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1. INTRODUCTION

1.1.Background

The number and proportion of people older than 65 years is growing. It is estimated that 12% of the
world population will be 65 years or older in 2030, and by the year 2050, that number will increase to
17%. In the US, the proportion of older adults is even higher, and by 2030, the geriatric population will
comprise 20% of the American population®. While other special subpopulations, such as pediatrics, are
seen as clear special clinical groups, less is invested in terms of research resources and clinical care
training to support the care of older adults.

The World Health Organization (WHO) has designated 2020-2030 as a “Decade of Healthy Ageing,”3
and one of the approaches that WHO has identified to improve the care of older adults is to “develop
and ensure access to services that provide older-person-centered and integrated care.” This approach is
different than the one we usually consider in medical care and healthcare. As WHO states, “Health
services are often designed to cure acute conditions or symptoms and tend to manage health issues in
disconnected and fragmented ways that lack coordination across care providers, settings and time.”*
While treating each condition separately might work in younger adults, the care that older adults
require is different than that required by younger adults. Younger adult patients usually deal with
individual health conditions, for which focused care and treatment might be appropriate. Older adults,
however, have different medical histories and experiences, which also vary from patient to patient. As
people age, they accumulate health conditions, and multimorbidity and chronic conditions become a
major part of the health status of older adults. Treating one condition at a time in a patient who suffers
from multiple conditions is not only inefficient, but also possibly physiologically impossible. In addition,
the treatments themselves are not always appropriate for care in older patients, even if proven to be

effective in younger patients. Furthermore, older adults are usually excluded from clinical trials, but



after drug approval, it is assumed that the effect of the drug on an older patient will be the same as that
exhibited in younger patients. This assumption is unfounded, since our bodies and organs change as we
age: the organs that are responsible for processing medications (the liver and kidneys) function
differently in older age, and older patients are therefore exposed to higher risks of adverse effects of
medications®. Finally, beyond the obvious differences in clinical and physiological conditions, older
adults also often have different goals regarding care, and different life circumstances. For example, they
might be interested in maintaining independence or a certain level of quality of life at the end of life,
and not only in increasing survival time after diagnosis at any cost.

The goal of developing older-person-centered and integrated care must be supported by evidence-
based guidelines and standards of care. An important aspect of any research study is obtaining the
appropriate data on which to base the results and conclusions. The best evidence usually comes from
randomized controlled trials (RCTs), the most common of which are clinical trials. However, older adults
are unfortunately often underrepresented in such studies for various reasons, including health,
economic burden on the patients and their families, communication issues, and ageism®’. Nevertheless,
even if they were regular participants in clinical studies, not every outcome or condition can be studied
under such study design. This is especially true in studies in older adults when the exposures of interest
might be chronic diseases (e.g. diabetes), long-term health behaviors (e.g. long-term smoking), or
mental or cognitive state (e.g. loneliness or dementia). Moreover, the outcomes that are important in
older adults might differ from those that are important in the treatment of younger adults (age 18-65).
The latter group might be primarily interested in curing a disease or increasing survival time, even if that
means enduring severe short-term side effects of therapy. In contrast, older adults might care more
about subjective outcomes that are not currently measured in clinical trials. Their outcomes of interest
might be more personal, such as managing symptoms and preserving independence and quality of life.

In addition, aging is a long-term process, and the outcomes of interest in aging-related research (e.g.



mortality, cognitive and functional decline, chronic symptoms) are usually developed over a number of
years, which is not a realistic follow-up time in RCTs. Therefore, these outcomes might be best
measured using real-world data (RWDs), such as cohort studies, surveys, longitudinal studies, and
administrative data.

In this PhD project, we investigate how taking into consideration unique characteristics of older
patients, as well as using appropriate research methods and data to study this group, would allow for
better healthcare for this growing part of the population. As part of this PhD project, we performed two
studies using RWDs, which examined the role of geriatric principles in care of older adults. In the first
study, we used national survey of physicians to examine the use of potentially harmful first generation
antihistamines in older adults. In the second study, we examined the patient relevant measures of well-
being in older adults diagnosed with multiple myeloma using longitudinal survey and claims data.

The structure of this thesis is as follows. The reminder of Section 1 contains the background on the
two topics that the PhD project focuses on — geriatrics principles in health care and RWDs. In subsection
1.2. we starts with describing the geriatric principles of care, and presenting the rationale for using them
in clinical care of older adults. Next, in subsection 1.3. we describe what RWDs are, and discuss their
potentials and limitations in health care research. Section 2 presents the overall goal of this PhD project,
as well as the detailed objectives of each of the two studies that are part of this PhD project. We
summarize each study in detail in Section 3, including the methodology, main results, and the studies’
contribution to understanding the two topics of the PhD project (geriatric principles in health care and
RWDs). The last subsection of Section 3, subsection 3.3., outlines the main conclusions the two PhD
studies. Section 4 includes the bibliography of sources used in this PhD project. Finally, section 5

includes the two publications included in this PhD project, as they were published.



1.2.Geriatrics Principles In Health Care

It is becoming increasingly evident in clinical care that a more individualized approach may be
more appropriate for the care of older adults. However, the current healthcare systems, most
specifically in the US, are not set up to handle the complexities unique to older patients and the
individual differences between patients. Clinicians, especially specialists, are often trained to treat the
disease that a patient has been diagnosed with, and not the patient and his or her individual
circumstances. It has been reported that 32% of the Medicare patients in the US undergo a surgical
procedure in the last year of life®. While every case is different, and we can make no general statements
about the need for or usefulness of those surgeries, it is clear that they were not lifesaving. The
surgeries did, however, expose those patients to complications and possible hospital stays®. Healthcare
decisions should always consider the benefits and risks of the procedures, and those considerations can
be different in elderly patients, where the risks might be higher and the benefits lower.

Linos et al. have proposed that clinical care decisions should be made with geriatric principles in
mind?, where decisions are based not only on the characteristics of the diagnosed condition, but also on
the characteristics (often aging-related) of the patient. The elements of such a geriatric framework
include the following: life expectancy; lag time to benefit; multimorbidity, polypharmacy, and
medication adverse effects; and function and cognition. These are explained below.

