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Abstract

Pharmaceuticals approved in the United States are largely not known human carcinogens.
However, cancer signals associated with pharmaceuticals may be hypothesized or arise after
product approval. There are many study designs that can be used to evaluate cancer as an outcome
in the postapproval setting. Because prospective systematic collection of cancer outcomes from a
large number of individuals may be lengthy, expensive, and challenging, leveraging data from
large existing databases are an integral approach. Such studies have the capability to evaluate the
clinical experience of a large number of individuals, yet there are unique methodological
challenges involved in their use to evaluate cancer outcomes. To discuss methodological
challenges and potential solutions, the Food and Drug Administration and the National Cancer
Institute convened a two-day public meeting in 2014. This commentary summarizes the most
salient issues discussed at the meeting.
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Introduction

The approval process of pharmaceuticals involves rigorous evaluation of carcinogenic
potential. Cancer signals (drug-cancer associations) may be hypothesized based on drug
class or pharmacological properties or may arise from preapproval nonclinical and clinical
trial data, studies conducted following a drug’s approval or in some instances from adverse
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event reporting. If identified before approval (e.g., animal studies, human clinical trials),
depending on the strength of the evidence, the information on the signal may be included in
the product label, its approved use potentially restricted, and/or product approval may carry
a post-marketing requirement for further evaluation by the drug sponsor. Preapproval studies
have important limitations. For example, clinical trials frequently have highly selected study
participants due to strict inclusion criteria, limited number of participants, and short duration
of follow-up time.

Human postapproval studies, frequently observational, may better reflect real-world-use
patterns and capture the clinical experience for a larger and more representative sample of
participants with longer follow-up time. These studies may be better suited to evaluate
cancer signals arising before and/or after drug approval. However, there are important
methodological challenges in the evaluation of cancer as outcomes in the postapproval
setting, which require careful attention to ensure high-quality research design and
appropriate interpretation of results.

To discuss these methodological challenges and identify opportunities to improve the
available resources and methods, the U.S. Food and Drug Administration (FDA) and the
National Cancer Institute (NCI) convened a two-day public meeting in September of 2014
[1]. Discussions focused on harnessing available resources, along with challenges and
strategies to improve design, conduct, and implementation of studies that evaluate the
potential risk of cancer associated with use of nononcological drugs and biological products.
Epidemiology methodology was not the focus of this meeting unless directly related to the
evaluation of cancer as an unintended effect of regulated products. During the meeting, three
common, overlapping themes emerged: (1) the relation between cancer biology and
epidemiology; (2) data or population sources; and (3) methodological challenges. Main
points of discussions, challenges, and potential solutions arising from meeting discussions
are summarized in Table 1.

Theme 1: The relation between cancer biology and epidemiology

Cancer biology encompasses the complex system of molecular signaling pathways and
biochemical changes intertwined with regulatory proteins, immunomodulation, and
epithelial-mesenchymal transition. Cancer genetics intersects cancer biology to elucidate the
genomic and epigenetic mutations that underlay these changes. The fundamental multistage
process of carcinogenesis includes initiation, promotion, progression, invasion, and
metastasis [2]. Each of these stages corresponds to specific mutational or epigenetic changes
that correspond with biological changes that can provide insight into targeted mechanisms
and help inform study elements including risk windows [3-6]. Etiologic factors can be
broadly categorized as genotoxic (direct DNA damage) or nongenotoxic (alternative
mechanisms such as immune suppression, inflammatory response, or endocrine
modification) [7,8]. These mechanisms are important when considering the plausibility of
any agent to cause or promote cancer. Medicines can impact and possibly contribute to
cancer development through various mechanisms at various biological phases. However, the
ability to detect this progression is challenging. Drugs acting as initiators may take years to
eventually manifest a cancer, whereas their action as promoters in the inherited
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susceptibilities or suitable clinical conditions may have a shorter time to detection and
diagnosis. Examples of known promoters include hormones such as estrogen and drugs such
as diethylstilbestrol. Cancer biology in the context of study design has the ability to inform
and generate hypotheses, contribute biologically relevant mechanisms and pathways, and
provide insights for key study elements.

