question: “What type of trial are you currently participating in or will be participating 

in?”  

Response options:  

 Phase I:  Researchers test a new drug or treatment in a small group of people 

for the first time to evaluate its safety, determine a safe dosage range, and 

identify side effects. 

 Phase II or pilot:  The drug or treatment is given to a larger group of people 

to see if it is effective and to further evaluate its safety. 

 Phase III: The drug or treatment is given to large groups of people to compare 

it to commonly used treatments, as well as to confirm its effectiveness, monitor 

side effects, and collect information that will allow the drug or treatment to be 

used safely. 

 Don't know 

 

 

Question: “What type of treatment are you currently receiving or will be receiving as 

part of the clinical trial? (Check all that apply)”  

Response options:  

 Surgery 

 Radiation therapy 

 Hormonal therapy 

 Chemotherapy  

 Targeted therapies (ie monoclonal antibodies, enzyme inhibitors, or 

angiogenesis inhibitors) 

 Other 

 Don't know 
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Question: “Do you believe patients get better treatment when they are in a clinical 

trial?”  

Response options:  

 Yes 

 No 

 Don't know 

 

Question: “Do you think the treatment given in a clinical trial might be more difficult to 

tolerate than non-clinical trial treatment?” 

Response options:  

 Yes 

 No 

 Don't know 

 

 

Question: “Do you think that a treatment trial sounds like a gamble?” 

Response options:  

 Yes 

 No 

 Don't know 

 

Question: “Do you think a clinical trial might involve extra inconvenience?”  

Response options:  

 Yes 

 No 

 Don't know 

 

Question: “Do you worry about how your treatment will be paid for on a clinical trial?”  

Response options:  

 Yes 

 No 

 Don't know 
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Question: “Do you know who sponsors the trial?”  

Response options:  

 Government 

 Industry or pharmaceutical company 

 Other 

 Don't know 

 

 

“You are done with this questionnaire. Thank you for participating in this important 

research project.”  

 

 

“If you answered NO, please continue to next page.”  
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Section 8: Reasons for Not Participating in a Clinical Trial among Patients 

Who Were Offered a Trial But Declined to Participate 

 

“You indicated you did discuss with your physician the possibility of participating in a 

clinical trial as part of your treatment and were offered a trial, but you declined 

participation. We would like to ask you some questions about why you decided not to 

participate in a clinical trial. Answers to these questions will assist us in better 

understanding patient attitudes and concerns about clinical trials, which could help to 

better design research studies.” 

 

“Please indicate true or false and, if true, the extent to which the following reasons 

influenced your decision not to participate in a clinical trial.  

 

At the time I decided against being in a clinical trial:  

  

 

 

For me… 

If a reason was True for you, please 

rate how important that reason was 

in your decision not to participate in 

a clinical trial 

  

False 

 

True 

 

NA 

Very 

Important 

Somewhat 

Important 

Not 

Important 

1 – I was concerned that the 

treatment offered by the 

clinical trial had too many side 

effects.  

      

2 – I was not sure that any of 

the treatments were right for 

my cancer.  

      

3 – I did not want one of the 

treatments that was part of the 

clinical trial.  

      

4 – The consent form did not 

answer my questions about 

treatment risks and side 

effects.  

      

5 – The doctor did not 

convince me that any of the 

study treatments would be 

good for me.  

      

6 – The nurse did not convince       
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me that any of the study 

treatments would be good for 

me.  

7 – My doctor recommended 

against participation in a 

clinical trials.  

      

8 – I did not really trust the 

medical staff where I was 

treated 

      

9 – I did not trust the quality 

of the treatment provided 

where I was treated 

      

10 – My family was against my 

participating in a clinical trials.  

      

11 – My friends were against 

my participating in a clinical 

trial.  

      

12 – I did not like the idea that 

a research protocol would say 

what my treatment would be.  

      

13 – I thought that by being on 

a clinical trial I would get 

worse treatment and follow-up 

care.   

      

14 – I thought that my 

participation would not 

advance the science of cancer 

treatment.  

      

15 – I thought that I would not 

benefit personally from the 

study.  

      

16 – I thought that my 

participation in a clinical trial 

would not help my children or 

future generations.  

      

17 – I thought I would not 

receive enough information 

about my cancer and its 

treatment on a clinical trial.  

      

18 – I was concerned about       
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how my treatment would be 

paid for if I was on a clinical 

trial.  

19 – Information I had 

received on the internet or 

from media reports made me 

concerned about getting 

treated on a clinical trial.  

      

20 – I thought that being on a 

clinical trial would be a burden 

for my family.  

      

21 – Getting to and from the 

clinical center for treatment 

would be a problem for me.  

      

22 – The tests and procedures 

for a clinical trial would take 

too much time and effort.  

      

23 – The study requirements 

might delay the start of 

treatment.  

      

24 – I did not like the idea of 

being randomly assigned to a 

treatment.  

      

25 – The consent form was 

confusing.  

      

 

“You are done with this questionnaire. Thank you for participating in this important 

research project.”  

 

(Note: For the analysis, items 10 and 11 were combined.)  
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Chapter 3 

COMPARISON OF SURVIVAL OUTCOMES AMONG CANCER 

PATIENTS TREATED IN AND OUT OF CLINICAL TRIALS 

 

 

3.1 INTRODUCTION 

Randomized cancer clinical trials represent the final step in evaluating the 

efficacy of new treatments. However, utilization of clinical trials as a vehicle for 

delivering cancer treatment is low (<3%).1,2 Reasons for low rates of clinical trial 

participation are numerous.3-5 Sometimes trials may not be available for patients willing 

to participate; or, when they are available, patients are often excluded due to not meeting 

eligibility criteria.6-9  

Eligibility criteria are designed to meet the stated objectives of the trial, and must 

satisfy two opposing factors.10 They must be sufficiently narrow to establish a 

homogeneous sample, so that the effect of treatment is roughly consistent across the 

cohort. Eligibility criteria that are too broad risk including patients for which the 

treatment is not optimal, which could mask the overall treatment effect. Eligibility 

should also be sufficiently broad in order that the results are generalizable to a broader 

population. One possible difference between trial and non-trial patients is that trial 

eligibility criteria rule out poor prognosis patients with prior comorbid conditions. Yet if 

the trial cohort is otherwise representative of the general cancer population with respect 
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to cancer histology and stage, any differences in survival induced by ruling out poor 

prognosis patients may not endure over time.  

Despite attempts by clinical trialists to establish equipoise between homogeneity 

and generalizability, clinical trials are sometimes criticized in particular for sacrificing 

generalizability.11 To assess generalizability in a systematic fashion, we evaluated 

whether presenting characteristics and survival outcomes for patients on the standard 

arms of a large series of randomized phase III cancer clinical trials were representative of 

outcomes in patients receiving non-clinical trial treatment.  

 

3.2 METHODS  

Cancer clinical trial data were from SWOG, formerly the Southwest Oncology 

Group, a national clinical trials consortium sponsored by the National Cancer Institute. 

Non-trial data were from the Surveillance, Epidemiology, and End Results (SEER) 

registry,12 which registers cancer patients from geographic regions representing 26% of 

the US population.  

A survey of studies from the SWOG historical phase III database over a 25 year 

period (1987-2011) was conducted. The SWOG study must have been a published 

randomized phase III study and must have had up-front randomization in order to avoid 

post-registration filtering of patients prior to receipt of standard treatment, since such 

filtering could not be reproduced using SEER data. Data to replicate the essential 

primary site, histology, and stage specifications from the SWOG study must have been 

available in SEER. Staging criteria included both TNM staging and, where appropriate, 
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surgical and nodal staging. Studies which relied on tumor characteristics not available in 

SEER were excluded. SWOG studies of patients with recurrent disease were excluded 

since SEER indexes reported cases according to first diagnosis of a unique tumor type. 

Positive SWOG studies for which a trend towards improved survival over time was 

evident in corresponding cancer population patients were also excluded. Finally, 

corresponding SEER patients must have had a diagnosis date during the SWOG study’s 

enrollment period. Assuming the SWOG standard arm represented standard-of-care in 

the general cancer population during the study enrollment period, this allowed 

comparison between trial and non-trial patients with approximately similar treatments. 

The age limits specified in SWOG study eligibility were applied to the corresponding 

SEER datasets.   

 

Statistical Considerations 

Comparisons between SWOG and SEER patients with respect to demographic 

factors and stage were conducted across the panel of SWOG studies. Demographic 

factors were age (<65 years vs. >65 years), sex, and race (African American vs. white vs. 

other). For a given study, stage was split into two categories based on the closest 

categorization to the median value (i.e. >median stage vs. <median stage). In some 

instances, further distinctions by stage were not feasible (i.e. metastatic disease only). To 

test whether there was a global trend in SES or demographic rates across the panel of 

studies, the study-specific rates for both SEER and SWOG were converted to z-scores 
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(one for each study), and a one-sample t-test was conducted on the difference in the z-

scores between SEER and SWOG.  

Kaplan-Meier plots were generated to explore patterns of survival between SEER 

and SWOG patients across the panel of studies.13 Cox regression was used to estimate the 

hazard ratio and 95% confidence intervals for the impact of trial participation, 

accounting for the demographic factors, stage, and year of enrollment.14 Studies were 

categorized as good vs. poor prognosis based on average 2-year Kaplan-Meier survival 

estimates, split at 50%.  

To further explore differences in survival patterns, SWOG and, separately, SEER 

patients were combined across the panel of studies, by prognosis. To construct an 

equally-weighted sample, a random sample of 50 patients from each SWOG study and 

each corresponding SEER cohort was selected. This process was averaged across 1000 

repeat random samples. Kaplan-Meier plots and corresponding smoothed hazard 

functions (using Kernel-based methods) of the aggregate datasets were examined.15-17  

The contributions of cancer-related and non-cancer-related deaths to survival 

patterns were investigated using the same aggregate datasets. SEER codes cause-of-

death (COD) according to the International Classification of Diseases (ICD-10). In 

SWOG, a death was deemed cancer-related if it followed a documented cancer 

progression. SWOG rates were adjusted using COD data available for a subset of 

patients. (See the Appendix for further details).   