Life expectancy. The risks and harms of intensive treatments and procedures may outweigh the benefits
in patients who have short time to live. One example involves invasive surgeries for skin cancer that can
lead to discomfort and complications. While the skin cancer is removed, it likely would not have become
a major problem for a patient with a limited life expectancy. Surgery complications, however, do impact
the daily life of the patient and might contribute to a decrease in quality of life and other negative
outcomes. It has recently been demonstrated and adapted into clinical care that the life expectancy of

10,11

older adults should play a role when deciding on certain types of cancer screening or cancer



treatment!2. However, it is important not to conflict life expectancy with the chronological age of the
patient. While older patients generally have high risks of death, patients’ life expectancy at any age can
vary significantly depending on their health status. For example, an 80-year-old woman with one or two
chronic conditions and no functional impairment has a median life expectancy of 12.6—14.3 years. On
the other hand, a 65-year-old man with multiple chronic conditions and difficulty performing some
instrumental activities of daily living (e.g. shopping and household chores) has a much shorter life
expectancy of 5.0-7.2 years®®. This indicates that both age and health status should be taken into
account when making healthcare decisions.

Lag time to benefit. While all interventions are developed to lead to improved health, not all of them

lead to immediate or short-term benefits. This so called “lag time to benefit” has been estimated for
many medications and screening procedures®?, and it can vary from an immediate effect to a benefit
seen only after several years. For example, Lee et al. showed that it takes approximately 11 years to
prevent one death from breast cancer for every 1,000 mammography procedures performed today®.
This means that in general mammography screenings make sense mostly for women whose life
expectancy is longer than 10 years. It is important to balance the lag time to benefit of a specific
treatment and the patient’s life expectancy when making treatment decisions, as some older patients
might not live long enough to experience the benefits of the treatment, but might suffer from its
immediate adverse effects and complications'®.

Multimorbidity, polypharmacy, and medication adverse effects. Under similar circumstances, and while

being treated for similar conditions, older adults can experience complications that are not common in
younger patients. One of the most obvious differences between the groups is that older patients are
more likely to experience multimorbidity, since people accumulate health problems as they age.
Multimorbidity by itself can be a problem, as the body is less likely to be able to handle additional

diseases and treatments. Furthermore, multimorbidity can also lead to polypharmacy, which is



associated with several problems, such as interactions between different medications and overall
increased risk of adverse events!®8, Another aspect increasing the risk of adverse events in older adults
is that physiological differences between younger and older patients. Older patients bodies process the
medications differently, and therefore the medications shown safe in younger adults might be risky in
older adults®.

Function and cognition. Functional and cognitive decline are common in older adults. Approximately

20% of older adults report difficulty in performing one or more activities of daily living (bathing,
dressing, eating, using the toilet, walking across the room, transferring from bed), and approximately
21% of older adults have cognitive impairment?®. Some functional and cognitive limitations might affect
a patient’s ability to receive certain treatments (e.g. by not being able to visit the clinic or not being able
to follow instructions). Patients with such functional and cognitive problems often need support from
formal or informal caregivers. However, not all older adults have access to such support, and they might
thus not be able to adhere to the planned treatment.

The above-mentioned unique characteristics of older patients highlight the importance of
physicians being aware of both the most updated guidelines for treatment of older adults and the
priorities for older adults. As Linos et al. state!?, “it is possible that some individuals would chose less-
invasive treatment if they were given all relevant information. It is also possible that physicians would

make different recommendations if they had more guidance (including decision tools or evidence-based

guidelines) on this topic.”

1.3.Real-World Data

Compiling appropriate data and finding evidence for the relationships between variables are the
basis of any research. While the best evidence in medical research usually comes from RCTs, this design

is not always possible in practice. In studies of older adults, it might not be possible for the investigator
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to set the exposure of interest, which might be chronic diseases (e.g. diabetes), long-term health
behaviors (e.g. long-term smoking), or mental or cognitive state (e.g. loneliness or dementia) - all which
cannot be altered by the investigator. Moreover, the outcome might only be observed after a long
follow-up time, which might not be practical in clinical trial studies. Alternative sources of evidence are
observational data, based on RWDs, which includes data sources such as cohort studies, administrative
data, and physician surveys. In this PhD project, we differentiate between RWDs that were collected for
research purposes (e.g. cohort studies) and RWDs that were not originally intended for use in research
(e.g. claims data or administrative data).

We begin with a description of cohort studies. A cohort study involves a group of individuals
who are observed, possibly interviewed or completed questionnaires, and followed for a period of time.
As opposed to an RCT, where the investigator decides which participants receive the exposure, the
participants’ exposure in cohort studies is pre-determined (by the participant, environment, or life
history) and simply observed by the investigator. The outcome can be either observed as a part of the
study or ascertained from links to other data sources (e.g. mortality ascertained from NDI or diagnosis
ascertained from claims data or registries).

There are several advantages to using cohort studies in aging-related research. One advantage is
that multiple outcomes can be investigated — sometimes outcomes that were not even considered when
the study was designed. In addition, the researchers have a high degree of control over what and how
data are collected in survey studies, and they can include the exact questions that will address the
specific particularities of their research question. Another advantage is that the follow-up time can be
long, allowing for the study of long-term outcomes. Finally, in longitudinal studies, it is possible to
observe variables before and after the exposure, if the exposure occurs during the study.

Some of the strengths of large cohort studies are also their limitations. For example, the large

number of participants and the long follow-up period both make cohort studies expensive. In addition,
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as a consequence of the long follow up, the chance of loss to follow up is high, often because of the
death of study members before outcomes other than death occur. Another limitation of long-term
studies is that healthcare practices, such as diagnostic criteria and treatments, can change during those
studies. These changes can affect a researcher’s ability to interpret the results.

