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Abstract

Importance—Recently, tremendous prominence has been given to the investigation of the impact
of different research processes as part of the Cancer Moonshot. More than half a century ago, the
National Cancer Institute (NCI) established a network of publicly-funded cancer cooperative
research groups to systematically evaluate new treatments for efficacy and safety.

Objective—To examine the extent to which positive NCI-sponsored cancer treatment trials have
benefited cancer patients in the U.S. population.

Design—We used study data from SWOG, an NCI-sponsored Network cooperative research
group. We identified all treatment trials over SWOG’s 60-year history (1956-2016) for which the
new experimental therapy provided a statistically significant improvement in overall survival. We
assumed the new, proven treatments from these trials established new standards for cancer care in
the treatment community.

Setting—Twenty-three treatment trials were identified from a variety of different disease settings.

Main Outcomes and Measures—We estimated population life-years gained from the 23
treatment trials through 2015 by mapping the impact of the new treatments onto the U.S. cancer
population, using an area-under-the-survival-curve approach that combined trial-specific hazard
function and hazard ratio results, along with SEER and life-table data. Calculations were age-
adjusted. Dollar return on investment was estimated as the ratio of total investment by the National
Cancer Institute in the treatment trial program divided by the estimate of life-years gained.

Results—In total, 12,361 patients were enrolled to the 23 positive trials from 1965-2012. We
estimated that 3.34 million years of life (95% confidence limits: 2.39-4.15 million) were gained
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from these 23 trials through 2015. Estimates were greater than 2 million life-years gained under
95% of model simulations. The dollar return on investment was about $125 per life year gained.

Conclusions and Relevance—SWOG treatment trials have had a substantial impact on
population survival for cancer patients over 60 years. The National Cancer Institute’s investment
in its cancer cooperative group research program has provided exceptional value and benefit to the
American public through its research programs generating positive cancer treatment trials.

INTRODUCTION

Cancer is the leading cause of years of life lost in the U.S., exceeding all other diseases
including heart disease. Cancer clinical trials represent a vital step in evaluating the efficacy
and safety of new therapeutic approaches for malignancy. Treatments proven to work in
clinical trials often become new standards of care for patients with cancer. More than half a
century ago, the National Cancer Institute (NCI) established a network of publicly-funded
cancer cooperative research groups to systematically evaluate new treatments for efficacy
and safety.? Little attempt has been made to quantify the impact of this clinical research
system in terms of population survival gains.

SWOG, one of the original cooperative research groups, reached its 60-year anniversary in
2016. SWOG is a member of the NCI’s National Clinical Trials Network (NCTN) and
Community Oncology Research Program (NCORP). SWOG was launched as a pediatric
oncology group in 1956 under the name Southwest Cancer Chemotherapy Study Group
(SWCCSG). In 1958, the NCI directed the SWCCSG to extend its mandate to adult
malignancies. In 1973, the group was renamed the Southwest Oncology Group, later
shortened to SWOG. Currently, SWOG conducts cancer treatment trials for a variety of
different cancers in adults. SWOG currently has about 12,000 members from cancer clinics
and centers at more than 650 institutions around the U.S., with more than 200,000 patients
previously enrolled to SWOG trials and about 80 trials currently active.3

Recently, tremendous prominence has been given to the investigation of the impact of
different research processes as part of the Cancer Moonshot.# In this context, and given the
history and durability of the cooperative group structure, we examined the extent to which
positive SWOG cancer treatment trials over the decades have benefited cancer patients in the
U.S. population, in terms of extending life.

METHODS

We first established the denominator of all randomized phase 111 treatment trials conducted
by SWOG over the course of its 60 year history. The estimation of impact was based solely
on new treatments derived from trials which showed a positive overall survival benefit in
favor of the experimental arm according to the pre-specified protocol design. Overall
survival was defined as the time from registration or the beginning of administration of
chemotherapy until death due to any cause. Alive patients, including those lost to follow-up,
were censored at the date of last contact if it occurred prior to 5 years. To better represent
community practice, treatments with positive overall survival benefits that were too toxic for
investigators to recommend as new treatment were excluded. The outcome of trials with
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respect to overall survival was identified either through article publication, internal reports of
studies, or through analysis of patient level data available in the SWOG database.
Information on ethical review and informed consent of participants for each of the trials was
included in their study reports.

Analytical Framework

We used life-years gained as the primary measure. We estimated life-years gained from
positive SWOG treatment trials using a counterfactual modeling approach. We assumed that
any new, trial-proven treatment would become the new standard of care in the cancer
treatment community beginning at the time of initial publication of the trial results. To
establish a common impact across a panel of diverse cancers types, we assumed that the
treatment effect from the new trial-proven treatment endured for 5 years, based on visual
inspection of the survival functions by arm for the trials included in the analysis (data not
shown). Also, we assumed that the beneficial impact of the new treatment would endure for
all future patients with the given cancer diagnosis.