Finally, we assessed the extent to which study factors determined variation in 

survival outcomes. We estimated components of variation of the factors by comparing 
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the log-likelihoods from nested models. We took the average of both forward and 

backward nesting approaches, with factors rank-ordered for model inclusion according 

to their chi-square statistic in a multivariable model.  

All analyses were limited to survival in the first five years after diagnosis in order 

to emphasize outcome related to cancer and its treatments. Two-sided p-values are 

reported. 

 

3.3 RESULTS  

Study Selection  

We examined 102 SWOG studies. Of these, 64 were initially excluded (Figure 

3.1). Of the remaining 38 studies, 17 were excluded due to inadequate SEER data on 

essential tumor characteristics.   

 

Study Profiles and Eligibility  

Twenty-one studies (21/38=55%) met the specified study inclusion criteria (Table 

3.1).18-38 The study sample included both early and late stage cancers from a range of 

cancer types. A total of 5,190 SWOG patients and 69,187 SEER patients were analyzed. 

Among SWOG patients, 36% were from academic centers, 33% were from local affiliates 

to academic centers, and 31% were from community-based sites. Enrollment spanned 21 

years, from 1987-2007.   
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Table 3.2 summarizes additional eligibility criteria from the SWOG study that do 

not specifically pertain to histology or tumor characteristics. The minimum age was 18 

for several but not all studies. Nearly all SWOG studies excluded patients with prior 

malignancies; for comparability, only SEER patients with first primaries were included. 

None of the remaining criteria in Table 3.2 could be accounted for using SEER 

data. Nearly all studies had prior systemic therapy exclusions, and nearly all studies 

required adequate kidney, liver, and hematologic function. The majority of studies 

required no current evidence or history of cardiac dysfunction. The maximum 

performance status – a measure of a patient’s activity level – was 1 in 8 studies, 2 in 8 

studies, 3 in 4 studies, and unspecified in one study. Other common exclusion criteria 

included other serious medical conditions, diseases, or active infections.  

The mean total number of eligibility criteria for a given study was 16.1. The 

majority of eligibility criteria were related to comorbidity or performance status, with a 

mean of 9.8 per study (60% of total).   

 

Demographic Factors and Stage  

Figure 3.2 shows horizontal barplots of the difference between SEER and SWOG 

patients for each demographic and stage factor. The SEER cohort was consistently more 

likely to be older and, to a lesser degree, female, but there were no panel-wide trends in 

the proportion of patients with higher stage or African-American race. 
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Overall Survival Comparisons between SWOG and SEER  

The forest plot in Figure 3.3 shows both univariate (unadjusted) and 

multivariable (adjusted) hazard ratios comparing overall survival between SWOG and 

SEER cohorts, in descending order of average 2-year survival. Eleven studies had 

average 2-year survival of >50% (“good prognosis”) and 10 studies had 2-year survival of 

<50% (“poor prognosis”). For none of the good prognosis studies did survival for SWOG 

patients differ significantly from survival for SEER patients in multivariable analysis, 

whereas for 9 of 10 poor prognosis studies, SWOG patients had statistically significantly 

greater risk of death (p<.0001). Results by prognosis based on univariate analyses were 

similar though not as extreme (p=.002).   

 

Differences in Aggregate Survival Patterns between SWOG and SEER 

Patients 

Examination of the individual study-specific survival curves (Figure 3.4) 

indicated a frequent pattern of an early survival advantage for SWOG patients that 

waned over time for both early and late stage cancers. To further examine this, Kaplan-

Meier plots of overall survival, and the corresponding smoothed hazard functions, were 

plotted using an aggregate dataset as described in the Methods (Figure 3.5). For both 

good and poor prognosis patients, the hazard function for SWOG patients started low, 

then increased, reaching a maximum around Year 1 and nearly merging with the hazard 

function for SEER patients. Thus the influence of trial participation on survival patterns 

endured only for one year.  
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Average Effect Accounting for the First Year Survival Difference   

For good prognosis patients, the mean of the multivariable hazard ratios for 

overall survival comparing SWOG to SEER patients shown in Figure 3.3 was not 

statistically different from 1.0 (mean=0.96, 95% CI: 0.92-1.01, p=.12). We analyzed the 

subset of patients who survived one year using conditional survival analysis. The results 

were similar (mean=1.05, 95% CI: 0.96-1.14, p=.22). On the other hand, for poor 

prognosis patients, the mean of the multivariable hazard ratios shown in Figure 3.3 was 

much less than 1.0 (mean=0.74, 95% CI: 0.64-0.84, p=.0003). Conditioning on one year 

survival, this difference was no longer evident (mean=1.05, 95% CI: 0.95-1.15, p=.27), 

reinforcing the observation that the impact of trial participation endured for only about 

one year.  

 

Analysis of Cancer-Specific and Non-Cancer-Specific Events  

The proportion of patients experiencing cancer-related and non-cancer-related 

deaths – relative to the number of patients at risk – was analyzed by year. Non-cancer-

related deaths were lower in SWOG patients, although this difference was small and 

relatively stable across all five years of follow-up (Figure 3.6). In contrast, cancer-related 

deaths were notably lower in the first year in SWOG patients, but similar to SEER 

patients in later years. Therefore the difference in the patterns of death for trial vs. non-

trial patients between Year 1 vs. Years 2-5 is largely attributable to different patterns of 

cancer-related deaths.   
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Attributable Variation   

In the non-sex-specific studies, disease and stage explained 92.2% of the 

variation in survival outcomes, followed by age (5.2%), trial participation (1.5%), race 

(0.6%), and sex (0.5%). In the first year only, estimates of variation in survival outcomes 

attributable to disease and stage was 88.4% and to trial participation was 4.9%, 

compared to 92.7% and 1.2%, respectively, after one year.   

3.4 Discussion   

Short term estimates (e.g. <1 year) of absolute survival probabilities from clinical 

trials are more likely than not to be optimistic, especially for poor prognosis diseases. 

Patients and physicians who use clinical trial results to assist in making treatment 

decisions should be aware of this phenomenon. Better short-term survival for trial 

patients is likely related to the exclusion of sicker patients from trials through eligibility 

criteria pertaining to comorbidity and performance status. These exclusions also resulted 

in trial cohorts that were notably younger, as previously observed.39 In contrast, long-

term survival patterns (e.g. >1 year) for trial patients appeared similar to those for 

patients in the general cancer population.  

We did not explicitly assess whether the treatment effect in a clinical trial 

translates (i.e. generalizes) to the broader cancer population. Such a study would be 

difficult, since it would require a comparison between experimental and standard arm 

treatments occurring in the general cancer population at the same time as the clinical 

trial is conducted. However, similar standard arm outcomes beyond the first year 



 57 

improve confidence that efficacy of treatment in a trial translates to the real world 

setting, in particular for good prognosis malignancies, for which the differences in 

standard arm survival in the first year comprise a smaller portion of overall followup. In 

the classic definition of confounding, if trial participation is only weakly or transiently 

related to survival outcomes from treatment, the confounding influence of trial 

participation on the association between treatment and outcome will be limited.   

Given the difficulty in assessing the generalizability of the treatment effect, 

studies in the literature also focus on presenting characteristics and absolute survival 

differences between trial and non-trial patients. The most reliable way to establish the 

causal relationship between trial participation and outcome would be to randomize 

patients to be offered a clinical trial vs. not offered a clinical trial.40 Such a study would 

be practically and ethically difficult. Instead, the literature is based on observational 

studies. In these, identification of the appropriate non-trial control group is crucial to 

inference, since any observational design will be limited by unmeasured confounding, 

whether trial patients are compared to eligible non-trial controls (bias with respect to 

factors associated with refusing trial participation), ineligible controls (bias with respect 

to prognosis), or population controls (multiple biases).40 These studies most often 

focused on single trial vs. non-trial comparisons, raising the issue of subjective study 

selection.  

Both Peppercorn et al. and, separately, Edwards et al. have reviewed the 

historical literature.40-41 Both found that a majority of comparisons from cancer studies 

showed evidence of better outcomes for trial patients, with no evidence of harm. 

Peppercorn concluded there was no strong evidence of a benefit for trial patients, in part 
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due to methodological issues with the non-trial comparator groups, while Edwards 

concluded there was positive, albeit weak, evidence that participation in trials improves 

outcomes. The conclusions from other reviews, and recent individual studies, range from 

strong evidence, to no evidence, that trial participation is related to improved 

outcome.42-45 

The inconclusive picture offered by the literature could be related to the transient 

impact of trial participation on survival found in this study. We re-examined the cancer 

studies included in two prior reviews.40-41 Studies were categorized as good or poor 

prognosis as defined in this study. In total, there were 36 comparisons from 27 studies 

(see Table 3.3).46-72 Fifty-six percent of good prognosis studies showed univariate or 

multivariable evidence of survival benefit for trial patients, compared to 82% of poor 

prognosis studies, a pattern consistent with, but not as extreme as, the pattern found in 

this study. A similar pattern was found among comparisons that included multivariable 

analyses only46,48,50-57,59-61,66-69 and adult cancers only.46-56,59,60,63-65,71,72 This assessment is 

limited by the inclusion of analyses with different methodologies compared to the 

approach used in this study, including different factors in the multivariable models and a 

heterogeneous set of comparator groups. 

The differences in overall survival between trial and non-trial patients in this 

study may be due in part to a “trial effect” – that is, an implicit benefit of trial 

participation.73 Since this study included only standard arm treatments, we can rule out 

a benefit due to superior experimental therapies. Trial patients could also benefit from 

changes in behavior or outlook associated with being under observation,73 although that 

is less likely to impact survival. Trial patients could benefit from care that is 



 59 

administered according to strict protocol.74 Alternatively, trial patients may exhibit 

better outcomes because eligibility criteria (see Table 3.2) prevent sicker patients from 

enrolling on study. These enrollment restrictions appear to primarily limit early cancer 

deaths. Unfortunately, most of the eligibility factors in Table 3.2, the majority of which 

relate to comorbidity or performance status, could not be replicated using SEER data. 