While cohort studies are designed for research purposes, large amounts of other potentially
useful data are also inadvertently being collected every day in a real-world setting. Examples of such
data are claims data, healthcare administrative data, and patients’ medical chart data, all of which are
frequently collected based on convenience; therefore, data collection methods are not consistent with
research methods. For example, many health insurance companies capture information on the medical
encounters as well as treatments and medications of their customers for payment purposes. However,
this data might be problematic for research, since we might only have information on what tests are
performed, but not the results thereof. In the same way, we might only have information on procedures
performed in a certain hospital, but not those performed on the same patient in other hospitals or
outpatient settings. Similarly, we might only have a record of new medications prescribed at a specific
doctor’s visit and not necessarily all the medications that a patient is taking at the time of the visit.

Despite their limitations, these types of convenience RWDs can still be beneficial in research studies
when used carefully and appropriately. While medical records or claims data can be messy because they
are administrative data and not research data, and because they are collected usually for
reimbursement purposes or for treatment records, such data also have several advantages. Data already
exist in charts or computer systems, and access to them can be easier, faster, and cheaper than primary
data collection. As a result, we might be able to generate cohorts of large sample sizes almost
instantaneously. Furthermore, RWDs reflect real-world patterns of care, not those determined by study
protocol. Finally, data mining approaches applied to RWDs can uncover key relationships that are not on

clinical radar, thereby generating hypotheses to be studied in further, possibly experimental studies.
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Regardless of study design and data type, research studies usually aim to compare two or more
groups based on their exposure and to quantify the magnitude of the effect of the exposure on the
outcome. Such comparisons are subject to confounding and the consequent biases generated.
Confounding is present when subjects’ characteristics, both observed and unobserved, are not balanced
between two comparison groups?. In RCTs, the balance of characteristics is usually achieved in the
study design stage, when the groups are randomized before treatment assignment. In contrast, in
observational studies, it is impossible to achieve this balance before the group assignment; therefore, it
must be considered in the analysis stage.

In the two studies included in this PhD project, we explored the use of matching methods to account
for baseline differences in comparison groups. As one of the groups in each study had a small sample
size, we had to carefully consider the following issues: matching methods, matching algorithms, and
matching ratios?%?2,

In our studies, on the one hand, we explore the potential of the use of RWDs in aging-related
research. On the other hand, we investigate and highlight the limitations of such data, and we

emphasize the importance of using the appropriate statistical methods in the analysis and accounting

for the limitations of the data in the interpretation of the results.

2. OBIJECTIVES

The goal of this PhD project is twofold: 1) to examine the role of geriatric principles in care of older
adults, 2) to explore the potentials and challenges of using RWDs in epidemiological and health
outcomes studies of older adults. The first goal was explored by answering questions about the clinical
care of older adults, both from objective (appropriateness of medication prescription and guideline
adherence) and subjective (patient experience) perspectives. The second goal was explored by using
multiple types of secondary data sources, including a physician survey (the National Ambulatory Medical

Care Survey), a longitudinal cohort study (the Health and Requirement Study), and health insurance
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claims data (US Medicare data). The results of our studies show how RWDs can be used to shed light on
the experience of older adults when being treated for medical conditions. While we identify several
limitations of the use of RWDs, we show how studies like this can provide valuable information which
can be used to design further research studies on a specific topic.

The specific aims of each of our studies were as follows:

1. To examine medication prescription patterns in older adults — The first study addressed the

following questions: Is it possible to assess prescription patterns of physicians based on a
national physicians survey? From a clinical perspective, are patient characteristics taken into
consideration when prescribing medications to older adults? Are some specialties of physicians
more likely to follow the guidelines for appropriate medication prescription for older adults?

2. To examine patient-relevant measures in older adults with multiple myeloma — The second

study addressed the following questions: Is it possible to use large-scale longitudinal cohort
studies, linked to Medicare data, to identify patients with a specific condition? Can we use
cohort studies to describe patient-relevant outcomes and to examine the changes in patients’
experiences over time? How do the experiences of patients with a certain condition differ from

those of healthy older adults?

3. SUMMARY OF PUBLISHED STUDIES

In this section we describe the two studies published as a part of this PhD project. For each study,
we present the rationale for performing the study, the methodology used, and a short summary of the
main results. Additionally, we describe how each study explored the two topics discussed in this PhD

project — geriatrics principles in care of older adults, and use of RWDs.
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3.1.Prescription of First-Generation Antihistamines in Older Adults

The first study included in this thesis is titled, “A Multi-Year Cross-Sectional Study of US National
Prescribing Patterns of First-Generation Sedating Antihistamines in Older Adults with Skin Disease.” It

was accepted for publication in the British Journal of Dermatology on April 25", 2019.

Rationale: The clinical background for this study concerns the safe prescribing of first-generation
antihistamines (FGAs) to older patients. Due to several known side effects in older adults ( e.g. cognitive
impairment, falls ,confusion, and constipation?>*?’) the American Geriatrics Society (AGS) categorizes
FGAs as potentially inappropriate for older patients®®. In this study we examined the prescription rate of
FGAs to older patients, and compared that rate among several subgroups (i.e., older vs. younger

patients, different diagnoses, dermatologists vs. primary care physicians).

Methods: We used data from the US National Ambulatory Medical Care Survey (NAMCS),
between years 2006 and 2015, and we included in the study the visits of adult patients to dermatology
offices and primary care physician (PCP) offices. The main outcome was prescription of any first
generation antihistamine, which was reported by the treating physician at the time of the visit. Other
main variables were: physician specialty, patient’s age and gender, diagnoses and other prescriptions at
the time of the visit, and reason for visit. We compared the patients across different subgroups using x>
tests. We determined if any patient and physician characteristics were independently associated with
FGA prescription using multivariate logistic regression. Finally, we assessed the differences between
dermatology and PCP visits using propensity score matching (PSM), to account for differences in patient
characteristics between those two specialties.

Main Results: Our study showed that dermatologists prescribed FGAs in 1.5% of visits by adults
over 65 years, which is similar to the prescription rate of younger patients (1.2%, p-value=0.19). We

observed some differences between older adults with and without FGA prescriptions: those with FGA
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prescriptions were more likely to have a diagnosis of dermatitis or pruritus, report an itch as the reason
for their visit, have a chronic problem, and have six or more prescriptions at the visit. However, we did
not find any association between FGA prescription and age, gender, or multimorbidity.