Estimation of Life-Years Gained

To estimate life-years gained, we mapped the treatment impact of new treatments onto the
U.S. cancer population, using data from the SEER 9 registry areas.® For each positive trial,
we matched the major histology, stage, prior cancer, surgery, sex (where appropriate), age
(i.e. 218 years), and tumor characteristic eligibility criteria from the SWOG trial to
corresponding data in SEER to estimate the number of patients in the U.S. to whom the new
treatment would apply. Calculations were conducted separately by 5-year age intervals, since
the number of years of life an individual may live varies by age, and were further calculated
for each yearly cohort of patients with a given cancer type beginning the year of trial
publication until the end of the estimation period. Given the SEER 9 registry areas have
consistently represented 9.5% of the U.S. population over time, we inflated each age-
specific and year-specific estimate of the number of patients with a given cancer by
approximately 10.5 (1/0.095).

We used the area under the Kaplan-Meier survival curve (AUSC) to estimate life-years lived
for an average individual.®7 Within the first five years after diagnosis (the “treatment benefit
period”), the hazard rate for those receiving standard treatment was estimated from trial data
(see below). The hazard rate for patients with the new treatment was generated using the
hazard ratio for overall survival from the trial. To estimate residual AUSC in the post-
treatment benefit period (i.e. after 5 years), we assumed, conservatively, that maximum
survival extended only until average (age-specific) half-life, as indicated by life-table data.
The estimation of residual AUSC was based on an exponential linear regression model
(eta=exp(a+bx)) with points placed annually past the end of the treatment effect until median
half-life. The convergence to approximately zero difference between the standard treatment
and new treatment curves was parameterized by a point weight parameter at the final time
point at median expected life. Higher weight parameters generated more rapidly converging
curves and consequently fewer residual life-years gained. We chose a weight parameter of
100, at which overall estimates of life-years gained were found to achieve asymptotic
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stability; that is, further increases in the weight parameter had little impact on the area
between the curves. The model is fit by non-linear least squares “nls” in R.910

The difference in the areas under the curve between those with standard treatment (STD)
compared to those with the new, trial-proven treatment (EXP) represents the average life-
years gained (LYG) for an average single individual due to the new treatment.

LYG=AUSC,,, — AUSCq,,

eFigure 1 gives a representative depiction for patients from SWOG trial S9008, showing
how more LYG accrue to younger patients (1.58 for a 25-year-old patient from S9008) than
for older patients (0.85 years for a 75-year-old patient). In particular, since more patients
will be alive at the end of the treatment period for the experimental arm, life-years on
average continue to accrue after the treatment effect has ended, until median half-life is
attained, or until the end of the estimation period (i.e. 2015).

We partitioned age into 14 intervals (20-25, 26-30, 31-35, 36-40, 41-45, 46-50, 51-55,
56-60, 61-65, 66—-70, 71-75, 76-80, 81-85, 85+). Within each age interval, there are g;
individuals, and life-years gained for the individuals within the age interval i will be given
by:

(AUSC,yp, — AUSCy,p), * a;

To obtain LYG within all 14 age intervals within a given year gives:

14
> (AUSC,,, — AUSC
i=1

STD)q', * Qg

Separate calculations were performed for each successive year starting at initial trial
publication. If Z is the number of years from trial publication to the end of the estimation
period, then total life-years gained is represented by:

=

4
S 53 (AUSC,,, — AUSC

z=1 i=1

STD )iz * Uiz

Forward projections for 2020, 2025, and 2030 were also calculated, but were based on
positive trials identified through 2015 only.

Finally, we repeatedly conducted random sampling of the coefficient for the treatment effect
from each trial, drawing from distributions based on the observed point estimate and its
variation under a normal distribution. The upper and lower 2.5% quantiles from 500
iterations defined the 95% confidence limits (CLs).
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Derivation of hazard rates and hazard ratios

To estimate the hazard rate for the standard arm, we obtained yearly point estimates for
overall survival from patient-level trial data (if available) or from trial publications. In all
instances, these point estimates were adjusted downward to better reflect survival patterns
anticipated for patients in the cancer treatment population, given that trial-treated patients
have been observed to have better survival than non-trial treated patients, predominantly in
the first year (Supplementary Material).11 We used the hazard ratio if it was explicitly
reported in trial publications; otherwise, the hazard ratio was estimated from patient-level
trial data (if available), or based on overall survival point estimates reported in the main trial
publication.