Therefore, the extent to which the survival differences are related to a trial effect and/or 

patient selection cannot be estimated with these data.  

We were unable to account for obesity and socioeconomic status, both of which 

have been associated with higher cancer-specific mortality,75-78 since these variables 

cannot be derived from SEER data. In addition, the actual treatments of the non-trial 

control patients were unknown. It is inevitable that not all non-trial patients in SEER 

received standard-of-care for their histology and stage, and may have received no 

treatment. Further, a different composition of physicians involved in trial participation 

might impact outcomes; however, about 2/3 of SWOG patients in this analysis were from 

community or affiliate institutions, indicating a broad spectrum of physicians. The use of 

different databases with different methods of data collection may induce different 

patterns of endpoint assessment. This is likely less of an issue for overall survival than 

for cancer-specific events. Finally, these results may not apply to other clinical settings 

(i.e., screening).  

This study also has particular strengths compared to prior studies. The approach 

of systematically examining an entire cooperative group Phase III clinical trial database 

limited potential subjective selection of studies. It also provided a large panel of studies 

for comparison. Because these studies were from the same cooperative group, other 



 60 

potential sources of variation (e.g., data collection methods, payment methods, study 

designs) were implicitly controlled for. These advantages allowed us to aggregate data 

across studies and thus distinguish the different behaviors of the survival functions 

between trial and non-trial patients.   

These results may serve as a stimulus to design randomized trials with less strict 

eligibility criteria. In the panel of studies we analyzed, eligibility pertaining to comorbid 

conditions comprised approximately 60% of all criteria. Despite this, histology and stage 

were primarily determinative of survival outcomes, even in the first year when the 

influence of trial participation was strongest. Eligibility criteria in clinical trials are 

clearly required to maintain patient safety, however consideration should be given to 

relaxing or eliminating criteria where possible. One concern is that broader eligibility 

will introduce heterogeneity into the clinical trial cohort, which could reduce statistical 

power. However, since histology and stage are the dominant predictors of outcome, 

sufficient homogeneity will be retained even if less impactful criteria are softened. 

Expanding eligibility would have the further advantage of increasing access to clinical 

trials for a broader cross-section of patients. Ultimately, identification of only a transient 

survival benefit associated with trial participation improves confidence in the 

generalizability of clinical trial treatment results.   
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Table 3.1: SWOG Studies Included for Comparison to SEER  
 

SWOG Criteria Corresponding SEER Criteria 

Cancer:  
Study No. 

Years of 
Accrual 

Histology Major Tumor Characteristic 
Criteria from SWOG Studies1 

SWOG N SEER N ICD-O-3 
Primary Site 

Histology 
Code 

Brain 

S0001 

01-05 Glioblastoma 
multiforme/ 
gliosarcoma 

 Biopsy or surgical resection 
prior to registration 

89 2264 C710-725 9440-9444  

 

Breast 

S9313 

94-97 Adenocarcinom
a2   

 Stage T1-3, N0, M0 (selected 
stages I-III; no locally 
advanced disease)  

 Axillary dissection required 

 >6 nodes removed and 
examined 

 <3 positive nodes 

 Tumor >2cm and ER/PR (-) 
or (+); or, 1-3 (+)  axillary 
nodes 

 Prior mastectomy or breast 
sparing surgery 

1423 9941 C500-509 8500-8530 

 

Breast  

S0012 

01-05 Locally 
advanced or 
inflammatory 
breast 
carcinoma 

 Stage IIB-IIIB (M0)  391 2855 C500-506, 
C508-509 

Any 

GI-Gastric 

S9008 

91-98 Adenocarcinom
a3  

 Stage IB-IV (M0) 

 Prior en bloc surgery 

283 2487 C150-155, 58-
66, 68-69 

8140-8800 

GI-Pancreas 

S0205 

04-06 Adenocarcinom
a4 

 Locally advanced (not 
surgically resectable, i.e. no 
prior surgery) or metastatic 

82 1943 C250-254, 
C257-259 

8140 
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disease  

GU-Bladder 

S8710 

88-97 Transitional 
cell carcinoma 

 Stage T2-T4A (no metastasis)  148 2377 C670-679 8120-8124 

GU-Bladder 

S8795 

88-92 Transitional 
cell carcinoma 
(including 
papillary) 

 Stage Ta-T1 and Grade I-IV 

 Completely resected 

191 5059 C670-679 8120-8124, 
8130 

GU-Prostate 

S8894 

89-94 Adenocarcinom
a 

 Stage D2  534 5961 C619 8140 

GU-Renal 

S8949 

91-98 Carcinoma  Metastatic 

 No nephrectomy (standard 
arm) 

95 1569 C649 8312 

GYN-Cervix 

S8797 

90-96 Squamous cell 
carcinoma, 
adenocarcinom
a, or 
adenosquamou
s carcinoma 

 Stages IA2, IB, or IIA  

 Radical hysterectomy with 
total pelvic lymphadenectomy 

 Positive pelvic or parametrial, 
and negative para-aortic, 
nodal involvement 

130 137 C530-531, 
C538-539 

8070-8, 
8140-7, 
8260-3, 
8310-84, 
8560-62 

LEUK-AML 

S9031 

91-94 AML  FAB classes M0-M2, M4-M7 
(excluded M3s beginning in 
August, 1992)  

85 1672 C420-1, C424 9801, 9840, 
9861, 9866-7, 
9871-74, 
9891, 9896, 
9910 

LEUK-AML 

S9333 

95-98 AML  FAB classes M0-M2, M4-M7 
(excluded M3s) 

129 2320 C420-1, C424 9801, 9840, 
9861, 9867, 
9871-74, 
9891, 9896, 
9910 

Lung-NSCLC 

S8738 

88-90 Squamous cell 
carcinoma, 
adenocarcinom

 M1 disease (including lung 
metastasis). Exclude patients 
with mets only to ipsilateral 

94 4084 C340-3, 
C348-9 

8012, 8070-
78, 8140-47 
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a, and large cell 
carcinoma 

hilar nodes (N1) and/or 
mediastinal nodes (N2) or 
supraclavicular nodes (N3) 
ONLY   

Lung-NSCLC 

S9308 

93-95 Any NSCLC   Stage IIIB (based on positive 
pleural effusions or ipsilateral 
lung involvement) or Stage IV   

178 4755 C340-3, 
C348-9 

8012, 8046, 
8070-8, 
8140-7, 
8240-50, 
8560,  9050-
3 

Lung-NSCLC 

S9509 

96-97 Any NSCLC 
(except 
bronchioalveol
ar)  

 Stage IIIB with either 1) T4 
disease due to malignant 
pleural effusion; 2) multiple 
lesions in a single lobe 
containing a T3 or T4 
primary; or 3) lesions in 
multiple lobes of the 
ipsilateral lung for which one 
such lesion is T3 or T4;5 or 
Stage IV 

205 4817 C340-3, 
C348-9 

8012, 8046, 
8070-8, 
8140-7, 
8240-9, 
8560, 9050-3  

Lung-NSCLC 

S9900 

99-04 Any NSCLC  Selected Stages IB (T2N0), II 
(T1-2, N1; or T3N0), or IIIA 
(T3N1) 

 Limited to surgery type 
specified in protocol: 
lobectomy, sleeve resection, 
bilobectomy, or 
pneumonectomy (excludes 
limited resection or NOS)   

168 829 C340-3, 
C348-9 

8012, 8046, 
8070-8, 
8140-7, 
8240-50, 
8560,  9050-
3 

Lung-NSCLC 

S00036 

00-02 Squamous, 
adeno-, large 
cell, or NSC-
NOS carcinoma 

 Use newly diagnosed, selected 
Stage IIIB (based on positive 
pleural effusions) or Stage IV 

165 7727 C340-3, 
C348-9 

8012, 8046, 
8070-8, 
8140-7 
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Lung-SCLC 

S0124 

02-07 Any SCLC  Extensive disease 266 2790 C340-3, 
C348-9 

8041-5 

Melanoma 

S8642 

87-90 Any melanoma  Stage II (thickness >1.5, N0, 
M0) or III (any T, N1-2, M0)  

 Complete wide-excision of 
tumor (>1 cm margin)7 

96 738 C440-9 8720-72 

Melanoma 

S9035 

92-96 Any melanoma  Stage T3N0M0 (thickness 
1.51-4.00 mm or Clark IV if 
thickness unknown) 

 Complete wide-excision of 
tumor (>1 cm margin)7 

299 1347 C440-9 8720-72 

Myeloma 

S8624 

87-90 Multiple 
myeloma 

 Previously untreated  139 3515 C421 9732 

TOTAL 

21 Studies 

22 yrs 

(87-07) 

   

5190 

 

60187 

  

N=Sample size; ER=estrogen receptor; PR=progesterone receptor; GI=gastrointestinal; GU=genitourinary; 

GYN=gynecologic; LEUK=leukemia; AML=acute myeloid leukemia; FAB=French-American-British; NSCLC=non-small cell 

lung cancer; SCLC=small cell lung cancer 

1 – All criteria listed in the table were explicitly accounted for in SEER. Additional tumor characteristic criteria that could not 

be accounted for explicitly in SEER include: Brain, S0001) Patients with >3 non-contiguous sites are ineligible; GI-Gastric, 

S9008) No ascites; no peritoneal seeding; no liver metastases or extra-abdominal metastases; GU-Bladder, S8710) >1 kidney 

and proximal ureter free of tumor and all other disease resectable; GU-Bladder, S8795) No recurrent tumor on cystoscopy 

within 4 weeks if first TURBT >4 weeks prior to registration; and, random biopsy or a negative urinary cytology; GU-Renal, 

S8949) Primary cancer must be amenable to surgery if patient did not otherwise have metastatic disease; Leukemia-AML, 

S9031 and S9333) Exclude blastic transformation of chronic myelogenous leukemia; Lung-NSCLC, S9509) Exclude Stage IIIB 

tumors involving the superior sulcus; Lung-NSCLC, S9900) No patients with symptomatic tumors (T3,N0-N1) involving the 

superior sulcus; Melanoma, S9035) Lympadenctomy must have resolved; patients with suspicious nodes must have regional 

lymph node dissection with negative nodes; Myeloma, S8642) Specific protein criteria; and, patients with IgM myeloma not 

eligible. 
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2 – Excluding tubular, mucinous, papillary, sarcoma, lymphoma, apocrine, adenocystic, or squamous cell carcinoma; ductal 

or lobular carcinoma in situ allowed if 1-3 positive nodes. Patients with tumor >1cm and ER/PR(-) excluded from both SWOG 

and SEER datasets due to lack of ER/PR data in SEER during the study period.   