The prescription rate of FGAs among older patients in PCP offices significantly higher than the
rate in dermatology offices (4.5% vs. 1.5%, p-value < 0.001). Propensity score matching which included
patient and visit characteristics revealed that even in the matched samples, the FGA prescriptions at
dermatology visits were still lower than the rate at PCP visits (3.9% dermatology visits vs. 7.4% PCP
visits, p-value = 0.02).

Relevance to Geriatrics Principles: FGA prescription rates are similar regardless of age, gender,

and multimorbidity, suggesting that many physicians do not follow geriatric principles, and are therefore
potentially putting older and sicker patients at risk of adverse events, without evidence that those
medications provide the desired therapeutic benefit to those patients.?® Our findings also show that
dermatologists were less likely than primary care doctors to prescribe an FGA to patients with the same

skin conditions or in similar clinical circumstances.

Use of RWDs: Through the nationally representative cross-sectional survey of physicians, we had
information on basic patient demographics, and diagnoses and medications for each office visit
reported. While this kind of data gives a real-life picture of how physicians prescribe medications it also
has several limitations: (1) the maximum number of reported prescriptions increased from eight in 2006
to 30 by 2015, which might have changed the probability of recording FGAs over time. (2) physicians are
not required to report a diagnosis code for the prescriptions, so we cannot assess the reason for
prescribing FGA; (3) physicians are asked to record only the medications they prescribe at a specific visit,
and this can lead to exclusion of FGA prescription prescribed on another visit that are still being taken by
the patient; (4) similarly, we cannot assess cumulative anticholinergic burden® since we only have

prescriptions from a specific visit.
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Summary: The results of our study indicate that physicians overall do not follow the guidelines
of the AGS for FGA prescriptions to older adults. Our study also demonstrates that different clinical
specialists might be following different prescription patterns. Therefore, it might be possible to improve
the care of older adults with dermatological conditions by encouraging a collaboration between
dermatologists, geriatricians, and PCPs. Dermatologists might be more aware of proper treatments for
skin conditions; geriatricians might be more aware of risks unique to older adults; and PCPs are most
familiar with their patients’ overall health status and medical history. All three of those viewpoints are

essential for the optimal care of older adults.

Candidate contribution: The candidate (IC) was developed the concept of the study together with

the senior author (Dr. Eleni Linos), and was responsible for designing and performing the analysis of the

data and interpreting the results. The candidate also wrote the full manuscript.

3.2.Patient-Reported Measures in Multiple Myeloma Patients

The second study included in this thesis is titled, “Patient-Reported Measures of Well-Being in
Older Multiple Myeloma Patients: Use of Secondary Data Source.” It was accepted for publication in
Aging Clinical and Experimental Research on December 23, 2019.

Rationale: Multiple myeloma (MM) is a rare disease that disproportionately affects older
patients®. Due to its low prevalence in the population, recruitment of large number of multiple
myeloma patients into research studies can be difficult. Here we aim to show that it is possible to create
study cohorts of multiple myeloma patients using secondary data. The clinical side of the study focuses
on the patient experience of the older multiple myeloma patients. We know that recent pharmaceutical
developments lead to new treatments that increase the survival time in multiple myeloma patients>.

However, it is not clear how the quality of life of older adults is affected by these treatments.

17



Understanding those effects is important, since older patients are more likely to suffer from treatment-
related adverse events than younger patients, but are at the same time more concerned with symptom
management, the maintaining of independence, and quality of life32. In this study we examine the
changes in patients’ well-being, and how these changes compare to changes attributed solely to aging of
healthy older adults.

Methods: In this study we identified older MM patients using the Health and Retirement Study
(HRS) and Medicare claims. The measures evaluated in this study included activities of daily living (ADL)
and instrumental activities of daily living (IADL) impairment, difficulty with walking and climbing stairs,
vision and hearing impairment, significant pain, self-rated health, and depression. Those measures
describe several aspects of well-being of older patients, and are included in the geriatric assessment3%34,
We used McNemar’s test to compare the frequency of patient-reported measures (PRM) from before
and after multiple myeloma diagnosis. Additionally, we used propensity score matching to compare
change in PRMs between multiple myeloma patients and healthy older adults with similar baseline
characteristics over the same time period.

Main Results: We had access to Medicare claims of 26,044 HRS participants, and we were able
to identify 92 patients with multiple myeloma in this sample. Our study showed an increase in
impairments of PRMs after the multiple myeloma diagnosis, including increases in frequency of ADL
difficulty, difficulty walking several blocks, and difficulty climbing one flight of stairs. Additionally, more
patients reported experiencing hearing impairment, depression symptoms, and reporting poor or fair

self-rated health after multiple myeloma diagnosis.

Comparable HRS participants without MM diagnosis also reported increase in most impairments of
PRM over the same period of time, but the increase was smaller than the one experienced by MM
patients. For example, while 40% of the MM patients experienced increase in difficulty performing ADLs,

27% of the HRS participants without MM diagnosis experienced it (p-value = 0.04). Similarly, the
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frequency of participants reporting depression symptoms is more than double among MM patients

compared to HRS participants without the diagnosis (11% vs. 29%, p = 0.003).

Relevance to Geriatrics Principles: Our study showed that measures that are important to older

patients worsen after multiple myeloma. However, the patient reported measures that we examined in
our study are not usually considered priorities in treatment of older persons with cancer, and they are
rarely considered as outcomes in clinical trials of cancer treatments. We have also observed high
mortality rate in our sample of older adults (20% one-year mortality). This high mortality rate and the
reported decline in well-being suggest that supportive geriatric and palliative care should be a part of

care of older patients with multiple myeloma.

Use of RWDs: Our study demonstrated the following advantages of using longitudinal studies in
research: (1) in studies with long study period, we can observe over time enough cases of even rare
diseases; (2) because of the longitudinal nature of HRS, each participant is interviewed every two years.
This means all measures are potentially observed before and after the diagnosis; (3) we have the same
measures of well-being for a large sample of participants without multiple myeloma diagnosis. This
means that we can use those healthy participants to compare changes in the well-being between

healthy participants and patients with multiple myeloma diagnosis.