Theme 2: Data or population sources

The quality of any study is heavily reliant on the quality and extent of data capture.

Because prospective systematic data collection for cancer outcomes may be long-term,
expensive, and challenging, discussions at the meeting focused on opportunities to leverage
existing resources. Because existing data sources are generally collected for purposes other
than research, they may have inadequate or incomplete information on the clinical
experience of patients.

Electronic health care data sources

Existing data sources frequently used to evaluate cancer following drug exposure include
administrative claims, electronic medical records, registries, and health maintenance
organization (HMO) databases. Administrative claims data are typically collected for
insurance reimbursement purposes, and electronic medical records data are collected for
routine clinical care provision. The purpose of data collection can affect the availability,
quality, and completeness of data to evaluate a specific drug exposure and adverse outcome
association. General guidelines for the use of electronic health care data in
pharmacoepidemiology are found in the literature [9-11].

Several postapproval observational study examples were discussed at the meeting. These
include studies using existing electronic health care data to evaluate the association between
exposure to insulin glargine and risk of cancer using these data [12], and those leveraging
cancer registry data to identify cases for interview when evaluating the risk of osteosarcoma
associated with use of teriparatide [13]. Use of existing databases can provide large sample
sizes for timely and cost-effective analyses. Some databases (e.g., specific HMOSs) can even
link to disease or cancer registries and vital status databases. However, these databases also
have important limitations. Even with the vast amounts of available data on a large number
of individuals, when restricting to new users of pharmaceutical products, excluding patients
with preexisting conditions or imposing other inclusion/exclusion criteria, the loss in the
number of study participants available for analyses is impressive, reaching at times 90%, for
example, the glargine/cancer study.

Continuity of coverage can be another issue with regard to enrollment and disenroliment,
transfers, dual, or even overlapping insurance coverage limiting long-term follow-up of
individual patients. The available time to follow patients in most electronic health care
databases averages approximately 2 to 5 years, which may not be sufficient to identify
cancers with a long latency period. Follow-up in HMO networks is generally longer, but they
usually have restrictive formularies which can affect uptake of certain pharmaceuticals. An
exception is the U.S. Medicare database that allows long-term clinical follow-up for patients
over the age of 65 years or younger if eligible. With the availability of Medicare part D
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drug-coverage data beginning in 2006, once a patient enters the U.S. Medicare system, long-
term clinical follow-up is possible. The picture vastly differs for younger individuals (<65
years). Although commercial databases capture information on younger individuals, these
data sources lack comprehensive long-term information due to high rates of annual turnover.
Although no immediate solutions were identified to achieve longer term follow-up of
younger patients, focusing on patients at higher risk of cancer, in whom cancers may
develop sooner, may be a promising strategy in the evaluation of cancer risk in younger
patients.

Cancer registries

Access to cancer registry data is considered the gold standard for identifying and
characterizing cases. Cancer registry data may include detailed quality-controlled
information on the time of diagnoses, date of diagnosis, including stage, prognostic
indicators, histologic grade, demographic information about the patient, and information on
the initial course of therapy with limited information on chemotherapy and orally
administered treatments. Although cancer registries can provide a reliable source of cancer
information, they often do not contain data on noncancer drug therapy or important capture
of cancer risk factors such as smoking and BMI before diagnosis or detailed outpatient
cancer treatment following diagnosis. Also, many cancer registries are neither nationally
representative nor do they capture information on all reportable cancers in the United States.

There are different types of cancer registries: hospital, state, regional, national, and
international. In the United States, well-recognized national cancer registries are associated
with the NCI’s Surveillance, Epidemiology, and End Results (SEER) Program [14]. Better
known regional registries are associated with specific health plans (e.g., Kaiser Permanente),
and the state cancer registries include all 50 states, the District of Columbia, Puerto Rico,
and U.S.-afflliated Pacific Islands (e.g., Guam, American Samoa). The state or central
cancer registries have a legal mandate that requires all health care providers to report certain
information on a cancer case to the registry, and this reporting is HIPAA exempt. Patient
identifiers are maintained to enable long-term follow-up of each patient.