3 – Stomach and esophagogastric junction 

4 – Exclude endocrine tumors, lymphoma of pancreas, or ampullary cancer  

5 – For IIIB definition in SEER, simplified as IIIB with T3 or T4 extent-of-disease.  

6 – Although S0003 allowed recurrent patients, these were excluded. Comparison to SEER relied on newly diagnosed patients 

only.  

7 – Detailed surgical resection criteria were specified.  
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Table 2.2: Eligibility Criteria for SWOG Clinical Trials  

Cancer Type 
and Study 
Number 

Min 
(Max)
Age  

No 
Prior 
Cancer1 

Prior 
Treatment 
Exclusions 

Organ 
Function 
Criteria2 

Max
PS3 

Other 
PS 

Pregnant/ 
Contra-
ception 

Serious 
Medical 
Condition4 

H
I
V 

Prior 
TX 
Timing 

Other 
on-
study 
therapy 

No 
Brain 
Mets 

Study 
Drug 
Allergy 

Scan 
Timing 

Other 5 

Brain, S0001 18 X Ch, RT K, P 2  X X X  X  X X 0 

Breast, S9313 NS  Ch, R, S K, L, H, C  LTFU X X  X    X 1 

Breast, S0012 NS X Ch, Hr, RT, 
S 

K, L, H, C 2  X  X  X   X 0 

GI-Gastric, 
S9008 

NS X Ch, B, RT K, L, H 2  X X  X    X 1 

GI-Pancreas, 
S0205 

NS X Ch K, L, H, C 2  X  X X X X  X 0 

GU-Bladder, 
S8710 

NS X RT6 K, L, H, C 1 Cure X X  X    X 1 

GU-Bladder, 
S8795 

NS X Ch K, L, H 2 LE X   X X   X 1 

GU-Prostate, 
S8894 

NS X Ch, Hr, B K, L, H 3   X   X   X 0 

GU-Renal, 
S8949 

NS X Ch, Hr, B, 
RT7 

K, L, H, C 2  X    X X  X 0 

GYN-Cervix, 
S8797 

NS X Ch, Hr, B, 
RT6 

K, L, H 2   X  X    X 1 

LEUK-AML, 
S9031 

56 X Ch K, L, C 3  X       X 0 

LEUK-AML, 
S9333 

56 X Ch K, L, C 3  X       X 1 

Lung-NSCLC, NS X Ch K, H, C 2 LE X    X X  X 0 
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S8738 

Lung-NSCLC, 
S9308 

18 X Ch, B K, L, H 1  X X  X  X  X 1 

Lung-NSCLC, 
S9509 

18 X Ch, B K, L, H, C 1  X X    X X X 1 

Lung-NSCLC, 
S9900 

18 X Ch, RT K, L, H, P 1  X X   X  X X 1 

Lung-NSCLC, 
S0003 

NS X Ch, B K, L, H 1  X   X  X X X 0 

Lung-SCLC, 
S0124 

18 X Ch, RT8 K, L, H 1  X  X X    X 1 

Melanoma, 
S8642 

18 
(70) 

X Ch, Hr, B, 
RT 

K, L, H, C 1  X X   X   X 2 

Melanoma, 
S9035 

18 X Ch, Hr, B, 
RT 

K, L, H, C 1  X   X X   X 0 

Myeloma, 
S8624 

NS X Ch H9, C 3   X      X 1 

 

PS=Performance Status; Ch=Chemotherapy; Hr=Hormonal Therapy; B=Biologic therapy; RT=Radiation Therapy; 

S=Surgery; K=kidney; L=Liver; P=Pulmonary; H=Hematologic; C=Cardiac; NS=Not Specified; LTFU=Adequate health for 

Long Term Follow Up; CURE=potentially curable; LE=minimum life expectancy  

 

Only the first two criteria listed (age and prior cancer) were explicitly accounted for in SEER. All other criteria could not be 

accounted for based on SEER data. Eligibility criteria that related to comorbidity or performance status included prior 

treatment exclusions, prior malignancy exclusion, performance status, organ function status, HIV status, serious medical 

conditions, brain metastases, study drug allergy, and maximum age limit.  

 

1 – Typically requires no prior malignancy except adequately treated non-melanoma skin cancer, in situ cervical cancer, or 

other cancer for which the patient has been disease free for 5 or more years.  
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2 – Organ function criteria were based primarily on the following tests: for kidney, creatinine clearance and/or serum 

creatinine; for liver bilirubin, SGOT and/or SGPT; and for hematologic, white blood count and platelets. 

3 – Performance status is a measure of the patient’s well-being and activity level. In SWOG, the coding scheme is: 0 = 

asymptomatic or fully active; 1 = Symptomatic but completely ambulatory; 2 = Symptomatic but in bed <50% of day; 3 = 

Symptomatic, >50% in bed, but not bedbound; 4 = Completely disabled or bedbound.   

4 – Including active infections 

5 – Other eligibility criteria include: Breast, S9313) Patients with breast-sparing surgery must plan RT after chemotherapy; 

GI-Gastric, S9008) Good caloric intake of >1500/day required; GU-Bladder, S8710) Normal organ function required; GU-

Bladder, S8795) Must be at increased risk of papillary tumor recurrence; GYN-Cervix, S8797) No pelvic inflammatory disease; 

Leukemia-AML, S9333) Exclude if marrow unaspirable and WBC and blasts + promyelocytes + promonocytes outside normal 

limits; Lung-NSCLC, S9308) No >Grade 2 neuropathy; Lung-NSCLC, S9509) No >Grade 2 neuropathy; S9900) No >Grade 2 

neuropathy; Lung-SCLC, S0124) Prior brain metastases must have been treated; Melanoma, S8642) No known seizure 

disorder or known CNS disease; no prior organ transplant; Myeloma, S8624) Patients must have objective evidence, or be 

symptomatic from, AML.  

6 – Pelvic 

7 – Except palliative 

8 – Except brain 

9 – Based on M-component 
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Table 3.3: Main Results and Prognosis for Individual Studies Included 

in Reviews by Edwards et al. and Peppercorn et al.  

 

    Evidence 

Article1 Cancer Type Results2  Prognosis 
Group3 

Any (U 
or M) 

M4,5 

      Antman (E) 

JCO, 19856 

Sarcoma No U result; no SS difference in 
M DFS (p=.15); OS not reported  

Good No No 

Bertelsen (E) 

Br J Cancer, 1991 

Ovarian Difference in OS in U setting 
(p<.001) but not M setting 
w/same tx (p=.98) 

Good  Yes No 

Boros (P) 

Cancer, 1985 

AML Difference in OS in U setting 
(p<.001) and in M setting 
(p=.02)  

Poor Yes Yes 

Burgers (P) 

Br J Cancer, 2002 

SCLC No SS difference in OS in U (no 
p-value given); M not done  

Poor No - 

Cottin (P) 

Ann Oncol, 1999 

SCLC SS difference in the U (p=.01) 
but not M setting (unknown p-
value); adjusted for PS 

Poor Yes No 

Dahlberg (P) 

Ann Surg, 1999 

Rectal No differences between trial 
and non-trial pts of similar tx 
(surgery) 

Good No No 

Davis (B) 

Cancer, 1985 

NSCLC  SS difference in both U (p<.001) 
and M setting (p<.002) 

Good Yes Yes 

Dowling (P) 

J Urol, 2000 

Prostate  SS difference in U (p=.003) but 
not M setting after adjusting for 
PS (p=.42) 

Poor Yes No 

Feuer (P) 

JCO, 1994 

i) Testicular Minimal disease: SS diff in both 
U and M 

Good Yes Yes 

ii) 
Testicular 

Advanced disease: No diff in U 
or M 

Good No No 

Greil (P) 

Euro J Cancer, 
1999 

Hodgkin’s No difference in OS in either U 
(p=.67) or M (p=.65) settings  

Good No No 

Karjalainen (B) 

Br Med J, 1989 

i) Myeloma 1979-85: SS difference in favor 
of trial pts 

Good Yes Yes 

ii) Myeloma 1959-78: NS trend in favor of 
non-trial pts 

Good No No 

Lennox (B) 

Br Med J, 1979 

Wilms7 SS difference in OS in both U 
(p<.01) and M settings (p<.001)  

Good Yes Yes 

Link (P) Osteo- No difference in OS in U (no p- Good No - 
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NEJM, 1986 sarcoma7 value) 

Marubini (P) 

Lancet, 1996 

Breast SS in U setting (no p-value 
given) but not M setting (p=.50) 

Good Yes No 

Mayers (P) 

Cancer, 2001 

Breast SS in U setting (p=.02) but not 
M setting (p=.09) 

Good Yes No 

Meadows (P) 

Cancer Invest, 
1983 

ALL7 SS differences in U (p<.001) 
and M (no p-value) settings 

Good  Yes Yes 

MRC (E) 

Br Med J, 1971 

Leukemia7 Difference in OS (p-value not 
given) 

Poor Yes - 

Roy (P) 

Euro J Cancer, 
2000 

Hodgkin’s  No p-values given. OS appears 
worse for non-trial pts in older 
(>45) but not younger pts 

Good Yes - 

Schea (P) 