Additional and Sensitivity Analyses

The treatment effect from a SWOG trial with respect to OS may not have translated fully
into the cancer treatment community. Prior evidence suggests that trial participation explains
at most 5% of the variation in survival outcomes.1 Accordingly, we allowed the
effectiveness of the translation to vary from as low as 75% of the hazard ratio for overall
survival identified in the trial, up to 100%. We also allowed the effect of new treatment to
vary from 3 to 7 years. Finally, we allowed the model weight parameter value to estimate
residual AUSC to vary, with uninform probability, within the five category ranges 1:10,
11:50, 50:100, 100:200, and 200:1000.

Support of the cooperative group system represents a sizeable investment on the part of
funding agencies. Therefore, we also estimated the dollar return on investment from funding
agencies as the ratio of the estimated total dollars spent funding SWOG’s entire treatment
trial program divided by the estimate of life-years gained over the estimation period. Federal
direct funding to SWOG is publicly available by fiscal year from 1985 onward.12 Historical
yearly funding amounts were inflated to constant 2015 dollars.13 In the absence of historical
data prior to 1985, and given that SWOG core grants typically operate on 5-year cycles, we
assumed that yearly funding prior to 1985 was equivalent to the yearly average over five
years from 1985-1989, representing the earliest available funding data.

RESULTS

We identified n=205 randomized trials that were activated over the 60-year history of
SWOG. Twelve of the trials are still ongoing, leaving n=193 total trials available for
analysis. The trials examined a broad range of cancers and comprised 83,157 patient
enrollments from January, 1962 through December, 2014. Twenty-three trials (12%) resulted
in statistically significant improvement in overall survival for patients receiving the new,
experimental therapy (Supplementary eFigure 2). The positive trials included 12,361
patients enrolled from 1965-2012 (eTable 1).14-36 Each of the primary experimental drugs
are listed in the National Comprehensive Cancer Network (NCCN) Drugs and Biologics
Compendium, except estramustine.37-38
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Life-Years Gained

Figure 2 shows estimated life-years gained by study through 2015. Recently completed trials
typically generated fewer life-years than older trials. Life-years gained through 2015 ranged
from 313 for trial S0777 (which completed in 2015) to 748,000 for trial S7436. In contrast,
by 2030, 102,000 life-years are projected to have been gained by S0777, and 1.26 million by
S7436.

In total, cumulative life-years gained from all 23 positive trials is estimated to be 3.34
million (95% CLs: 2.39-4.15 million) through 2015. Figure 3 illustrates the pattern of
cumulative life-years gained through 2015. Given the duration of time under examination,
estimates of cumulative life-years gained were only modestly attenuated if new treatment
uptake was assumed to occur after (rather than at) trial publication date (3.19 million if one
year later; 3.04 million if 2 years later; 2.90 million if 3 years later). Life-years gained
through 2020, 2025, and 2030 based on these 23 trials alone was projected to be 4.32 (95%
CLs: 3.29-5.45 million), 5.38 (95% CLs: 3.98-6.73 million), and 6.29 million (95% CLs:
4.80-7.83 million) life-years, respectively. Thus the estimate of life-years gained will nearly
double over the next 15 years.

Variation in Life-Years Gained by Factors

We allowed the duration of the treatment effect to vary from 3 to 7 years by one year
intervals, the effectiveness to vary from 75% to 100% of the efficacy hazard ratio, and the
weight parameter to vary as specified in the Methods. The results for life-years gained
through 2015 are shown in eFigure 5, indicating that life-years gained was greater than 2
million under most combinations of duration of treatment effect, effectiveness, and weight
parameter assumptions.

Return on Investment

We estimated the dollar return on investment for funding agencies through support of a
cooperative cancer clinical trials group. Based on the estimation method we specified, the
total federal investment in SWOG treatment trials over the course of its 60-year history was
$418 million. This amount includes the cost for conducting all trials during the period,
including negative trials. The dollar return on investment for funding agencies is therefore
the ratio of total expenditures to life-years gained, or $125 per life-year gained through
2015. Estimates for 2020, 2025, and 2030 are $113, $106, and $104 per life-year gained,
respectively.

DISCUSSION

Over the course of its 60-year history, SWOG treatment trials with positive results for
overall survival are estimated to have generated 3.34 million life-years gained in the U.S.
The estimated dollar return on investment was $125 per life-year gained. Thus SWOG
treatment trials have had a sizeable impact on population survival for cancer patients at a
modest cost.
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The national cancer mortality rate in the U.S. has decreased by 25% since 1991, in part due
to advances in treatment.3° Our findings are consistent with this observation, with the vast
majority (84%) of the estimated 3.34 million life-years gained occurring since the 1990s. To
provide additional context, the life-year gains from positive SWOG trials have returned
approximately 1% of the estimated 360 million years of life lost due to cancer since 1969
(Supplemental Material).1:49 Alternatively, 3.34 million life-years gained would be sufficient
to provide each of the approximately 600,000 individuals who died of cancer in the U.S. in
2016 with 5.6 more years of life.*1 Our estimate may be conservative, since the model did
not account for life-years gained from treatments showing better progression-free,
recurrence-free, or disease-free survival. Such endpoints are frequently used in trials as more
timely measures for the impact of treatment. Some treatments showing benefits in these
outcomes in trials would also have generated survival gains in the population. Moreover,
there are three other major NCI-sponsored adult cancer cooperative groups in addition to
SWOG (Alliance, ECOG-ACRIN, and NRG), and one major pediatric cancer group
(Children’s Oncology Group); each of these groups also have long histories of successful
conduct of trials, leading to sizeable gains in population survival 4245

