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Background: Lung cancer is the leading cause of cancer-related death in the United States and
globally, and many questions exist about treatment options. Harmonizing data across registries
and other data collection efforts would yield a robust data infrastructure to help address many
research questions. The purpose of this project was to develop a minimum set of patient and
clinician relevant harmonized outcome measures that can be collected in non—-small cell lung
cancer (NSCLC) patient registries and clinical practice.

Methods: Seventeen lung cancer registries and related efforts were identified and invited

to submit outcome measures. Representatives from medical specialty societies, government
agencies, health systems, health information technology groups, patient advocacy organizations,
and industry formed a stakeholder panel to categorize the measures and harmonize definitions
using the Agency for Healthcare Research and Quality’s supported Outcome Measures Framework
(OMF).

Results: The panel reviewed 66 outcome measures and identified a minimum set of 8 broadly
relevant measures in the OMF categories of patient survival, clinical response, events of interest,
and resource utilization. The panel harmonized definitions for the 8 measures through in-person
and virtual meetings. The panel did not reach consensus on 1 specific validated instrument

for capturing patient-reported outcomes. The minimum set of harmonized outcome measures is
broadly relevant to clinicians and patients and feasible to capture across NSCLC disease stages
and treatment pathways. A pilot test of these measures would be useful to document the burden
and value of the measures for research and in clinical practice.

Conclusions: By collecting the harmonized measures consistently, registries and other data
collection systems could contribute to the development research infrastructure and learning health
systems to support new research and improve patient outcomes.
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Background

Lung cancer remains the leading cause of cancer death in the United States and worldwide

is the most common cancer in both incidence and mortality, with an estimated 1.8 million
deaths annually.12 In 2021, lung cancer will account for an estimated 12% of new cancers in
the United States.2 Non-small cell lung cancer (NSCLC) accounts for approximately 85% of
all lung cancers. Although lung cancer deaths have decreased in recent years, a lung cancer
diagnosis has one of the lowest 5-year relative survival rates.3

The rapid and significant changes in NSCLC diagnosis and treatment have introduced
many pressing questions about, for example, which subpopulations would most benefit
from screening, how and when to combine immunotherapy with chemotherapy, and which
patients are unlikely to receive clinical benefit from immunotherapy. To address these

and other research questions critical to improving patient outcomes, innovative research
strategies and high-quality sources of data on the outcome measures that are most important
to patients and clinicians are needed.

Many registries already capture consistent, longitudinal, observational data on patients

with NSCLC to meet a wide range of purposes, from disease surveillance to quality
improvement to clinical research. A patient registry is defined as “an organized system

that uses observational study methods to collect uniform data (clinical and other) to evaluate
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specified outcomes for a population defined by a particular disease, condition, or exposure,
and that serves one or more predetermined scientific, clinical, or policy purposes.™ A
cancer registry is defined as “an information system designed for the collection, storage, and
management of data on persons with cancer.”®

Yet, it is currently difficult to link, aggregate, or compare data across existing patient

and cancer registries to support new research, because registries often capture different
outcome measures. Even when registries capture the same outcome (eg, progression), they
often define the outcome differently, reflecting the lack of consensus on outcome measure
definitions across medical specialties and across research and clinical practice. Variation
in outcome measures limits the ability of registries to serve as data infrastructure for new
research and reduces their value as building blocks for learning healthcare systems.®

To reduce variation and improve the utility of registry data, the US Department of

Health & Human Services, led by the Agency for Healthcare Research and Quality and

in collaboration with the FDA and the National Library of Medicine, has supported the
development of the Outcome Measures Framework (OMF). The OMF is a conceptual model
for classifying and defining outcomes in a standard manner for a broad range of conditions.”

Our goal was to use the OMF as a content model for developing a minimum set of
standardized outcome measures for use in NSCLC patient registries and clinical practice;
this effort was part of a broader effort to develop minimum measure sets in 5 clinical
areas.8~10 The objectives were to: (1) test the utility of the OMF for categorizing lung cancer
outcomes and for supporting harmonization of outcomes across treatment modalities, (2)
identify a minimum set of outcome measures that could be captured in NSCLC patient
registries and clinical practice, (3) agree on harmonized definitions for each outcome

in the minimum measure set, and (4) map the harmonized definitions to standardized
terminologies to support consistent implementation and collection of the outcome measures
within electronic health record systems (EHRS).