Radiology, 1995 

SCLC  SS difference in U (p=.002) Poor Yes - 

Schmoor (B) 

Stat Med, 1996 

Breast  

 

Trial 2) No difference in DFS in 
U 

Good No - 

Trial 3) NS DFS trend in favor 
of trial pts in U 

Good  No - 

Stiller (B) 

Arch Dis Child, 
1989 

ALL7 SS diff for both U (no p-value 
given) and M (p<.0001) 

Good Yes Yes 

Stiller (B) 

Arch Dis Child, 
1994 

AML7 

 

1975-83: U not done; SS diff in 
M (p<.001)  

Poor Yes Yes 

1984-88: U not done; No diff in 
M 

Good  No No 

Stiller (P) 

Arch Dis Child, 
1999 

ALL7 

 

1980-84: U not done; No in M 
(p=.62) 

Good Yes No 

1985-89: U not done; Yes in M 
(p=.02)  

Good Yes Yes 

1990-94: U not done; Yes in M 
(p<.0001) 

Good Yes Yes 

Stiller (P) 

Br J Cancer, 1999 

ALL7 No diff in U (p=.63)  Good No - 

AML7  SS diff in U (p=.04); in M, No in 
84-88, Yes in 89-94  

Poor Yes Yes 

Wagner (P) 

Med Ped Oncol, 
1995 

NHL7 SPOG v non-study: No SS  in U 
(p=.07) 

Good No - 

POG v non-study: SS diff in U 
(p<.0001) 

Good Yes - 

Ward (B)  

Br J Cancer, 1992 

Stomach 5/10 analyses were SS (p<.05; 
Table III) 

Poor Yes - 
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Winger (P) 

Ann Neurol, 1989 

Glioma SS in U (p=.00001) vs all non-
study pts 

Poor Yes - 

Glioma NS for U (p=.12) vs. all non-
study pts 

Poor No - 

SS = Statistically significant; U=Univariate; M=Multivariable; OS=Overall Survival; 

NR=Not reported; ACM=All cause mortality; AS=Actuarial survival; NHL=Non-

Hodgkin’s Lymphoma; AML=Acute Myeloid Leukemia; SCLC=Small Cell Lung Cancer; 

NSCLC=Non Small Cell Lung Cancer; tx=treatment; pts=patients  

1- “E” indicates article was included in Edwards et al., “P” indicates article was included 

in Peppercorn et al., and “B” indicates article was included in both reviews.  

2 - Results based on overall survival for all studies except Antman et al. and Schmoor et 

al.  

3 – Prognosis groups: Good prognosis is defined as >50% average estimated 2 year 

survival; Poor prognosis is defined as <50% average estimated 2 year survival.  

4 – Consistent with our own analysis, studies were categorized according to whether 

there was a statistically significant (p<.05) difference between trial and non-trial 

patients.   

5 – Among studies where multivariable analyses were conducted.  

6 – Based on full published article for the conference abstract cited by both authors.  

7 – Childhood cancer 
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38 Considered for 
Stage Comparison

102 Phase III 
Studies Examined

64 Excluded:
•33 closed early 
•12 still active or recently closed
•7 with second step randomization
•6 with non-survival endpoints
•6 with recurrent disease

17 excluded because SEER did not have 
essential staging criteria to replicate SWOG study

21 Studies Identified 
For Comparison (55%)

Figure 1: Study Identification Flow Diagram

 

Figure 3.1. Study identification flow diagram. One hundred two phase III SWOG 

studies were examined over the 25 year period 1987-2011. Among these, 64 were 

excluded from further consideration, 33 due to early closure (of which 30 were closed 

early due to poor accrual, two were closed early due to changed relationship with the 

drug manufacturer, and one was a positive study based on PFS), 12 were still active or 

recently closed, seven did not have up-front randomization, six had non-survival 

endpoints, and six were studies for recurrent disease. Of the 38 considered for 

comparison to SEER data, 17 were excluded because SEER did not have essential staging 

criteria to replicate the SWOG study. In the end, 21/38 studies (55% of those considered 

for stage comparison) were identified.  
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Figure 2: Difference in Stage and Demographic Rates, SEER vs. SWOG 

 

Figure 3.2. Differences in stage and demographic rates, SEER vs. SWOG. Horizontal 

barplots of the difference between SEER and SWOG patients for each demographic and 

stage factor, in descending order of the absolute difference in percentages between 

SWOG and SEER cohorts. The SWOG percentage is also shown in each figure. Bars to 

the right of center indicate a higher proportion in SEER, and to the left of center a higher 

proportion in SWOG. 
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Figure 3: Forest Plot of Univariate and Multivariate Hazard Ratios
For OS, by Study, in Descending Order of Avg 2-Year OSLine of Equal Hazard

(HR = 1.0)
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Figure 3.3. Forest plot of univariate and multivariate hazard ratios for overall survival, 

by study, in descending order of average 2-year overall survival. In univariate analyses, 

2/11 (18%) of good prognosis studies and 9/10 (90%) poor prognosis studies show 

evidence of a survival benefit for trial patients (p=.002 by Fisher’s exact test). In 

multivariable analyses, 0/11 of good prognosis studies and 9/10 poor prognosis studies 

show evidence of a survival benefit for trial patients (p<.0001).  
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Figure 3.4: Study-specific survival plots. Ordered in descending order of average 2 years survival. The dashed line indicates 

the 1-year followup timepoint.  
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Figure 3.5. Overall survival and hazard functions for aggregate study data, by prognosis.  
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Figure 5: Total, Cancer-Specific, and Non-Cancer-Specific Deaths
By Year of Follow-Up
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Figure 3.6: Total, cancer-specific, and non-cancer-specific deaths by year of follow-up. 
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3.5 Appendix: Analysis of Cancer-Related and Non-Cancer-Related 

Events  

The contributions of cancer-related and non-cancer-related deaths to survival 

patterns were investigated using the aggregate (equally weighted) datasets. SEER codes 

cause-of-death (COD) according to the International Classification of Diseases (ICD-10). 

In SWOG, a death was deemed cancer-related if it followed a documented cancer 

progression. SWOG also collected cause-of-death data beginning in 2001, and thus COD 

were also available for a fraction (11.2%) of SWOG cases.  

The proportion of patients experiencing cancer-related and non-cancer-related 

deaths – relative to the number of patients at risk – was analyzed by year using 

documented progression only. These proportions were then adjusted. In SWOG patients 

with COD data, we calculated the percentage of those without documented progression 

that were actually specified to have had a cancer-related death according to the COD 

data. The initial estimates based on documented progression alone were then adjusted 

(inflated) based on these estimates. This analysis was conducted separately by prognosis 

(good vs. poor).  

Figure 5 shows the pattern of events for both good and poor prognosis studies 

over time. For each of the first five years, the proportion of patients experiencing death 

of any kind, cancer-specific death, and non-cancer death – relative to the number of 

patients at risk in each year – is plotted for both SWOG and SEER patients. Consistent 

with the Kaplan-Meier survival plots in Figure 4, the total event rate is notably lower in 

SWOG patients in the first year. In Years 2-5, in contrast, the proportions of total events 
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in SWOG and SEER patients are more similar and are decreasing as the risk of death 

decreases. For both good and poor prognosis patients, the pattern of a relatively lower 

event rate for SWOG patients in Year 1 is mostly reflective of a diminished rate of cancer-

related deaths in Year 1; although non-cancer-related deaths are also lower in SWOG 

patients, this difference was small and relatively stable across all five years of follow-up. 

Indeed in good prognosis patients, the unweighted ratio of the rate of SEER cancer 

deaths to SWOG cancer deaths is 1.60 in Year 1, but is less than one – only 0.78 – in 

Years 2-5. For non-cancer deaths, the ratios are very similar whether in Year 1 (1.57) or 

Years 2-5 (1.52), indicating the pattern change over time occurs in cancer-related deaths 

only. A similar pattern held for poor prognosis cancers. In summary, the difference in 

the patterns of death for trial vs. non-trial patients between Year 1 vs. Years 2-5 is largely 

attributable to different patterns of cancer deaths.  
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Chapter 4 

 
THE DIFFUSION OF DOCETAXEL USE IN PATIENTS PRESENTING 

WITH METASTATIC PROSTATE CANCER 
 

 

4.1 INTRODUCTION  

The diffusion of new health care innovations can be inefficient, despite often 

ample evidence supporting the use of new treatments or procedures. For this reason, 

study of diffusion has been a major focus of agencies within the NIH.1 In cancer, the past 

several decades have witnessed the introduction of multiple new therapies. 

Unfortunately treatments with proven benefit sometimes permeate slowly through the 

treatment community,2 while in other cases, uptake of new drugs occurs prior to 

definitive evidence.3 Appropriate and rapid adoption of proven new cancer treatments 

could impact population survival.4,5  

Diffusion is the transmission of a new innovation over time within a social system 

and is driven by three factors: perceptions of the innovation, characteristics of adopters, 

and contextual factors (i.e., social ties).6,7 Perceptions of an innovation pertain to (often 

qualitative) assessments of the risks and benefits of the new innovation. Presentation of 

efficacy findings for a new drug at a scientific conference or in a journal influence the 

perception of a new treatment.8 Drugs with clearly positive benefit/risk ratios may be 

taken up immediately into clinical practice. One question is whether adoption follows 

definitive evidence of a new treatment in a phase III study. Finally, adopter 

characteristics can apply to patients as well as physicians. For instance, older patient age 



 88 

is associated with the diffusion of doxorubicin-based chemotherapy in patients with 

lymphoma, and with chemotherapy for advanced ovarian cancer.2,9  

Current primary treatment for patients with metastatic prostate cancer is 

androgen deprivation therapy (ADT), achieved most frequently in the form of luteinizing 

hormone-releasing (LHRH) antagonists,10 with response durations of 18-24 months.11,12 

Standard secondary therapy for patients with hormone refractory metastatic prostate 

cancer was mitoxantrone combined with prednisone following positive clinical trials in 

the 1990s.13,14 Mitoxantrone provided palliative relief but no survival benefit. More 

recently, docetaxel (Taxotere®) was shown to provide both pain relief and improved 

survival, though with higher levels of treatment toxicity. In 2004, docetaxel became the 

new standard of care.15,16 In this analysis, we investigated the association of drug efficacy 

information and patient socioeconomic status (SES) and demographic factors with 

diffusion patterns of docetaxel in metastatic prostate cancer.   