The focus of cancer registries is to collect information on cancer from time of diagnosis to
initial treatment and death; therefore, registries lack data on patients’ precancer exposures
including drug use. To assess the risk of exposures, cancer registry reports could be linked to
other linkable databases that capture drug information. Although many registries link to a
variety of data sources to support their mission of cancer surveillance, the ability to contact
patients for interviews requires obtaining institutional review board approval, and the
mechanisms to do so vary according to the state laws governing the central registry. Only
state cancer registries together could provide national cancer information. However, because
each state is governed separately, there are approximately 50 different requirements for
review and approval of each research protocol before any linkage can occur, entailing a
time-consuming and inefficient process. This is one of the biggest challenges to their
collective use for national research.

The North American Association of Central Cancer Registries (NAACCR) [15], a
nongovernmental umbrella organization, represents and assists state cancer registry
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stakeholders and facilitates cancer registration and data quality. Presentations and
discussions at the meeting suggested that NAACCR could assist in streamlining the approval
process by the states and facilitate data linkages. This has already been demonstrated
effectively in a pilot of a cohort study linking four different registries (Virtual Pooled Cancer
Registry Project) [1].

Although complete and timely data capture in cancer registries involves a time lag averaging
2 years, real-time case ascertainment based on near real-time acquisition of electronic
pathology reports (e-path reports) offers an opportunity to capture more recent data.
However, the e-path report is limited to information that is available at the time of initial
surgery such as histological characterization of prognostic markers, date of diagnosis, and
state where diagnosed.

Theme 3: Methodological challenges

The third theme materializing from the meeting involved methodological challenges,
including challenges related to identifying cancers, defining the risk period, estimating risk,
evaluating dose response, identifying comparison groups, and evaluating rare cancers
resulting from rare exposures.

Identification of cancer

When clinical studies or linkages to cancer registries are not possible, cancer identification
in large databases relies on computer-directed algorithms. These algorithms often require
validation with a gold standard (e.g., medical records). The validity of most algorithms to
identify cancer is poor, and investigators are trying to improve identification by developing
more complex, inclusive algorithms. An important effort currently underway at the Food and
Drug Administration is the development of validated computer algorithms using the SEER-
Medicare linked database. The computer algorithms are subsequently applied to the
remaining U.S. Medicare database for testing and validation.

Identifying the date of incident cancer is also challenging in databases. When using
electronic data, cancer history is identified during a predefined look-back period that is
usually too short to identify chronic cancer experiences. ldentifying an accurate diagnostic
date based on procedure and other clinical diagnostic codes from a history of benign
symptomology also presents a challenge because some cancers are insidious and may
develop long before the cancer is symptomatic or before the diagnosis is made. Thus,
determining whether the drug exposure actually preceded the development of cancer can be
problematic [16].

Considerations related to evaluation of multiple cancers

Even if specific cancers are identified in preapproval studies, the evidence for a cancer signal
may not be strong. Such signals raise hypotheses, but it remains unclear whether only one or
biologically similar cancers may be associated with drug treatment in humans. Therefore,
when considering cancer, the question frequently arises on whether investigators should
consider all cancers in aggregate, individual cancers separately, or consider only the specific
cancer(s) that generated the signal.
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Experts at the meeting generally agreed that aggregating all cancers into a single composite
outcome should be discouraged because cancers express heterogeneity, each with specific
biological mechanisms. The use of a rational, biologically driven approach to evaluating
specific cancers is preferred to appropriately understand risk attribution. For example, if a
drug influences hormone levels, the drug may potentially be related to a hormonally
influenced cancer. Looking at subtypes of cancers is also likely informative, as common
subtypes across different cancers may provide information on biological plausibility in terms
of mechanisms of action or specificity. When using large, linkable databases, information on
cancer types and tumor markers is usually available from some cancer registry records (e.g.,
KRAS) and can be used for this purpose.