Outcome measures currently collected in lung cancer registries, quality improvement efforts,
other observational studies, public health surveillance initiatives, and clinical practice were
included in this harmonization effort. The harmonization methodology is described in a
related publication® and summarized here. Existing lung cancer registries were identified
through systematic searches of the Registry of Patient Registries,}1 ClinicalTrials.gov,12 the
published medical literature using PubMed and Google Scholar, and relevant websites using
Google. Identified registries meeting definitional criteria for a patient outcomes—focused
registry* and collecting data in the United States were invited to participate as voluntary
members of the registry workgroup; the registry workgroup also included thoracic surgeons,
medical oncologists, and radiation oncologists as clinical experts in NSCLC treatment and
measurement of outcomes. To provide a broader perspective, a multistakeholder panel was
formed to review the work of the registry workgroup.
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Participating registries submitted outcome measure specifications for workgroup review;
the workgroup also reviewed definitions from related harmonization efforts.13 Through a
series of virtual and in-person meetings, the workgroup categorized the measures using the
OMF categories of survival, clinical response, events of interest, patient-reported outcomes
(PROs), resource utilization, and experience of care, and defined a minimum measure set.
The purpose of the minimum measure set is to describe a core set of outcomes that could be
collected across all NSCLC registries and in routine clinical practice. For each measure in
the minimum set, the workgroup reviewed existing definitions, identified and discussed the
clinical significance of measure differences, and discussed how to harmonize the definition.

The workgroup recommended harmonized definitions and then met with the stakeholder
group to discuss the recommendations and reach consensus, where possible. As a final step,
clinical informaticists translated the narrative definitions to standardized terminologies to
support implementation of the definitions within EHRs. After a public comment period, the
minimum measure set was finalized.

A total of 17 registries were invited to participate, and 11 agreed to participate in the registry
workgroup (Table 1). Registries that declined to participate are described in supplemental
eTable 1 (available with this article at INCCN.org). The registry workgroup also included

3 clinical experts in the treatment of NSCLC, 1 biostatistician, and representatives from
NCCN who provided expertise in cancer registry design and data analysis.

Eight stakeholder organizations participated, representing patient organizations (Lung
Cancer Alliance, American Lung Association, Lung Cancer Research Foundation,
LUNGevity Foundation), health information technology (Flatiron Health), and federal
agencies (FDA, NCI, and National Library of Medicine).

A total of 66 outcome measures were collected and categorized using the OMF. The greatest
number were categorized as PROs (n=30), followed by clinical response (n=10), resource
utilization (n=9), events of interest (n=8), survival (n=6), and experience of care (n=3).

Eight measures make up the minimum set. Because the measure set is intended for broad use
across registries and clinical practice, the workgroup considered feasibility, relevance, and
burden of collection and reporting when recommending measures. Supplemental measures
are encouraged to address specific purposes. Table 2 lists measure definitions; the rationale
for selection of the measures and definitions is described in the following sections.

Three measures of survival (overall survival, 30-day mortality, and progression-free survival/
disease-free survival) are included in the minimum measure set. Overall survival should be
captured in all registries. Treatment-related mortality is an important concept to measure,
but ascertaining cause of death can be difficult, particularly in observational data sources.
Studies of surgical procedures often report all-cause mortality within 30 days of treatment.
To align with registries that focus on surgical procedures, the workgroup included 30-day
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mortality in the minimum measure set, noting that this measure will capture deaths related
to procedural complications as well as major acute toxicities related to systemic therapy. It
should be noted that this measure includes all deaths whether attributed to the treatment or
not and is not intended as a quality measure. Finally, progression-free survival/disease-free
survival are included in the minimum measure set because these outcomes have been used
for regulatory approval of new therapies in NSCLC, but there can be some limitations in
real-world practice, such as loss to follow-up and inconsistent documentation of progression.
Challenges related to progression and recurrence are discussed further herein. When
capturing the 3 survival measures, the workgroup emphasized that registries should collect
date of death and report clearly on efforts made to ascertain the outcomes of patients
categorized as lost to follow-up.