 

4.2 METHODS 

The linked SEER-Medicare database was the data source.17 The primary analysis 

included men >65 years diagnosed with metastatic prostate cancer from 1995-2007 

(inclusive). Medicare claims through 2008 were analyzed. To avoid attributing receipt of 

chemotherapy to another cancer, men must have had no other prior or subsequent 

cancers. To ensure that patients had a minimum amount of Medicare claims coverage, 

we required patients to have had continuous Medicare Parts A and B, with no HMO 

participation, for >1 years after diagnosis. 
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Receipt of chemotherapy was identified at any time after diagnosis using 

Medicare claims according to ICD-9 Healthcare Common Procedure Coding System 

(HCPCS) J-codes from hospital outpatient and physician reimbursement records. 

Hospital inpatient records were also used to identify diagnostic and surgical procedures 

for establishing comorbidity status.18,19 Docetaxel use was defined based on HCPCS J-

code J9170 (first implemented on January 1, 1998) and mitoxantrone use was based on 

HCPCS J-code J9293 (first implemented on January 1, 1990).20 Other potential 

chemotherapy types are shown in Table 4.1. Although docetaxel did not receive a J-code 

until 1998, we included metastatic prostate cancer patients diagnosed from 1995 onward 

to allow 3 years of follow-up time from diagnosis for those who received chemotherapy 

early in the period. Unspecified J-codes (J8999, J9999) were not used because they may 

identify unanticipated procedures.21   

 

Dependent Variable  

A challenge for this analysis is that prostate cancer patients who have failed ADT 

therapy (hormone failures) are the candidate population for chemotherapy. However, 

hormone failures are not explicitly identifiable using SEER data. Rather, SEER patients 

are indexed according to the stage of their presenting diagnosis (local, regional, or 

distant metastatic). Thus the denominator of patients with hormone refractory prostate 

cancer cannot be explicitly identified.  

Therefore, we assessed the receipt of chemotherapy using two different 

approaches. First, we analyzed the 5-year cumulative incidence of first docetaxel use 

from diagnosis of metastatic prostate cancer. Following a closed cohort over time using 

cumulative incidence accounts for competing events (i.e. death) and is therefore useful 
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for assessing patterns according to SES and demographic factors.22 However, the 

estimates represent docetaxel use among patients diagnosed with metastatic prostate 

cancer, not hormone refractory disease.  

Secondly, we analyzed the subset of patients who received chemotherapy from 

1998-2008. This subset represents hormone failures, because chemotherapy is typically 

not used in prostate cancer prior to hormone failure, and because we limited the 

population to only those patients with prostate cancer, so receipt of chemotherapy would 

not be for a different type of cancer. Within each yearly interval, among those who 

received their first chemotherapy, we calculated the proportion that received docetaxel. 

This approach mimics a series of cross-sectional yearly cohorts23 and has the advantage 

of assessing docetaxel usage rates over calendar time. First receipt of chemotherapy was 

used because it is consistent with the cumulative incidence analysis and in the real-world 

represents the chemotherapy of first choice.   

 

The Model  

In diffusion analyses, cumulative adoption over time typically adheres to an S-

shaped or sigmoid curve, representing a pattern of bounded geometric growth in which 

adoption occurs infrequently at first, accelerates as more individuals adopt, then slows as 

adoption reaches a natural ceiling.7,24-26 To model yearly docetaxel use rates, we used the 

classic “mixed influence” deterministic diffusion model, which describes the 

instantaneous change in the shape of the diffusion curve by the differential equation: 
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where F(t) is the cumulative number of adopters at time t, F-bar is the total potential 

number of adopters, and k1 and k2 are coefficients representing a mix of influences both 

external to the social system (k1) and internal to the social system (k2).24,27 Conceptually, 

the behavior of this function indicates the influence of social dynamics on diffusion, 

since, if the magnitude of k2 is non-trivial, then the instantaneous rate of change of 

diffusion with respect to time is proportional, in part, to the interaction between prior 

adopters (k2*F(t)) and potential adopters (F-bar - F(t)).28 Thus the magnitude of k2 

relative to k1 suggests the extent to which an underlying social process influences 

diffusion.  

 

Independent Variables  

SES, Demographic, Comorbidity, and Geographic Variables  

We analyzed the 5-year cumulative incidence of docetaxel by demographic 

variables including age, split at 75 years, and race (black vs. other). Cumulative incidence 

by ethnicity was not analyzed due to the small subset of Hispanic patients. SES factors 

were income and education, based on whether the patient’s Year 2000 census tract 

median income and percentage with some college education were higher or lower than 

the study sample median. Poverty status was based on individual-level data reflecting 

prior Medicaid participation (yes vs. no).29 Differences by baseline comorbidity index 

within 1 year prior to diagnosis were analyzed using the Charlson index, modified as per 

Klabunde.18,19,30  Binary indicator variables were used for consistency across variables and 

to aid interpretation, with the exception of geographic region, which was analyzed 



 92 

according to SEER registry area (East vs. Midwest vs. West). Differences between 

cumulative incidence curves were tested using Gray’s test.31   

 

Landmark Events 

We estimated the proportion of total diffusion occurring prior to October, 1999, 

the period prior to the first phase I and II conference and journal article reports 

regarding docetaxel efficacy;32-36 from October, 1999 to May, 2004, the period between 

the first phase I and II conference and journal article reports and phase III conference 

reports and FDA approval (which occurred nearly simultaneously);37-39 and after May, 

2004.  

 

Docetaxel Use over Time in Prostate Cancer Compared to Other Cancers 

To evaluate whether docetaxel diffusion patterns for prostate cancer were unique, 

we compared them to those in advanced breast, gastric, ovarian, and non-small cell lung 

cancer (NSCLC). For these other cancers, docetaxel is often indicated after failure of 

initial chemotherapy. Therefore, rather than using first chemotherapy, within each year 

a patient received chemotherapy, we coded patients as “1” if docetaxel was received, “0” 

if other chemotherapy was received, and “0.5” if both were received. We compared 

patterns across all cancers to FDA approval times.  

 
 

4.3 RESULTS  

Cohort Characteristics   



 93 

We identified 6,561 patients with metastatic prostate cancer meeting the 

inclusion criteria (Table 4.2). The majority of patients (58%) were 75 or older, 14% were 

black and 7% were Hispanic. Poverty status was reported in 21% of patients. Median 

Census tract income, $42,654, higher than the median U.S. Year 2000 income for this 

age cohort.40 Thirty percent of patients had evidence of prior comorbidity.  

We identified 1,350 patients who subsequently received chemotherapy. 

Compared to the 5211 patients without subsequent chemotherapy, chemotherapy 

patients were younger, less likely to be black, had higher income, and had less 

comorbidity.  

 

Cumulative Incidence by Year of Diagnosis  

Five year cumulative incidence of docetaxel use after diagnosis of metastatic 

prostate cancer increased from 2% for patients diagnosed in 1996-1997 to 33% for 

patients diagnosed in 2004-2005 (Figure 4.1). The use of mitoxantrone decreased in 

conjunction with the increased use of docetaxel, although 5-year cumulative incidence of 

mitoxantrone use even early in the period never exceeded 7%.  

  

Cumulative Incidence by Factors 

Figure 4.2 shows 5-year cumulative incidence of docetaxel use combined over all 

years of diagnosis (1995-2007) by SES, demographic, comorbidity, and geographic 

factors. The cumulative incidence was slower for older patients, black patients, lower 

income patients, patients who experienced poverty, and patients from Western and 

Midwestern SEER regions. There were no observed differences in diffusion rates by 

education level or comorbidity level.   
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Association of Landmark Events with Docetaxel Use over Time  

As shown in Figure 4.3, among metastatic prostate cancer patients who received 

chemotherapy, the maximum observed proportion whose first chemotherapy was 

docetaxel was 95% in 2008, the last year of the period. Docetaxel uptake in this patient 

population began well before the results for the phase III trials were reported. Thirteen 

percent of total (i.e. maximum) diffusion occurred between initial phase I and II 

conference reports and journal reports, 67% between phase I and II journal reports and 

initial phase III conference reports and FDA approval, and 20% after the phase III 

reports/FDA approval.  

 

Model Fit for Four Year Cumulative Incidence  

Figure 4.4 shows the observed yearly docetaxel usage rates along with the model 

fitted curve, indicating an S-shaped trajectory. The model explained 99.2% of total 

variation. Importantly, the regression coefficient for the internal influence factor (k2 as 

described in the methods) was about 7.2x greater than the coefficient for the external 

influence factor (k1), suggesting that social dynamics within the prostate cancer 

treatment community contributed to diffusion.   

 

Use of Docetaxel for Multiple Cancers in Relation to FDA Drug Approval 

Figure 4.5, top panel, compares yearly rates of docetaxel use in metastatic 

prostate cancer to those in metastatic breast, NSCLC, gastric, and ovarian cancer. Uptake 

of docetaxel began, and achieved maximums, at similar times for all cancers, regardless 

of whether FDA approval was received early in the period (breast and NSCLC), late in the 
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period (prostate and gastric), or never (ovarian cancer). Maximum diffusion was notably 

higher among prostate cancer patients, likely due to fewer effective chemotherapy 

options.  

The bottom panel of Figure 4.5 shows the observed diffusion rates for prostate 

cancer compared to all other cancers combined, with model fitted curves superimposed. 

For each curve, the inflection point – representing the time of maximum increase in the 

use of docetaxel – was identified. The inflection points for prostate cancer and for all 

other cancers combined both occurred in February, 2000. Therefore docetaxel diffusion 

patterns with respect to time were very similar.   