Another related issue is whether, for exploratory analyses, investigations should look beyond
the prespecified cancer type(s) and consider other cancers given availability of data.
Although no consensus was reached among experts, all agreed on the importance of
interpreting the results of exploratory analyses of multiple cancers cautiously and
considering the role of chance findings if doing multiple evaluations.

Defining risk window and latency

In this document, the term risk period is used interchangeably with risk window to refer to
the period(s) when drug exposure exerts its effect on cancer development. The risk period
includes the concepts of induction (time from exposure to disease manifestation) and latency
(time from manifestation to disease detection) [17]. Because induction and latency periods
cannot accurately be differentiated in observational studies, the term latency is used to refer
to the time from exposure to ascertainment of outcome.

Contrary to adverse events which are expected to occur shortly after drug exposure, most
cancers are generally thought to develop over some period of time after initial exposure to a
causative agent (e.g., smoking and lung cancer). However, the notion of long latency in the
development of cancers may not necessarily generalize to novel exposures such as new
pharmaceuticals or new dosages. This concept will require a paradigm shift in the evaluation
of drug-related cancer signals, some of which arise from imbalances in trials of relatively
short duration. Information that generated the cancer signal, along with understanding of
cancer biology, may help inform the risk period assumptions necessary in the evaluation of
signals associated with use of pharmaceuticals.

In general, the actual risk period relevant for drug-associated cancers is poorly understood,
and it is possible that the length of the latency period varies by chemical product, dose, type
of cancer, and individual genetic susceptibility [7,18]. Understanding the potential
biologically relevant period of risk based on observed latency or lag between the symptom,
the diagnosis, and treatment requires a combination of statistical, clinical, and molecular
knowledge.

Some analytical approaches have been considered in an attempt to minimize
misclassification of the period of risk. One involves evaluating multiple risk windows and
lagging a cumulative exposure metric by fixed time intervals. Another involves the use of
methods such as maximum likelihood or cubic splines to empirically model and identify the
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best fitting risk window [19-24]. Results from the latter are population specific and may not
generalize or be comparable to all populations. Importantly, given the nature of most drug-
related cancer signals, there is rarely sufficient data to allow for reliable estimations of
empirical risk functions, regardless of analytical methodology used.

Considerations in risk estimation

Several issues impact the ability to accurately estimate risk in drug-related cancer studies.
As discussed, the biologically relevant risk window is typically uncharacterized, yet
assumptions about the risk window will influence the accuracy of risk estimates.
Furthermore, cancer risk is not expected to be proportional over time. Thus, average
estimates (e.g., hazard ratio averaged across follow-up time) are likely not able to properly
capture the risk profile over time. Modeling strategies able to accommodate the time-varying
nature of cancer risk are needed. In general, some experts agreed that the use of flexible
modeling techniques including splines to estimate the cumulative incidence risk functions
using the entire available data is preferred in the evaluation of cancer outcomes, particularly
in the setting of unknown risk windows.

In addition to considering the time-varying nature of cancer risk, it is also important to
consider that patients may not be exposed to the drug during the entire period of follow-up.
In general, ignoring adherence in studies of safety outcomes tends to dilute the drug effect.

Analyses that take into account patient exposure patterns are preferred. Because factors that
influence drug adherence may be related to both the subsequent development of cancer and
future treatment and are themselves influenced by treatment history, methods that estimate
effects of time-varying treatment in the presence of time-varying confounders should be
considered.

Evaluating dose response

The dose response relationship can be related to graded guidelines for dealing with levels of
toxicity in the case of pharmaceuticals such as digoxin or warfarin in some settings.
Although evaluation of a dose response may be important, these evaluations are often
limited by the approved drug dosages, which typically reflect the lowest dose that
demonstrates efficacy and safety in preclinical studies. Because of the chronic nature of
cancer and restrictions sometimes imposed on drug use (e.g., labeled use), there may not be
a clear response or dose response.

Considering several dimensions of drug exposure and time may be most informative. These
dimensions might include parameters describing the shape of the exposure response, time
since exposure, and intensity (e.g., level of exposure accrued during each time point) of
exposure.