Our study also demonstrates several limitations: (1) multiple myeloma was identified from
Medicare claims using ICD9 codes, but Medicare data does not include any test results that could
confirm these diagnoses; (2) We cannot explain if the changes in the well-being are due to the disease
itself or specific treatments, since in our Medicare files we do not have information on treatments; (3)
HRS interviews are conducted every two years, and are of course independently scheduled from

multiple myeloma diagnosis. This means that the time between an interview and the diagnosis can
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range from 0 days to two years, during which time the health status and the well-being of patients can

change.

Summary: We showed that it is possible to use secondary data to identify patients with rare
diseases and create feasible study samples. While this and similar studies might be limited by some
aspects of data collection, they still provide valuable exploratory and hypotheses-generating
information. As showed by the results of this study, well-being of older patients worsens after MM
diagnosis, and the decline and the mortality rate in this group are larger than the decline and mortality
rate that healthy older adults experience as a normal part of aging. This indicates that multiple myeloma
treatments of older patients should include not only the treatment of the disease itself, but also

supportive geriatric and palliative care.

Candidate contribution: The candidate (IC) developed the idea and the concept for the study, and

she was responsible for performing the analysis of the data and interpreting the results. The candidate
also wrote the full manuscript and prepared the poster for the presentation at the DAGStat conference

in Munich in March 2019.

3.3.Conclusions

We performed two studies leveraging the use of RWDs in epidemiological and health outcomes
research in the aging population. The two overall goals of the studies were to examine the use of the
geriatric principles in clinical care of older adults and to assess the potentials of using RWDs in aging-
related research. Our studies have demonstrated that when analyzed appropriately and interpreted
carefully, RWDs can be used to describe basic patterns of care and patient experience. While the use of
RWDs unavoidably leads to some limitations in our studies, the results are nevertheless valuable in

understanding the care and experience of older patients. The information obtained in these studies can
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be used to generate hypotheses and design further studies. For example, our multiple myeloma study
found that patient-reported measures are significantly affected after the diagnosis and those measures
should thus be included in clinical trials.

Regardless of the type of data used, our studies also highlight the importance of considering the
geriatrics principles in clinical care of older adults. Physicians should balance the benefits and harms for
an individual patient, as well as patient’s personal preferences. Physicians should consequently not
follow one-size-fits-all guidelines. The guidelines for and the practice of clinical care for older adults
should consider each patient’s unique characteristics, such as general health status, polypharmacy,

cognition, and patient and family preferences.
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Summary

Background First-generation antihistamines (FGAs) are classified as ‘potentially
inappropriate” for use in older patients (patients aged > 65 years). However, the
prevalence of and factors associated with FGA prescription have not been studied.
Objectives To examine FGA prescription rates for older patients who visited derma-
tology offices, and compare them to those for younger patients (patients aged
18-65 years) who visited dermatology offices and those for older patients who
visited primary-care physicians (PCPs).

Methods This was a multiyear cross-sectional observational study using data from
the U.S. National Ambulatory Medical Care Survey (2006-2015). Visits by
patients aged 18 years or older were included in the study; the data comprised
15 243 dermatology office visits and 66 036 PCP office visits. The main outcome
was FGA prescription. Other variables included physician specialty (dermatologist
or PCP), pan‘em‘s age, diagnosis of dermatological conditions and reason for
visit.

Results For dermatology visits, the overall FGA prescription rate for older
patients was similar to that for younger patients (1:5% vs. 1:2%; P = 0-19),
even when the diagnosis was dermatitis or pruritus (3:7% vs. 4-8%; P =
0-21) or when itch was a complaint (7-6% vs. 6-7%; P = 0-64). However,
the rate of FGA prescription for dermatology visits was lower than that for
PCP visits, in analyses matched for patient and visit characteristics (3:9% vs.
7-4%; P = 0-02).

Conclusions Our findings suggest that FGAs are overprescribed to older patients but
that dermatologists are less likely to prescribe FGAs than PCPs.

What’s already known about this topic?

® First-generation antihistamines (FGAs) have been shown to pose substantial risks to
older adults, including cognitive impairment, falls, confusion, dry mouth and con-
stipation.

® Therefore, FGAs have been classified as ‘potentially inappropriate” for use in older
patients by the American Geriatrics Society.

e It has also been shown that dermatologists do not always take patient characteristics
(e.g. age or life expectancy) into account when deciding on a treatment, instead
following a ‘one-size-fits-all” approach.

British Journal of Dermatology (2019) 1
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pruritus or itch).

offices.

What does this study add?

® FGAs are often prescribed during dermatology visits, and prescription rates do not
differ between older and younger patients.

e There were no significant differences in prescription rates when comparing
younger and older adults with the same diagnosis or symptom (e.g. dermatitis,

® FGAs are prescribed at higher rates in primary-care offices than in dermatology

By 2030, one in five Americans will be over the age of 65
years, with the fastest-growing segment of the U.S. popula-
tion — those over the age of 85 years — expected to double
from 4.7 million in 2003 to 9-6 million in 2030." As the
number of older adults continues to increase, there is an
urgent need (o incorporate the principles of geriatrics into
the clinical practice of dermatology.' One such principle is
the safe prescribing of medications, which has been
identified by the American Geriatrics Society (AGS) as a
Ppriority.

First-generation antihistamines (FGAs) are used to treat
skin discases, including chronic pruritus. This is particularly
relevant, as the symptom of chronic pruritus or iich is
especially common among older adults and accounts for
almost 7 million physician visits each year.” However, the
vast majority of itch experienced by older adults is not his-
tamine mediated,” making the benefit of these prescriptions
questionable. In addition, the fact that FGAs are synthesized
from chemical stems similar to those used for the synthesis
of anticholinergic agents leads to receptor nonspecificity and
consequent  anticholinergic side-effects. It has been shown
that anticholinergic medications pose substantial risks 10
older adults and have been linked to cognitive impairment,
falls and side-effects such as confusion, dry mouth and

u Moreover, FGAs are able to cross the

constipation. =
blood—brain barrier and so can affect the sleep—wake cycle,
memory and concentration.'’ Thus, FGAs have been classi-
fied as ‘potentially inappropriate’ for use in older adults:
the AGS recommends providers ‘avoid’ them and lists the
strength of that recommendation as ‘strong’, due to their
significant anticholinergic effects.”