 

4.4 DISCUSSION  

We found that by 2008, nearly all metastatic prostate cancer patients who 

underwent chemotherapy received docetaxel as their first treatment. Docetaxel uptake 

was slower for socioeconomically and demographically disadvantaged patients. The 

absence of differences in cumulative incidence by comorbidity status is surprising, but 

may be due to sicker patients failing hormone treatment more quickly, hastening receipt 

of chemotherapy. Notably, docetaxel diffusion largely preceded definitive phase III 

evidence of efficacy in hormone refractory prostate cancer. Indeed the diffusion of 

docetaxel appeared to be a drug-wide phenomena rather than a disease-specific 

phenomena.  

Studies of cancer treatment use by patient SES, demographic levels, and health 

status have frequently shown lower usage for disadvantaged patients.8,9,41-53 Differences 

by geographic region have also been found.54 Diffusion, which tracks patterns of usage 
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over time, has been explicitly studied in some instances. Slower diffusion for older 

patients, minorities, and patients with lower SES were identified.22,55,56   

The observation that disadvantaged patients have slower diffusion presents 

opportunities to improve uptake of proven new therapies in subpopulations. For 

instance, direct-to-consumer-advertising (DTCA) has recently been shown to improve 

the appropriate use of aromatase inhibitors.57 Since oncology patients are frequently 

aware of DTCA, DTCA could be a useful tool to promote the use of proven new therapies 

in certain target populations.58 Cost concerns might dissuade lower income patients in 

particular from getting treatment, especially newer treatments.59 If newer treatments 

require higher out-of-pocket costs, financial assistance for patients in lower SES 

categories may help alleviate disparities in the uptake of new drugs. Even if patient out-

of-pocket costs for newer treatments are similar, anxiety about how to pay may exist,60 in 

which case improved communication between physicians and patients is crucial for 

clarifying treatment costs.61  

Evidence of a sigmoid shape for use of docetaxel over time is consistent with 

prior observations that social dynamics accelerate new innovation diffusion.7,25 The 

inference that social relationships among physicians are important suggests that 

enhancing communication channels among physicians, especially between key opinion 

leaders and their colleagues, would encourage more rapid adoption of treatments. One 

factor that has been repeatedly identified as influential in increasing adoption rates is 

attendance at scientific symposia,8,62 which serve as forums for disseminating 

information about new treatments. Unfortunately, the nature of the relationships among 

physicians was not analyzable in this study due to lack of data on their social links. 
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The rapid uptake of docetaxel in hormone refractory prostate cancer prior to 

definitive evidence from a phase III trial is a concern. On its face, adoption prior to 

definitive evidence violates the clinical trial paradigm, which relies on randomized 

comparisons between the new treatment and current standard-of-care. Considerations 

that may have lead to early adoption of docetaxel include prior FDA indications in other 

solid tumors and the fact that conventional treatment, mitoxantrone, provided only 

palliative relief, whereas early pilot trials for docetaxel held promise of a survival 

benefit.63 However, despite the early evidence, the positive result for docetaxel in 

randomized trials was not a foregone conclusion. Indeed, multiple phase III trials for 

drugs already in wide use have returned negative results.64-66 In some instances, phase 

III evidence lead to an appropriate diminution in the use of the new drug,3,67 though not 

in all.47,68   

The evidence in Figure 4.5 indicates that uptake of docetaxel diffusion occurred 

across different cancers approximately simultaneously, in all cases prior to FDA 

approval, suggesting the prevalence of off-label prescriptions for reimbursement. Off-

label drug use is considered appropriate in many instances.69 Indeed it is typically 

estimated that 25-50% of cancer drug prescriptions are off label.69-72 Denials of off-label 

use by Medicare and Medicaid lead Congress, in 1993, to deem that Medicare contractors 

pay for cancer drug prescriptions if their use is supported by selected standard medical 

compendia.73 Currently four compendia are recognized by the Center for Medicare and 

Medicaid services.74 However, questions about the quality of the medical compendia 

have been raised. A recent review found that compendia “lack transparency, cite little 

current evidence, and lack systematic methods to review or update evidence.”75 For 

docetaxel in particular, the review found that “the methodologies and actual practice 
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diverge, predominantly due to subjective assessments of the value and volume of the 

data, subjective assessments of current practice, and omission of recent citations.”76 The 

questionable quality of medical compendia is astonishing in light of the role compendia 

play in determining reimbursement. A recent study found that nearly 40% of total U.S. 

sales for a set of anti-cancer drugs were based on off-label prescriptions, about half of 

which were supported, and half unsupported, by compendia guidelines.70  

A notable limitation in this study is the inability to identify the true denominator 

of patients with hormone refractory prostate cancer. Identifying hormone failures based 

on chemotherapy does not capture patients with hormone refractory disease who 

received no chemotherapy. Such patients may be too sick to receive chemotherapy. Thus 

diffusion estimates for hormone refractory prostate cancer are likely biased high. An 

alternative approach would be to identify metastatic prostate cancer patients according 

to their cause of death. This approach might preferentially exclude patients with longer 

survival by selectively choosing those with suboptimal therapy. The necessity of using 

Medicare claims to identify relapse or recurrence is often problematic,21 but especially 

when treatment is itself the endpoint, since it raises the question whether patients not 

identified as relapse/recurrent by Medicare claims (i.e. HMO patients) may be different, 

limiting generalizability of the findings. Also, the use of Medicare data limits the analysis 

to patients >65 years. However prostate cancer occurs primarily in patients >65 years 

(~70% of cases)77 and older patients may receive suboptimal care and thus represent a 

critical target population.78,79  

These results provide an example of widespread diffusion of a new therapy 

occurring prior to publication of definitive phase III evidence.  Fortunately, phase III 

results ultimately supported docetaxel use in hormone-refractory prostate cancer. In 
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other instances, however, they will not. Early use of docetaxel was likely enabled by 

compendia supporting its off-label use. Reliance on compendia to facilitate treatment 

reimbursement represents an attempt to balance tradeoffs. On the one hand, the 

requirement that every variation in target population for a drug require a separate FDA 

indication would overwhelm available resources. On the other hand, reliance on 

compendia of potentially questionable quality may lead to inappropriate use, with 

potential costs in increased morbidity and mortality if a different drug may have been 

more appropriate. Inappropriate use also places an unnecessary financial burden on 

health care payers. Off-label drug use may also discourage clinical trial participation, 

which slows the very research that could render off-label prescriptions less necessary. In 

part for these reasons, the American Society of Clinical Oncology has stated that the 

“system for identifying medically appropriate cancer therapies, including those that 

involve off-label uses… requires attention.”69  
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Table 4.1: J-Codes for Chemotherapies Used in Breast, Lung, Ovarian, 

and Prostate Cancer 

 

  Typically Used in Cancer Setting 

Drug Names J-Codes Breast Lung Ovarian Prostate 

Drug of Interest      

   Docetaxel J9170 X X X X 

Other Drugs      

   5-FU J9190 X    

   Cabazitaxel J9043    X 

   Capcitabine J8520, J8521 X    

   Carboplatin J9045  X X X 

   Cisplatin J9060, J9062   X  

   Cyclophosphamide J8530, J9070, J9080, 

J9090, J9091, J9092, 

J9093, J9094, J9095, 

J9096, J9097 

X X   

   Doxorubicin J9000 X X X X 

   Etoposide J9181, J9182, J8560   X X 

   Gemcitabine J9201 X X X  

   Halaven J9179 X    

   Ifosfamide J9208  X   

   Irinotecan J9206  X   

   Ixabepilone J9207 X    

   Methotrexate J9250, J9260 X    

   Mitoxantrone J9293    X 

   Paclitaxel J9265 X X X X 

   Pemetrexed J9305, C9213  X   

   Topotecan J9350  X X  

   Unspecified* J8999, J9999 X X X X 

   Vinblastine J9360  X  X 

   Vinorelbine J9390 X X X X 

 

* Unspecified antineoplastic drugs.   
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Table 4.2: Cohort Characteristics 

 
 Percent  Subsequently Received Chemotherapy? 

 

Factor 

Metastatic 

Prostate Cancer 

(N=6,561) 

Yes (i.e. Hormone 

Refractory Prostate 

Cancer) 

(N=1,350) 

No  

(N=5,211) 

Age >75 58% 41% 63%** 

Black 14% 10% 16%** 

Asian/Pacific Islander 6% 5% 6% 

Hispanic origin 7% 8% 6% 

Income    

     >$50,000/year 37% 46%** 35% 

     Poverty 21% 15% 23%** 

     Median  $42,654 $47,344** $41,692 

Median proportion 

with some college 

28% 28% 28% 

Site     

     East 18% 20%* 17% 

     Midwest 37% 35% 37% 

     West 45% 44% 46% 

Comorbidity index >1 30% 25% 31%** 

* Statistically significantly higher, .01<p<.05   

** Statistically significantly higher, p<.0001
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Figure 4.1: Five-year cumulative incidence of docetaxel (solid line) and mitoxantrone 

(dashed line) use from diagnosis, by year of diagnosis, among patients presenting with 

metastatic prostate cancer. Five-year cumulative incidence estimates are shown. D=docetaxel; 

M=mitoxantrone.  
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Figure 4.2. Five-year cumulative incidence of docetaxel use from diagnosis among 

patients presenting with metastatic prostate cancer by SES, demographic,  comorbidity, 

and geographic factors. Patients for all years of diagnosis were included. Five year 

cumulative incidence estimates by factor were: BY AGE: 24.8% for patient 65-74 versus 

15.4% for patients >75; BY RACE: 20.3% for white/other patients versus 16.9% for black 

patients; BY INCOME: 22.8% for patients from Census tract regions with income 

>median versus 16.9% for patients from Census tract regions with income <median; BY 

POVERTY STATUS: 21.2% for patients with no evidence of poverty and 14.5% for 

patients with evidence of poverty; BY EDUCATION: 20.2% for patients from Census 

tract regions with education >median versus 19.6% for patients from Census tract 

regions with education <median; BY COMORBIDITY STATUS: 19.8% for patients with a 

Charlson score of 0 versus 20.1% for patients with a Charlson score of >1; BY SEER 

