
The Contribution of Cancer Surveillance

Toward Real World Evidence in Oncology

Lynne Penberthy, MD, MPH,* Donna R. Rivera, PharmD, MSc,* and Kevin Ward, PhD, MPH†
*Division of Cancer Co
tute, Rockville, MD

yGeorgia Center for Ca
University, Atlanta

Conflict of interest: No
Address reprint requ

Cancer Control a
9609 Medical Cen
E-mail: lynnepen

318
Randomized control trials (RCTs) represent the gold standard by which new therapies are
evaluated. However, there are many limitations to RCTs including biased populations
enrolled and potential lack of generalizability. This has resulted in increasing interest in
data that represent real world patients, who are not well represented in RCTs. These real
world data (RWD) have the potential to provide data not captured in clinical trials such as
longer term outcomes, sequelae and adverse events not identified in the sample size used
for the RCT. There are many sources of RWD, all of which have strengths and limitations.
This manuscript focuses on one source of RWD − the cancer registry. Cancer registries
represent a set of consolidated data which are collected under state regulation in each
state. As cancer surveillance expands the type and level of detail captured within registries,
the potential value for complementing and supplementing clinical trials is increasing.
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Randomized controlled trials (RCTs) represent the gold
standard by which the efficacy of new cancer therapies is

assessed. Efficacy of these treatments, however, is examined
with strict inclusion criteria of participating patients to
reduce confounding. Clinical trials include, at best, 5% of all
cancer patients—a subset that is not representative of the
typical cancer patient as clinical trial patients are generally
younger and less likely to be nonwhite, and have fewer or no
comorbid conditions.1 This lack of representativeness to
patients in the “real world” may limit the generalizability of
the results reported from RCTs. With the advent of precision
oncology, trials that focus on specific targets have further
reduced sample sizes, widening the gap between patients
enrolled in trials with those treated by clinicians in the real
world. As a result, there is increasing interest and necessity
to understand the effectiveness of new therapeutic modalities
for the 95% of the cancer patient population who do not
participate in RCTs. How do the outcomes of these treat-
ments differ in patients with cardiovascular disease or declin-
ing renal function? Are the agents equally effective across
differing population subgroups (eg, ethnicity and race)
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representing varying genetic composition? Acknowledging
the importance of questions such as these has resulted in the
use of real world data (RWD) to supplement or complement
information obtained in clinical trials.
Strengths and Limitations
of RWD

RWD have been defined as “information on health care that
is derived from multiple sources outside typical clinical
research settings.” These sources include electronic health
records, claims and billing data, product and disease regis-
tries, and data gathered through personal devices and
health applications.2 RWD can support research aimed at
understanding and evaluating utilization patterns and out-
comes of treatments among a heterogenous set of patients
who may not be eligible for clinical trials. RWD could fur-
ther supplement RCTs by providing information on longer
term outcomes and possible adverse sequelae of treatments
that are either not feasible to determine in RCTs due to lim-
ited duration of follow-up period or for which the sample
size may be too small to permit identification of comorbid-
ities or rare treatment-related events. The Food and Drug
Administration is focusing on RWD to monitor postmarket-
ing safety (pharmacosurveillance) and adverse drug events
to inform regulatory decision-making. Various organizations
are recognizing the value of RWD for patterns of care, com-
parative effectiveness, surveillance, and healthcare delivery
research.
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While RWD have substantial value in providing informa-
tion not available through RCTs, there are also significant
limitations to these types of data. First, RWD are largely
observational, and when analyzing any observational data, it
is impossible to control completely for confounding or iden-
tify all sources of bias. In addition, many RWD sources are
convenience samples and thus suffer the same issues with
external validity as RCTs. RWD often comprise a single data
source, such as a single Electronic Medical Record system
that may be used only in certain inpatient settings or spe-
cialty practices such as oncology. The single system RWD
may not include all sources of information relevant to an
analysis of a cancer patient who typically sees a broad spec-
trum of specialty providers. Furthermore, the quality of
many RWD sources is unsubstantiated, as in many instances
they may not be validated or curated. This presents concerns
for errors in the data which, if nonrandom, could lead to
erroneous or skewed results. Finally, RWD are often not col-
lected for research, requiring caution in utilizing them for
purposes other than their original intent.
Population-Based Cancer
Registries