In this study, we examine FGA prescriptions in older
patients with skin disease, and compare the prescription rates
with those of younger patients. We hypothesized that certain
subgroups, such as the oldest patients, would receive fewer
FGAs, given the increased risks of adverse effects in older
patients. Additionally, we examined the differences in pre-
scription  patterns between dermatologists and primary-care
physicians (PCPs). We hypothesized that dermatologists are
more aware of the risks of antihistamines, and their lack of
efficacy in most forms of chronic pruritus, and would there-

fore be less likely to prescribe them.

British Journal of Dermatology (2019)

Patients and methods

Data source

The National Ambulatory Medical Care Survey (NAMCS) is a
national survey designed o collect information about the use

11 9
Informa-

of ambulatory medical care services in the U.S.A.
tion is collected from the physicians on a sample of patient
visits to nonfederally employed, office-based physicians. Each
participating physician is assigned to a l-week reporting per-
iod, during which, information on visits is abstracted using
the Patient Record form.'* Data obtained during the visit
include patient demographics, the patient’s reason for the visit
(including symptoms), the physician’s diagnoses, services
ordered or provided and treatments (including medications).
Additionally, basic information about the physician and his or
her practice is collected

We analysed the NAMCS dataset for the years 2006—2015.
During this time, between 1300 and 3800 physicians partici-
pated every year, with an average response rate of 50-2%."
We limited our analyses to visits by patients aged 18 years or
older, because dermatological symptoms in younger patients
might be caused by different mechanisms and can be treated
differently. Additionally, we only considered visits in two sub-
specialties: dermatology and primary care. This resulted in a
sample of 81 279 visits: 15 243 visits to a dermatology office,
and 66 036 visits to a PCP office.

Measures

For each visit, we identified whether the visit resulted in a
prescription (new or continued) of FGAs, as recorded on the
Patient Form in response to the question ‘Were any prescrip-
tions or non-prescription drugs ORDERED or PROVIDED (by
any route of administration) at this visit?”. The number of
possible medications reported ranged from eight in 2006 to
30 in 2015. The list of medications used to identify FGAs is
reported in Table 1. We also collected information on multi-
comorbidity, which was defined as the presence of two or
more of the following conditions: arthritis, cancer, cerebrovas-
cular discase, chronic obstructive pulmonary disease, conges-
tive heart failure, depression, diabetes and hypertension. The

© 2019 British Association of Dermatologists
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Table 1 List of first-generation antihistamines included in the study

Brompheniramine
Carbinoxamine
Chlorcyclizine
Chlorpheniramine
Clemastine
Cyproheptadine
Dexbrompheniramine
Dexchlorpheniramine
Dimenhydrinate
Diphenhydramine (oral)
Doxylamine
Hydroxyzine
Meclizine
Methapyrilene
Phenindamine
Pheniramine
Phenyltoloxamine
Promethazine
Pyrilamine
Tripelennamine
Triprolidine

presence of any one of these conditions was assessed with the
response to the question ‘Regardless of the diagnoses previ-
ously entered, does the patient now have —', which was
accompanied on the form by a list of potential conditions.
Polypharmacy was defined as the prescription of six or more
medications at the visit.'* Diagnoses related to the visit were
recorded using the response to the question ‘As specifically as
possible, list diagnoses related to this visit including chronic
conditions’. A diagnosis of dermatitis was identified by the
use of the International Classification of Discases 9th Revision
(ICD9) codes 691.xx, 692.xx, 693.xx and 708-0, and a diag-
nosis of pruritus (itch) was identified by the use of the ICD9
code 698.xx. The symptom of itch was identified from the
response to the question 'List the first 5 reasons for visit (i.e.
symptoms, problems, issues, concerns of the patient) in the
order in which they appear. Start with the chief complaint
and then move to the patient history for additional reasons’.
Visits for which itch was listed as any one of the five reasons

were included in the analysis. In addition, for each visit, we
determined whether the payment had been covered by private
insurance or one of the following nonprivate sources: Medi-
care; Medicaid, Children’s Health Insurance Program or some
other state-based programme; self-pay; or some other source.

Analysis

Firstly, we examined the characteristics of older patients (de-
fined as patients = 65 years old) who visited a dermatologist,
and compared the number of patients who received FGA pre-
scriptions at their visits with that of those who did not. The
goal was to identify possible factors associated with FGA pre-
scription in older adults. Factors considered were age (65-74
years vs. = 75 vyears), sex, race (white vs. nonwhite),

© 2019 British Association of Dermatologists

insurance type (private vs. nonprivate), reason for the office
visit (chronic vs. nonchronic problem), the presence of two
or more chronic conditions, polypharmacy, a diagnosis of der-
matitis or pruritus, and listing itch as a symptom.'® Following
the univariate analyses, we performed multivariate logistic
regression to assess whether any of the risk factors identified
in the unadjusted analyses remained associated in the adjusted
analysis. The regression model included all the variables
described above. Reports missing values for insurance type
(n = 222) or the reasons for the visit (n = 109) were excluded
from the multivariate analysis.

Next, we compared the FGA prescription rates for younger
dermatology patients (those aged 18—65 years) and older der-
matology patients, overall and in two subgroups: those with a
diagnosis of dermatitis or pruritus, and those with itch as a
symptom. The differences were assessed using the y-test.