Identifying the comparison group

When comparing an observed to an expected (i.e., background) cancer risk, the expected
cancer risk should be that of an internal or within-study reference group. This is the
preferred comparison to minimize differences in study populations across different data
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sources and study periods. However, finding an appropriate reference group in drug-cancer
studies, even within the same disease indication, is challenging for several reasons. First,
there may be specific reasons why patients and prescribers consider initiating one treatment
versus another, even for patients with the same underlying condition. For example, there
may be important differences in disease activity and patient-specific factors between patients
initiating a first-line compared to a second-line or a third-line treatment and between patients
initiating treatment with a newly marketed versus an established product. Patients initiating
treatment with a second-line biological disease-modifying antirheumatic drug (0DMARDS)
are more likely to have active disease than patients initiating treatment with first line
nonbiological [(nb) DMARDY], such as methotrexate.

Investigators should consider factors influencing cancer risk such as disease duration,
comorbidities, and medication adherence when selecting comparison groups.

Evaluating rare exposure and rare cancers

Evaluating cancer outcomes in settings of rare or restricted use of the suspected drug
exposure is difficult with existing resources. One example discussed at the meeting
identified the challenges of evaluating the risk of osteosarcoma, a rare bone tumor in
humans, in association with teriparatide use, a second-line injectable product used for the
treatment of postmenopausal women with uncontrolled osteoporosis [1], also a rare
exposure. Existing data sources cannot identify specific rare cancers without linking to
cancer registry information, the challenges of which were already described. Over the years,
several study designs (case series and a registry) were implemented to circumvent these
difficulties and evaluate the risk. These studies have yielded scant data given the challenges
when attempting to identify and interview cancer patients through multilayered requirements
imposed by state cancer registries. Experts agreed that studies evaluating rare cancers
subsequent to rare exposures may only be able to ascertain high levels of risk given the
resources available to date.

Future directions

The most immediate next step identified at the meeting likely to facilitate the identification
and characterization of cancers was proposed by NCI/SEER and NCI/NAACCR, leveraging
work they have ongoing.

NCI is supporting NAACCR in the development of the virtual pooled registry project [1].
This is a feasibility project, using a distributed network format that attempts to create a
nationally centered matching capacity between population-based state cancer registry
records and cancer investigators, to facilitate the identification, location, and duplication of
cancer records. The current demonstration project includes only seven states with the hope
of expanding to all states. A recent survey of central registries that represents over 65% of
the U.S. population reported their willingness to participate. Additional pilot studies are
underway to support the development of standardized processes for data submission and
matching on a larger scale.
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Conclusions

Based on the limitations of currently available tools and resources, the ability to provide
solutions will arise from collaborations between multidisciplinary scientists. It may not be
important, or possible, to conduct studies to evaluate the effects of all cumulative drug
exposure patterns on cancer risk. Instead, it may be more relevant, and feasible, to conduct
studies that evaluate the effects of a drug on cancer risk under certain specific scenarios,
including those most relevant to logical populations, comorbidities, and/or labeled use.
Observational studies can provide complementary evidence of medication use and augment
gaps in settings where clinical trials are less feasible. Harnessing the power of robust data is
vital to producing high-quality pharmacoepidemiology studies evaluating nononcology
treatments and the development of cancer. Improving data quality and database resources,
advancing methodological options, and evaluating biological mechanisms in the study
design are essential efforts in improving ability to evaluate the drug-related cancer risk in the
postapproval space.
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Table 1

Important challenges and potential solutions according to specific topics of interest

Issues of interest Relevant discussions/potential solutions

Theme 1: Cancer biology/pharmacoepidemiology relationship
Cancer biology . Generate hypotheses—informs consideration of

- Mechanism(s) of action and biological plausibility of a
pharmaceutical agent in the causation of cancer

- Biological pathways and signaling cascades. Examples include
medicines affecting hormone levels and potential relationship
with hormonally inducted or promoted cancer,
immunomodulatory agents, and cancers with a strong link to
the immune system

. Study design elements—informs

- Specificity and plausibility of exposure to clinical presentation
of cancer

- Biologically relevant cancer types, cancer stage, histology, and
molecular signature (e.g., EGFR in lung cancer)