A key component of measuring survival, as well as the other outcomes in the minimum
measure set, is the recording of dates. Throughout the harmonization process, the workgroup
emphasized the importance of recording dates for diagnosis, treatment(s), and outcomes.
Dates play a critical role in determining the relationship of events to treatment and in
calculating measures such as overall survival and progression/recurrence. In addition, time
from diagnosis to treatment is correlated with patient outcomes.

Clinical Response

Progression and recurrence are widely used measures of clinical response and are included
in the minimum measure set. In clinical trials, progression typically is measured using
RECIST criteria or equivalent (eg, iRECIST), which focuses on changes in target lesions
over time and development of new lesions.1 The RECIST criteria are relevant across
specialties (surgeons, oncologists, radiation oncologists, radiologists) and are considered an
objective standard for measuring progression. However, the RECIST criteria are difficult
to apply retrospectively to existing data sources and have some limitations. For example,
the RECIST criteria do not consider symptomatic deterioration or other aspects of clinical
progression, and the criteria cannot be used for radiated lesions or osseous lesions without
a soft tissue component. Recognizing these limitations, the harmonized definition for
progression and recurrence allows for clinician documentation of progression/recurrence
or a change in therapy due to progression/recurrence. In all cases, date of progression/
recurrence and how progression/recurrence was documented should be recorded.

In addition, the workgroup noted that clinical response should not focus solely on change
in the tumor(s). Changes in how the patient is feeling should also be captured as a

measure of clinical response. Performance status, although subjective, is commonly used
for this purpose, and change in performance status is included in the minimum measure set.
However, the group cautioned that this information may not be recorded consistently in all
care settings.

Events of Interest

Two events of interest are included in the minimum measure set. In defining major
complications, the workgroup divided complications into 3 categories: surgical, radiation
therapy (RT), and systemic therapy. RT and systemic therapy complications are defined
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using the CTCAE, 5 which is widely used in cancer research. The workgroup did note that

a limitation of the use of CTCAE is that it emphasizes laboratory-based markers, as opposed
to patient-reported items. Registries should report the version number used, as the CTCAE
is updated regularly. In contrast, surgical complications are not typically captured using the
CTCAE. The workgroup recommended capturing surgical complications using the definition
from the STS National Database, which was generated through expert consensus, or CTCAE
when applicable.

In addition to major complications, the workgroup recommended capture of other
complications that result in a change in treatment, change in dose, or schedule delays,

noting that a toxicity may not be categorized as major according to CTCAE but may be
sufficiently bothersome to the patient to result in treatment changes. When capturing this
measure, it is important that documentation specifically link the change or delay to a specific
complication, as changes or delays may occur for other reasons (eg, patient vacation).

Patient-Reported Outcomes

PROs proved to be the most challenging harmonization area for the workgroup, and the
group did not reach consensus on a specific validated measure to include in the minimum
measure set. The participating registries capture a variety of PROs that measure different
domains. Some of the domains are broadly relevant in NSCLC treatment (eg, physical
functioning), whereas others are specific to a treatment modality or patient population
(eg, cough for patients receiving RT). The workgroup identified 4 important domains that
are relevant across treatment modalities and should be considered when selecting PRO
instruments: symptoms, functioning (cognitive, physical), role (ability to participate), and
toxicity.

Many validated, publicly available instruments capture these domains, such as the Trial
Outcome Index (TOI) of the Functional Assessment of Cancer Therapy-Lung (FACT-

L),18 Lung Cancer Symptom Scale (LCSS),17 Patient-Reported Outcomes Measurement
Information System-29 (PROMIS-29),18 and Edmonton Symptom Assessment Scale
(ESAS).19 These instruments differ in number of domains that are captured, the time
needed to complete, and the appropriateness for patients with differing stages of disease and
undergoing different treatment modalities. Because the minimum measure set is intended

to be broadly relevant, the workgroup concluded that it is feasible to recommend important
domains, but the selection of the instrument is left to the researcher because there was not
enough consensus to recommend a single measure.