Finally, we compared the rates at which FGAs were pre-
scribed to older patients at PCP office visits with the rates at
which FGAs were prescribed to older patients at dermatology
office visits. Firstly, we examined the prescription rates for vis-
its by older patients to either a PCP office or a dermatology
office, comparing two subgroups of patients: patients with a
diagnosis of dermatitis or pruritus, and patients who presented
with itch as a symptom. Next, because PCPs and dermatolo-
gists see patients with different medical conditions, we limited
the sample of PCP office visits to only those visits with at least
one of the 50 most common dermatological diagnoses.'® Tn
order to account further for any possible differences between
demographic or health factors for patients visiting a dermatol-
ogy office and those visiting a PCP office, we matched patients
with common dermatological diagnoses, using propensity
score maLchmg.I7 In the matching process, we accounted for
the following variables: age (65-74 years vs. > 75 years), sex,
race (white vs. nonwhite), type of insurance (private vs. non-
private), reason for the office visit (chronic vs. nonchronic
problem), multicomorbidity, polypharmacy and whether the
visit took place before or after 2012 (the year the Beers crite-
ria for potentially inappropriate medication use in older adults
were first published). Propensity score matching identified
pairs of patients, one of whom had visited a dermatology
office and one who had visited a PCP office, who had similar
probabilities of being dermatology patients, given the variables
above. The FGA prescription rates in the two matched groups
were then compared using McNemar's test.

We report the unweighted raw number of surveys com-
pleted, and the weighted percentages those surveys represent
after adjusting for survey weights and design factors. Statistical
analyses were performed using SAS 9-4 (SAS Institute Inc.,
Cary, NC, U.S.A.) and Stata/MP 14 (StataCorp, College Station,
TR, U Ay e

Results

From the NAMCS dataset, we identified 15 243 visits to der-
matologists. Of these, 5967 (39%) were by older patients

(Table 2). Of these, 50% were women, the majority were

British Journal of Dermatology (2019)
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Table 2 Characteristics of dermatology patients aged 65 years or over, and adjusted odds ratios for first-generation antihistamine prescription

No FGA FGA prescription, Unadjusted Adjusted OR Adjusted
Characteristics Total, n (%) prescription, n (%) n (%) P-value (confidence interval) P-value
Unweighted n 5967 5871 96 = 2 =
Weighted n 121 269 336 119 457 990 181 1346 = = =
Age (years)
65-75 3010 (50) 2959 (50) 51 (53) 0-66 1 0-28
=75 2957 (50) 2912 (50) 45 (47) 0-7 (0-4—13)
Sex
Female 2937 (50) 2877 (50) 60 (63) 0-07 1 0-22
Male 3030 (50) 2994 (50) 36 (37) 0-7 (0-3-1-3)
Race and ethnicity
Nonwhite 446 (7) 431 (7) 15 (13) 0-04 1 0-25
White 5521 (93) 5440 (93) 81 (87) 0-6 (0-3—1-4)
Insurance type
Nonprivate 4710 (82) 4634 (82) 76 (89) 0-10 1 0-24
Private 1035 (18) 1017 (18) 18 (11) 0-7 (0-3-1-3)
Reason for visit
Nonchronic problem 3334 (57) 3284 (58) 50 (44) 0-05 1 0-06
Chronic problem 2524 (43) 2479 (42) 45 (56) 1-8 (1-3-2)
Number of comorbid conditions
) 4521 (77) 4453 (77) 68 (79) 0-67 1 0-14
=2 1446 (23) 1418 (23) IR 2y 0-5 (0:2-1:3)
Number of medications
<6 5022 (87) 4973 (88) 49 (60) < 0-001 1 < 0-001
>6 945 (13) 898 (12) 47 (40) 4.7 (2:2-10-1)
Diagnosis of dermatitis and/or pruritus®
No 5118 (86) 5058 (87) 60 (66) < 0-001 1 0-01
Yes 849 (14) 813 (13) 36 (34) 2:2 (1:2- 3.9}
Itch symptom
No 5710 (95) 5633 (95) 77 (73) < 0:001 1 < 0-001
Yes 257 (5) 238 (5) 19 (27) 4.7 (2:1-10-9)

FGA, first-generation antihistamine, *International Classification of Diseases 9th Revision (ICD9) codes for dermatitis: 69 1.xx, 692.xx, 693.xx

and 708-0; ICDY code for pruritus (itch): 698.xx.

white (93%) and 82% had nonprivate insurance. The most
common diagnoses coded by physicians were actinic keratosis;
malignant neoplasm of skin; other seborrheic keratosis; contact
dermatitis or other eczema; and personal history of malignant
neoplasm of skin. Overall, 14% of these visits resulted in a
diagnosis of pruritus or dermatitis. The most common reasons
for these visits were skin lesions, discoloration or abnormal
pigmentation, skin cancer and skin rash. Itch was reported by
patients as a reason for the visit in 5% of visits. FGAs were
prescribed in 1-5% of visits to dermatologists by older
patients.

Older dermatology patients with FGA prescriptions were
more likely to have been diagnosed with dermatitis or pruritus
(34% vs. 13%, P < 0:001), more likely to have reported itch
as a reason for the visit (27% vs. 5%, P < 0-001), less likely
to be white (87% vs. 93%, P = 0-04), more likely to have a
chronic problem (56% vs. 42%, P = 0-05) and more likely to
have six or more prescriptions at the visit (40% vs. 12%, P <
0-001), compared with older dermatology patients without
FGA prescriptions. Age, sex, insurance type and multicomor-

bidity were not associated with FGA prescription in older

British Journal of Dermatology (2019)

patients during dermatology visits (Table 2). In analyses
adjusted for demographics, health and visit characteristics, we
found that polypharmacy [adjusted odds ratio (AOR) 4.7,
95% confidence interval (95% CI) 2:2-10:1], a diagnosis of
dermatitis or pruritus (AOR 2-2, 95% CI 1-2-3-9) and itch
being listed as a reason for the visit (AOR 4-7, 95% CI 2-1-
10-9) remained associated with FGA prescription (Table 2).