The total budget of the NCI was $5.2 billion in 2016, of which $151 million was designated
for the NCI’s National Clinical Trials Network.4¢ Only a portion of that funding is further
designated towards the conduct of phase 111 cancer treatment trials, even as national
expenditures for cancer care in the U.S. were nearly $125 billion.4” Our evidence indicates
that the cost of this investment per life-year gained is very low ($125), an estimate that will
continue to decrease over time given that population life-years gained from prior positive
trials is growing at a faster rate than costs for trial conduct.

Investments in cooperative group clinical trials have benefited patients in ways that were not
included in our model. Clinical trial discoveries have led to reductions in treatment toxicity
and cancer morbidity, especially in the new era of targeted treatments. Large prevention
trials conducted by the cooperative groups have identified interventions to prevent the
development of new cancers, and have shown that commonly used drugs and supplements
are ineffective and even harmful.#8-50 Decades of NCI-sponsored clinical trial design,
monitoring, and analysis has generated important insights into the science of trial conduct,
which has benefited the broader clinical trial community. In an era of increased data sharing,
the clinical trial databases of the cancer cooperative groups promise more important insights,
which could serve as the foundations and hypotheses for future studies.>!

Our model for calculating life-years gained is limited due to its simplified representation of
the complex manner in which new, trial-proven treatments translate to the cancer population,
and required modeling assumptions that do not fully represent real-world settings. We
assumed that each of the trials changed practice, an assumption reinforced by the
observation that nearly all of the trial-proven treatments were included in common medical
compendia, enabling payment coverage by Medicare.>2:53 However it is likely that not all of
the trials changed practice alone; in some instances, trials from other research groups may
also have provided positive supporting evidence for the new treatments. The model did not
reflect the value of negative trials.>* As one example, many thousands of lives have likely
been saved based on randomized clinical trials showing that autologous bone-marrow
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transplant for breast cancer — a treatment which had achieved wide dissemination in the
cancer treatment community despite lack of conclusive evidence in trials — in fact did not
work.25-57 Finally, the total research costs (as opposed to the phase IlI trial costs alone) per
life year gained for any new drug is inevitably higher, since the conduct of a phase 111
comparative trial represents the end of the life cycle of treatment development, which also
includes drug discovery, development and early stage trials. However, even accounting for
these additional development costs, the investment dollar per life-year gained is likely still
modest, since phase Il1 trial costs comprise a substantial portion of total drug development
costs.28-60

These findings quantify the impact of one of NCI’s large cooperate cancer clinical trial
research groups on people touched by cancer. They show that the combined efforts of patient
volunteers, clinical researchers, and cancer scientists have had a measurable impact on
extending life for cancer patients. Moreover, the amount of the investment required to
produce these gains has been relatively modest. Thus the NCI’s investment in its cancer
cooperative group research program has provided exceptional value and benefit to the
American public through its research programs generating positive cancer treatment trials.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key Points
Question

How have the NCI-sponsored Network cooperative cancer research groups benefitted
patients with cancer in the general population?
Findings

In total, using data from 23 positive treatment trials from SWOG, we estimated that 3.34
million years of life were gained in the cancer population through 2015, at a cost of $125
per life year gained.

Meaning

The National Cancer Institute’s investment in its cancer cooperative group research
program has provided exceptional value and benefit to the American public through its
research programs generating positive cancer treatment trials.
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Figure 2.
Life-years gained by study and projection year.
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By Year (in 1000’s)

2015 2020 2025 2030
748 913 1084 1258
740 929 1119 1276
458 575 697 804
403 478 553 613
190 256 325 377
97 116 136 146
81 95 110 120
75 107 141 170
74 114 158 196
72 110 153 190
67 102 142 176
65 84 104 122
63 84 104 108
52 79 105 126
39 56 73 89
30 L2 58 71
26 43 61 69
26 42 59 72
13 54 114 170
7 9 11 12
4 6 8 11
4 5 7 7
<1 20 62 102
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Cumulative Life Years Gained through 2015
By Study

4 million

3 million

2 million

Life Years Gained

1 million

| | | | | | | | | |
1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

Year

Figure 3.
Cumulative life-years gained through 2015, by study. Each color-coded area represents

cumulative life-years for a given study.
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