Resource Utilization

In NSCLC, resource utilization includes hospitalizations, emergency department visits,
procedures, medications, and office visits, and costs are highly variable across the stages
of the disease. The workgroup recommended measuring all resource utilization related to
treatment of lung cancer but noted that further work is needed in this area to ensure that
resource utilization is captured and reported consistently across different registries.
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Experience of Care

Although not a direct patient outcome, experience of care measures is important in NSCLC
given the complex nature of the condition. The workgroup did not recommend a specific
measure, but noted that, depending on the care setting and patient population of interest,
collection of information on domains relevant to NSCLC, such as availability of resources to
manage side effects and symptoms, financial burden of illness, timeliness of care, and goals
of care, should be considered. More work is needed in this area to identify and recommend
specific validated instruments and to examine the correlation of these domains with patient
outcomes.

Characteristics and Treatments

In addition to harmonizing outcome measures, the workgroup identified characteristics of
the patient, disease, and provider that are important to collect to support risk adjustment and
relevant treatments and treatment intents (Figure 1). The workgroup did not recommend a
specific approach for risk adjustment; further work is needed in this area. As noted earlier, it
is critical to record dates for diagnosis, treatment(s), and outcomes.

Standardized Library

The narrative definitions were translated to standardized terminologies to create a common
outcome measure library that could be implemented within EHRs. The following were
defined for each measure: the initial population for measurement (eg, all patients with lung
cancer), the outcome focused population (patients who experienced the outcome of interest),
and the data criteria and value sets. Three challenges were noted in this process. First, EHRs
are unlikely to be able to capture the RECIST definition for progression and recurrence
using structured observations; it is more likely that an imaging report will assert a change in
lesion size, possibly with measurements, but without a specific reference to a specific set of
lesions that have been measured.

Regarding toxicity, >750 grade 3 or grade 4 complications are listed in the CTCAELS for
RT and systemic therapy. Rather than model each complication, observations were created
for CTCAE grade 3 and 4 findings. This approach also allows for the capture grade 3 or 4
complications regardless of the version of CTCAE used.

Last, in defining toxicity, the relationship between the complication and the presumed
inciting procedure/therapy is inferred by date/time stamps (as opposed to a directly asserted
causal relationship as is done in prospective clinical trials).

Discussion

The minimum set of harmonized outcome measures is broadly relevant to clinicians and
patients and feasible to capture across NSCLC disease stages and treatment pathways. The
harmonized measures are designed to build connections across routinely captured clinical
data and the data collected by research, quality improvement, and public health surveillance
efforts. Consistent collection of these measures in EHRs, patient registries, and other data
collection systems would create opportunities for efficient new research to describe NSCLC
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treatment patterns and patient outcomes across treatment modalities and understand the
effectiveness of new treatment approaches. Long-term capture of these outcome measures
would also provide much-needed information on 5- and 10-year outcomes of patients treated
with newer therapies.

Broad participation from a diverse group of stakeholders and registries who brought
experience and perspectives related to different treatment specialties, treatment outcome,
measurement of PROs, and use of existing data sources for research purposes was a strength
of this initiative. These perspectives enabled the workgroup to consider a wide array of
potential uses for the harmonized outcome measures. Translation of the narrative definitions
into standardized terminologies is also a major strength; standardization is intended to
facilitate consistent capture of the measures and support harmonization of data collection
across learning healthcare systems.

The minimum measure set has some limitations. Most notably, the workgroup was unable

to reach consensus on a specific validated instrument for measuring PROs. This finding
highlights the need for further research in several areas. First, additional research is needed
to guide the selection of appropriate PROs, particularly research into which domains are
important to patients and how these domains differ depending on disease stage and treatment
modality and intent. Next, information is needed about what level of respondent burden,
both in terms of number of questions and frequency of completion, is acceptable to patients
at various stages of the disease. And last, research is needed to explore how information
from PROSs can be used to inform clinical decision-making.