REGION: 25.6% for patients from Eastern regions versus 18.8% for patients from 

Western regions versus 18.5% for patients from Midwestern regions.  
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Figure 4.3. Proportion using docetaxel over time with landmark events. Thirteen 

percent of total (i.e. maximum) diffusion occurred between initial phase I and II 

conference reports and journal reports, 67% between phase I and II journal reports and 

initial phase III conference reports and FDA approval, and 20% after the phase III 

reports/FDA approval.  
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Figure 4.4. Mixed influence diffusion model fit of proportion using docetaxel over time 

by year. The model explained 99.2% of total observed variation. The coefficient for k2 

(=0.462), the measure of internal influence, was 7.2x the magnitude of the coefficient for 

k1 (=0.064), consistent with hypothesis that social dynamics played a significant role in 

the diffusion of docetaxel.   
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Figure 4.5. Proportion using docetaxel over time, by cancer type, with landmark events 

and model-fitted curves. Top panel: The proportion using docetaxel over time for 

metastatic prostate cancer is compared to rates in advanced breast, lung, gastric, and 

ovarian cancers. FDA approval times for each cancer are shown. Docetaxel was approved 

for use in patients with locally advanced or metastatic breast cancer after failure of prior 

chemotherapy in May, 1996; in patients with metastatic breast cancer who failed 

adjuvant therapy in June, 1998; in patients with NSCLC who failed cisplatin-based 

treatment in December, 1999; and in patients with advanced gastric cancer (in 

combination with 5-FU and cisplatin) in March, 2006. Docetaxel has not received an 

FDA indication for use in ovarian cancer patients, but is included to convey the similarity 

of diffusion patterns of docetaxel for a cancer in which prescriptions are strictly off-label. 

Bottom panel: The observed proportions using docetaxel over time for metastatic 

prostate cancer are compared to the combined rates from advanced breast, lung, gastric, 

and ovarian cancers. Fitted model-based estimates are superimposed. The inflection 

points for the fitted curves indicate the time of maximum increase in the rate of 

docetaxel use, and are approximately the same (10 days difference) between the two 

curves.   
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Chapter 5 

CONCLUSIONS 

 

The design, monitoring, and analysis of clinical trials has been established over 

decades.1 Other topics of study regarding the role of clinical trials in establishing 

community-based treatments have had less study.  In this dissertation, we investigated 

the representativeness, generalizability, and diffusion of cancer clinical trial treatments. 

Prior investigations of these topics have been limited by the available data or have been 

evaluated in a non-comprehensive fashion.  

To analyze the representativeness of cancer clinical trial cohorts, we assessed 

clinical trial participation patterns according to important SES and demographic factors 

in a large sample of patients surveyed via an Internet-based treatment decision tool.2 

This approach allowed collection of patient-level socioeconomic and comorbidity data 

from a large sample of patients, the absence of which limited prior investigations.3 In 

addition, attitudes toward clinical trials were assessed using pre-specified items about 

treatment, treatment tolerability, convenience, and cost.4 In total, 5,499 patients were 

successfully surveyed from 2007-2011. We found that income was the only 

socioeconomic or demographic factor that was independently associated with clinical 

trial participation. Even in patients >65, who have universal access to Medicare, lower 

income predicted lower trial participation. We also found that cost concerns were much 

more evident among lower income patients.2  
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To investigate generalizability, we examined whether cancer clinical trial patients 

were similar to non-trial, “real world” patients with respect to presenting characteristics 

and survival outcomes. We reviewed the phase III database of SWOG over a 25 year 

period to identify candidate trials, and compared patients from the standard arms of 

those trials to non-trial controls selected from the Surveillance, Epidemiology, and End 

Results program. This comprehensive approach limited the potential impact of 

subjective selection of studies for analysis,5,6 and, given key similarities across studies 

within SWOG, allowed the aggregation of study arms within prognosis groups (>50% vs. 

<50% average 2-year survival). We found that the impact of trial participation on overall 

survival endured for only one year, and was therefore more likely to independently 

influence overall survival in poor prognosis studies (9/10) rather than good prognosis 

studies (0/11; p<.0001). As long as the underlying mechanism(s) causing improved 

outcomes for trial patients are independent of treatment, trial participation will be 

associated with a similar one year improvement in outcomes for patients on the 

experimental arms of trials as well.   

Finally, we examined patterns of diffusion in a database of metastatic prostate 

cancer patients diagnosed from 1995-2007 using SEER-Medicare. Treatment usage 

patterns for a snapshot in time have previously been described, but changes in treatment 

usage over time (diffusion) have not been well studied. We assessed cumulative 

incidence of docetaxel by socioeconomic, demographic, and comorbidity variables, and 

compared diffusion patterns to landmark events including release of phase III results 

and FDA approval dates. In phase III studies, docetaxel use reduced risk of death by 

about 20-25%. We found that diffusion was notably slower in socioeconomically 
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disadvantaged groups, including patients with lower income. We also found that most of 

the diffusion of docetaxel occurred prior to the release of definitive phase III results 

showing superiority of docetaxel over standard-of-care for hormone-refractory prostate 

cancer, and that docetaxel diffusion patterns with respect to time were similar across 

multiple cancers. 

Although the topics covered in this dissertation all fall along the pathway from 

early study to diffusion of cancer treatments, taken together, they comprise largely non-

overlapping data, conceptual, and analytic domains. This represents both a strength and 

a weakness. On the positive side, these disparate topics gave experience using multiple 

different data sources, required the study of multiple literature domains, and required 

facility with multiple analytic approaches. On the negative side, this approach reduced 

the depth of examination into any particular domain. For instance, examination of the 

diffusion of docetaxel for hormone-refractory prostate cancer represents a single 

example which may not be generalizable. Early diffusion in this setting may well have 

been driven by the urgency of the clinical prognosis, strong positive evidence in early 

stage trials, and the lack of alternative treatments with survival benefits. An alternative 

set of examinations may have investigated not just chemotherapy in refractory disease 

but perhaps in other cancer types or disease stages. Or, further methodologic 

examinations of diffusion might have been possible, such as devising a method to 

estimate loss (whether in person-years, dollars, or etc.) due to inefficient diffusion.  

Given the disparate nature of the topics in this dissertation, the implications are 

varied. With respect to clinical trial representativeness, the main finding is that lower 

income patients were less likely to participate in clinical trials, even when considering 
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age group. Thus a better understanding of why income is a barrier may help identify 

ways to make clinical trials better available to all patients, and would increase the 

generalizability of clinical trial results across all income levels. Importantly as well, 

improved participation by lower income patients could help clinical trials be completed 

more quickly. Suggested policy approaches for improving lower income participation in 

clinical trials included covering excess costs for trial participation for all patients; direct 

payments to individuals to encourage clinical trial participation; and direct-to-consumer 

advertising about clinical trials to the target population. Certain low-cost considerations 

for patients related to time, convenience, or transportation, such as parking passes or 

bus fare, could also improve participation for lower income patients.  

The main finding of the generalizability paper was that the impact of trial 

participation on overall survival endured for only one year. This was likely due to 

eligibility criteria that excluded higher comorbidity patients from trials. In the long term, 

histology and stage, not trial participation, primarily determined survival. If histology 

and stage determine survival – despite the fact that the average SWOG phase III clinical 

trial had 16 eligibility criteria over and above those pertaining to histology and stage, and 

that 60% of these pertained to comorbid conditions – then consideration should be given 

to relaxing or eliminating criteria where possible. Given the dominance of histology and 

stage in determining outcomes, this should not notably reduce statistical power, and 

would have the advantage of increasing access to clinical trials for a broader cross-

section of patients. Additionally, improved confidence in the long-term generalizability 

of clinical trial results, especially in the good prognosis setting, could hasten adoption of 

new, proven treatments into the community setting.  
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Finally, we found that diffusion of docetaxel for hormone refractory prostate 

cancer largely preceded the release of phase III results showing superiority of docetaxel 

over standard-of-care. Rapid diffusion prior to definitive phase III evidence suggested 

the widespread prevalence of off-label chemotherapy use.  These results also provided an 

example wherein the clinical trial paradigm – which relies on randomized comparisons 

between the new treatment and current standard-of-care prior to diffusion into the 

cancer treatment community – was not adhered to. Indeed diffusion of a new therapy 

may in some cases be not so much a disease-specific phenomenon as a drug-wide 

phenomenon. Importantly, also, diffusion was slower for socioeconomically 

disadvantaged groups, including lower income patients and patients in poverty. Efforts 

to improve access to new treatments for socioeconomically disadvantaged populations 

might include financial assistance or targeted advertising – in other words, similar policy 

prescriptions as those that might improve clinical trial participation for these 

populations.  

 The tradition of health services research has famously been described as 

emphasizing equity, effectiveness, and efficiency in health care.7 The main results and 

conclusions of this dissertation fit squarely within this tradition, insofar as the analysis 

of Representativeness (Chapter 2) investigated equity of access to a health care resource 

according to income; the analysis of Generalizability (Chapter 3) investigated the 

translation of efficacy of a treatment in a clinical trial to effectiveness of the new 

treatment in the treatment community; and the analysis of Diffusion (Chapter 4) 

investigated the efficiency with which a new proven treatment is taken up by the 

treatment community. In addition, we observed a common, if unanticipated, theme that 
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links these analyses above and beyond their inclusion in the pathway from early study to 

diffusion. Namely, socioeconomic status appears to be a limiting factor in access to 

medical resources, be they clinical trial participation or new, proven treatments. Thus 

the findings are also highly topical, given the current emphasis in the public discourse 

about how disparities in economic resources may affect health and health care use. Most 

importantly, these investigations contribute to our understanding of the context and 

nuances of clinical trial results, and may therefore help improve the speed and efficiency 

with which new cancer treatments are translated into clinical practice.  
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