Cancer registries, including the National Cancer Institute’s
Surveillance, Epidemiology and End Results (SEER)
Figure 1 SEER linkages to traditional an
Program, represent a RWD source that could supplement
and complement RCTs as registries can address many of the
shortcomings of other types of RWD. It could be argued, in
fact, that a population-based cancer registry (PBCR) is the
ideal source for linking, expanding, and optimizing RWD
given the legal framework under which they operate. Cancer
is a reportable disease in every US state and reporting to the
central registry is Health Insurance Portability and Account-
ability Act of 1996 (HIPAA) exempt as reporting is done for
the public health good. PBCRs have the authority to main-
tain patient identifiers, aggregate cancer data for each patient,
and follow patients over time for cancer-related outcomes.
These data can also be used as a foundation to support popu-
lation-based cancer research activities, including those that
involve contacting patients with appropriate approval. As
such, a PBCR is unique in its ability to connect cancer
patients across various RWD sources building upon its exist-
ing clinically rich data set that covers an entire population of
cancer patients under the purview of the individual registry.
Figure 1 illustrates the SEER registry with existing and pro-
posed data linkages that might be used to support RWD
analyses.

PBCRs operate under state regulations requiring all
healthcare providers to report information on all patients
with cancer. There is little opportunity for biased representa-
tion of patients within a PBCR because of its inherent nature
of being population based (that is including all residents of
d novel real world data sources.



320 L. Penberthy et al.
the geographic regions included in the registry’s catchment
area). These registries include information that is captured
from a variety of standardized data sources and then merged
through a process known as consolidation. Many of these
sources involve extensive manual curation (review and deci-
sion-making) of data. For example, one SEER registry
reports that there is an average of 3.6 different data sources
that are adjudicated and consolidated for each cancer case.
In addition, many of these data sources are received at the
registry in real time as electronic data streams. For example,
SEER registries receive real time pathology reports for almost
90% of pathologically confirmed cancer cases. Pathology lab-
oratories are required under state regulation to report cancer
data. Further, as part of the quality control process, PBCRs,
particularly SEER, use trained personnel (certified tumor
registrars) to perform extensive visual editing and manual
review of key variables. This manual review contributes to
higher accuracy and validity of the data compared to many
other RWD sources. The SEER registries also perform ongo-
ing and active follow-up of all cancer patients to ensure com-
plete, accurate capture of survival time and date of death,
including information on cause of death − data frequently
missing from many other commonly used RWD sources.

Despite these advantages, PBCR also have several key lim-
itations that require caution in their utility for application to
RWD analyses. There is limited information available on
detailed longitudinal treatment. The first course of therapy is
captured; however, specific systemic therapy agent informa-
tion is not currently maintained in discrete fields, thus
reducing the value in understanding differences in treat-
ment-related outcomes across patient subsets. Registries do
not currently collect information on recurrence or disease
progression—both of which are key outcomes to under-
standing the effectiveness of cancer treatments. Lastly, regis-
try data are often not current when made available at the
national level: there is typically a 1- to 2-year lag in data
availability which significantly limits their value in assessing
uptake and outcomes for new therapies. The latter is grow-
ing in importance since there is an increasing number of
new pharmacologic agents being approved monthly—in
2017 alone there were 19 newly approved agents.3
Current SEER Efforts to Address-
Known Limitations

The SEER Program is working to enhance current data to
include more clinically relevant information to better sup-
port analyses that impact clinical practice and patient care.
Specifically, SEER is working to (1) capture detailed longitu-
dinal treatment variables through multiple collaborative
partnerships, (2) capture improved information on recur-
rence through innovative informatics work with the Depart-
ment of Energy (DOE) Labs and other academic partners,
and (3) provide closer to real time data by reducing the lag
in reporting through 2 major efforts. The SEER program ini-
tiatives include the development of novel data linkages and
of natural language processing and deep learning tools for
automation and real time data capture; both of which are
essential to gathering and sharing data within a shorter time-
frame from actual patient care.

While linkages are often the most efficient and compre-
hensive source across many types of clinical data, there
remain numerous data items of clinical importance that are
only available from largely unstructured text in Electronic
Medical Records or other clinical reports. The work with
deep learning and natural language processing will enable
automated and real time capture of key elements from
unstructured documents (such as pathology reports) that are
received in real time at each registry but currently require
manual data extraction. This approach can facilitate early
incidence reporting and for rapid screening of newly diag-
nosed patients for eligibility in clinical trials and other stud-
ies. As the data sources utilized by SEER are expanded to
include radiology reports and other documents, the automa-
tion will be developed to capture other key information such
as recurrence and progression that can be used not only to
better understand outcomes, but also to identify patients
who may be eligible for a trial at the time of their recurrence
diagnosis. In this effort, SEER is working with several part-
ners to develop, test, and implement a system for automati-
cally extracting specific, targeted data elements from existing
data sources such as pathology reports and radiology
reports. The lead partner in this effort is the DOE National
Laboratories, whose data science expertise and computa-
tional capacity are being leveraged. With close to 95% of
cancer patients in the United States being pathologically con-
firmed at the time of diagnosis and real time pathology data
flowing into PBCRs, the ability to greatly reduce the delay in
registry data availability is rapidly approaching reality due to
the development of this new system.4-7 Furthermore, as
both pathologic and radiologic confirmation are key sources
of recurrence identification, the infrastructure being devel-
oped by the DOE is also focused on automated identification
and capture of cancer recurrence.