In the area of PROs, the workgroup diverged from the standard set of outcome measures for
lung cancer produced by the International Consortium for Health Outcomes Measurement
(ICHOM).13 ICHOM recommended the use of specific instruments, namely the EORTC
Quality of Life Questionnaire-Core 30 (QLQ-C30)20 and the corresponding lung cancer—
specific module (QLQ-LC13).2! These validated instruments were considered by the
workgroup but were not recommended for 2 reasons. The workgroup did not find evidence
of wide use of these instruments in either clinical practice or registry-based research in

the United States. In fact, only one of the participating registries reported use of these
instruments. The workgroup also expressed concerns about burden, because completion of
both questionnaires would require patients to answer 43 items.

In addition to the challenges related to PROs, further work is needed to improve the
documentation of progression in routine clinical practice. Further research is also necessary
to identify the experience of care concepts that are important to patients, clinicians, and
other stakeholders, to identify or develop validated instruments to capture these concepts,
and to determine how these measures may be used to inform clinical care. Implementation
of the minimum measure set in clinical practice will require the use of templates and
unstructured text in the EHR to reduce burden on providers. A pilot implementation of

the measures would be valuable for demonstrating feasibility, identifying barriers, and
describing the value of the measures for research and clinical decision-making.
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Finally, the minimum measure set should be reviewed and potentially revised on a regular
basis to reflect the rapidly evolving nature of NSCLC treatment and any implementation
challenges experienced by users of the measures, including the rapidly evolving role of
immune-based therapies in both advanced and localized stages of disease. Future revisions
should also seek to evaluate the evolving use of PROs in clinical practice and make specific
recommendations for PRO instruments.

Conclusions

By collecting the harmonized measures consistently, registries and other data collection
systems could contribute to the development research infrastructure and learning health
systems to support new research and improve patient outcomes.
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* Gender identity therapy. mmunothera.py) 7
 Race/Ethnicity /e éblatlvev(endobronchwl/percutaneous) /(' Clinical response
. / o
 Performance status (ECOG or Karnofsky) Ypporive /| ¢ Progression and recurrence (RECIST)
; : * Change in performance status
* Smoking (current status and history) "
: : : - (collect treatment dates, dose, duration)
¢ Social demographics (marital status, living Evonts of iiterest
situaAtionA] Intent * Toxicity

* Family history of cancer * Curative » Major complications (surgical, radiation, systemic
* Environmental/Occupational exposures * Palliative/Management therapy)

» Other complications that resulted in a change in
Disease treatment, change in dose, or schedule delay

* Date of initial diagnosis
* Basis of diagnosis (clinical, histologic, cytologic

Patient-reported
Collection of PROs that capture at least some of the

Stage at diagnosis (clinical and/or pathologic important domains using one or more validated
staging data,
evaluation, and tumor grade)

Diagnosed by screening (initial diagnosis and Resource utilization

including margin status, lymph node instruments is recommended.

* Healthcare utilization

Molecular markers (initial tests and retests at time Experience of care
of progression/recurrence) Further work is needed in this area

* Area of practice
* Treatment setting (academic vs community)

Figure 1.
NSCLC-specific OMF. The OMF depicts the minimum set of outcome measures

recommended by the workgroup (right column), as well as the characteristics of the
participant, disease, and provider (left column) and treatments of interest (center column)
that should be captured to support risk adjustment.

Abbreviations: CHF, congestive heart failure; CKD, chronic kidney disease; COPD, chronic
obstructive pulmonary disease; CVA, cerebrovascular accident; NSCLC, non-small cell
lung cancer; OMF, Outcome Measures Framework; PRO, patient-reported outcome; TIA,
transient ischemic attack.

8Including diabetes, liver disease, AIDS, moderate to severe CKD, CHF, myocardial
infarction, COPD, peripheral vascular disease, CVA or TIA, dementia, hemiplegia,
connective tissue disease, solid tumor, leukemia, malignant lymphoma, peptic ulcer disease.
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