. Study analysis—informs
- Coherence and temporality of study results

- Sensitivity analyses to evaluate latency and exposure
definitions

. Identification of confounders, for example, comorbid conditions that affect
the same mechanisms/relevant pathways

Theme 2: Data or population sources
Prospective cohorts (new and ongoing) . Advantages

- Ability to collect baseline information before outcome
occurrence

- May collect biological specimens

- May link to other databases including cancer registries and
state vital status databases

. Limitations
- Expensive
- Long-term follow-up of patients is logistically challenging

- Subject to complex HIPAA regulations

. Solution
- Harness use of ongoing cohort studies when possible and
appropriate
Use of existing data or population sources: A promising approach with unique methodological challenges
exposure &cancer outcome Advant
. \vantages
. Electronic claims databases and L. .
HMOs - Large number of study participants, no recall bias, some may
link to other databases
. Electronic medical records L
. Limitations

- Data collected for other purposes so not all needed information
is available (e.g., BMI, smoking, family history)

- High turnover rate resulting in short duration of follow-up
(some with long-term ability to follow-up; e.g., Medicare for
patients 65+ and younger if disabled)
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Issues of interest

Relevant discussions/potential solutions

Cancer identification—cancer registries

Theme 3: Methodological challenges

Cancer identification—computer algorithms

Selecting the cancer outcome

. Aggregated
. Targeted specific cancers or only
. Signaling cancer?

Risk window and latency

. Strengths

Limited options to link to national data: for example, state
cancer registries

Provides detailed cancer diagnosis data, date of diagnosis,
stage, prognostic indicators, histologic grade, demographic
information

Some registries provide cancer types, tumor markers, and
histology

. Limitations

. Solutions

Lack data on noncancer drug therapy, outpatient cancer
treatment, behavioral risk factors

Some cancer registries are neither nationally representative nor
have information on all reportable cancers in the United States

Long data lag (averaging 2 years)

Facilitate ability to link data to state cancer registries across the
country

Explore use of e-path cancer reports to obtain timely cancer
data

When linkage to cancer registries is not possible, algorithms have been considered to
identify occurrence of cancer outcomes

. Strength

Developed using existing data

. Limitations

. Solutions

Low PPV for many cancers
Not applicable to all data sources
Requires validation against gold standard

Difficult to identify incident cases because nonspecific
symptoms may occur long before diagnoses

Efforts exploring development of algorithms using SEER-
Medicare linkage (ongoing at the FDA)

. Points of discussion

. Problem

. Solutions

Aggregating all cancers is discouraged
Use of biologically driven approach is preferred

Exploratory analyses should be clearly specified and
interpreted

Role of chance needs to be carefully considered

Biologically relevant period of risk is unknown

Evaluate multiple windows; for example, lagging analyses

Using statistical methods to model and identify the best fitting
window; for example, splines

Estimate cumulative risk function using entire data
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Issues of interest

Relevant discussions/potential solutions

Time-varying nature of cancer risk

Comparison group

Rare cancers and rare drug exposure

Problem

Solutions

Problem

Solution

Problem

Solutions:

Consideration: available data may not be sufficient to allow for
reliable empirical estimations of risk functions

Risk of cancer can vary over time so use of person-years and
hazards ratio may not be ideal

Labeling and restrictions limit use and ability to evaluate
response/dose-response clearly

Estimate the cumulative incidence risk function using the
entire data

The underlying disease may influence cancer risk; for example,
disease duration

There may be specific reasons why patients receive certain
treatments, even if for the same indication; for example, first-
line versus second-line or third-line treatments

Consider disease activity/duration and type of treatment when
selecting comparator group

What study design(s) can be considered to evaluate rare
cancers associated with rare exposures?

No good solution proposed but the following were suggested

Studies evaluating the association between rare exposures and
rare cancers may only be able to ascertain high levels of risk

Facilitate the ability to link exposure databases to cancer
registries (e.g., Virtual Pooled Cancer Registry Project)
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