SEER staff are also working to capture more detailed
treatment information including additional information
for radiation treatment as well as detailed systemic ther-
apy agents. For radiation oncology, we are working with
several radiation oncology practices and ASTRO to deter-
mine a minimal dataset that would provide clinically rele-
vant and longitudinal data on radiation therapy. Variables
to be included are: anatomic site, modality, technique,
date, and dose.

For capturing detailed systemic therapy, SEER staff are
working to utilize claims data from physician offices and
pharmacies. Currently SEER is receiving real time claims
data from oncology providers to capture detailed, longi-
tudinal treatment data. SEER has extensive experience
with utilizing registry-linked claims data from a long-
standing linkage with Medicare data (SEER-Medicare).8

Work is ongoing to expand linkages to commercial insur-
ers to provide better population level longitudinal treat-
ment information. An example of the types of analysis of
PBCR-linked claims data analyzed is provided in Figure 2,
which illustrates the dissemination over time for 4



Figure 2 Dissemination in the use of checkpoint inhibitors from oncology practices claims (2013-March 2019).
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checkpoint inhibitors in a subset of oncology practices in
Georgia.

In addition to the data obtained from claims, there is a
lack of RWD on the populations of cancer patients receiving
oral antineoplastic medications. To address this need, SEER
has been working with large commercial pharmacy
Table 1 The 12 Most Commonly Prescribed Oral Oncology Dru
(2013-2017)

Top 12 Drugs for Commercial Pharmacy
Claims byMajor Class

N

Alkylating agent 1
Antiandrogen 5
Antimetabolite 1
Aromatase inhibitor 2
Cyclin dependent kinase inhibitor 6
Enzyme Inhibitor 6
Immunomodulator 1
Monoclonal antibody 2
Plant alkaloid 1
Proteasome inhibitor 1
Selective estrogen receptor modulator (SERM) 1
Tyrosine kinase inhibitor 2
Total 7
organizations to link longitudinal oral antineoplastic medica-
tion claims with SEER to further enable research on medica-
tion utilization, disparities of care, and adherence to
prescribed treatment. An example of the frequency of oral
agents prescribed by class is illustrated in Table 1, which
provides the number of patients receiving the 12 most
g Classes from Georgia Administrative Pharmacy Claims

umber of Patients Number of
Prescription Fills

820 8858
161 35,075
5,146 136,479
8,165 239,538
61 4556
96 5561
102 11,638
03 989
83 529
46 881
6,393 187,006
706 19,928
2,382 651,038



Figure 3 Oncotype DX testing over time by race/ethnicity in SEER from 2010 to 2015.
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common oral antineoplastic treatments over a 4-year
period in a single SEER registry. Even though this does
not represent the entire US population, there were more
than 100,000 unique patients who received >750,000
prescriptions filled, underscoring the importance of
these data in understanding detailed treatment at the
population level. While the data sources described
above are not yet utilized for the entire SEER popula-
tion, these efforts have demonstrated feasibility and
the goal for SEER is to work to achieve such a level of
completeness.

Genomic testing laboratories represent another key
linkage. Genomic labs are also included in the public
health reporting mandate. SEER is routinely linking with
Genomic Health Incorporated to receive all Oncotype DX
21 and 16 gene assays since the test’s approval.9,10 An
example of the use of such linked data is shown in
Figure 3, which highlights the decrease over time in dis-
parities of testing among women with node negative,
HER2 negative early stage breast cancer by race and
ethnicity.

In conclusion, PBCRs are in an unparalleled position to
support the enhancement of existing RWD. Developing the
types of activities described above at the population level,
such as working across a myriad of external partnerships,
while ensuring high-quality data capture is absolutely essen-
tial to enable us to understand the use of new therapies and
the outcomes associated with these therapies outside the
clinical trial setting.
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