For the 15 243 visits to dermatologists, FGA prescription
rates for younger patients were similar 1o those for older
patients; specifically, there was no significant difference in the
overall FGA prescription rates (1:2% for younger patients vs.
1-5% for older patients; P = 0-19). Furthermore, there were
no significant differences in FGA prescription rates between
visits with a diagnosis of dermatitis or pruritus (4:8% for
younger patients vs. 3-7% for older patients; P = 0-21) or vis-
its during which itch was reported as a reason for the visit
(6-7% for younger patients vs. 7-6% for older patients; P =
0-64; Table 3).

Of the 66 036 visits to PCPs, 16 995 (25.7%) were by
older patients. The overall FGA prescription rate for older

patients for visits to a PCP office was 4-5%. Patients with a

© 2019 British Association of Dermatologists
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Table 3 First-generation antihistamine (FGA) prescription rates for younger dermatology patients (patients aged 18-65 years) vs. those for older

dermatology patiemts (patients aged > 65 years), according to diagnosis subgroup

FGA prescription rates for

EGA prescription rates P-value for younger

Characteristics younger patients, n/N (%) P-value for older patients, n/N (%) P-value vs. older patients
Overall 135/9276 (1-2) - 96/5967 (1-5) - 019
Diagnosis of dermatitis and/or pruritus

No 66/7925 (0-6) < 0-001 60/5118 (1-1) < 0-001 <001

Yes 69/1351 (4:8) 36/849 (3:7) 0-21
Iich symptom

No 112/8960 (1-0) < 0-001 77/5710 (1-2) < 0-001 0-48

Yes 23/316 (6:7) 19/257 (7-6) 0-64

Table 4 First-generation antihistamine (FGA) prescriptions for patients aged 65 and over for dermatology office visits vs. those for primary-care

physician (PCP) office visits

FGA prescription rates for dermatology

FGA prescription rates for P-value for dermatology

Characteristics  office visits, n/N (%) P-value PCP office visits, n/N (%)  P-value vs. PCP visits
Overall 96/5967 (1-5) — 791/16995 (4-5) - <0-001
Diagnosis of dermatitis and/or pruritus

No 60/5118 (1-1) <0-001  757/16777 (4-3) <0:001 < 0-001

Yes 36/849 (3-7) 34/218 (14-3) < 0:001
Irch symptom

No 77/5710 (1-2) <0:001  778/16913 (4:4) <0001  <0-001

Yes 19/257 (7-6) 13/82 (14.7) 002

diagnosis of dermatitis or pruritus were more likely to be pre-
scribed FGAs in PCP offices than were those with other diag-
noses (14-3% vs. 4:3%, P < 0-001). Similarly, patients who
reported itch as a reason for the visit were more likely to
receive an FGA prescription than those who did not (14-7%
vs. 4:4%, P < 0-001; see Table 4). In comparison, 3-7% of
dermatology patients with a diagnosis of dermatitis or pruritus
(vs. 14-3% of PCP patients, P < 0-001), and 7:6% of derma-
tology patients with itch as the reason for the visit (vs. 14:7%
of PCP patients; P = 0-02) were prescribed FGAs.

We then identified 685 (4-0%) PCP office visits by older
patients who had at least one diagnosis from the 50 most
'* Of the 5967 visits to der-
matology offices, 4206 (70-5%) were by patients who had

common dermatologic diagnoses.

one of these diagnoses. Using propensity score matching, we
matched 637 (93:0%) dermatology and PCP office visits. The
rate of FGA prescription at dermatology office visits in the
matched sample was lower than that at PCP office visits (3-9%
vs, 7-4%; P = 0-02).

Discussion

Older patients received FGA prescriptions at approximately
1-5% of dermatology visits, a prescription rate similar to that
for younger patients. Patients were more likely to receive an
FGA prescription if one of their presenting symptoms was
itch, or if their diagnosis was dermatitis or pruritus. Dermatol-
ogists were less likely than PCPs to prescribe an FGA to

© 2019 British Association of Dermatologists

patients with itch or dermatitis. More specifically, a compar-
ison of PCP and dermatology visits that were similar in patient
and visit characteristics suggests that dermatologists were less
likely to prescribe FGAs, compared with PCPs in similar clini-
cal circumstances.

Our finding that FGA prescription rates do not differ by age
suggests that there is a potential overuse of FGAs among older
patients with skin disease. Our findings also show that derma-
tologists and PCPs differ in their use of FGAs in older patients
with skin disease.

Many FGAs are considered ‘Potentially Inappropriate Medi-
cations” in older adults by the AGS Beers criteria,* because of
their potential for adverse effects in this patient population. In
addition to its well-documented adverse effects on the central
nervous system, FGA use is associated with increased risk of
injurious falls and fractures in elderly adults, as recenty
shown in a large systematic review, ™’ Although we hypothe-
sized that older patients would have lower rates of FGA pre-
scription because of this, we did not find it to be the case.
This is despite the fact that most chronic pruritus is mediated
by nonhistaminergic pathways that are not targeted by FGAs.?
Many older patients with skin disease may therefore be put at
risk of adverse events from FGAs, in the absence of evidence
that these medications would provide therapeutic benefit.”!

To put the FGA prescription rate in perspective, it is esti-
mated that, in 2015, at least 433 480 dermatology visits by
older patients were associated with an FGA prescription. It is
certainly likely that some of these prescriptions were
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appropriate and therapeutically useful, with provider and
patient balancing risk and benefit. However, we did not find a
statistically significant difference between the FGA prescription
rate for older patients and that for younger patients, which
would be expected if physicians took into account the risks of
FGA use in older patients. It therefore appears that dermatolo-
gists may not be tailoring their FGA prescription patlerns 1o
the unique needs of older patients. This finding is consistent
with prior studies showing that patient characteristics are not
always taken into account when caring for older patients with
skin disease. For example, a patient’s life expectancy does not
affect the choice of treatment of skin cancer in the U.S.A.*

We expected to see differences in FGA prescription rates by
sex, because men are more likely to experience urinary side-
effects due to antihistamines. Similarly, patients with compro-
mised health are extremely susceptible to the adverse effects
of any medication,” and we expected to see a lower rate of
FGA prescription among patients with a higher number of
comorbidities. However, we found no statistically significant
differences in FGA prescription rate by sex or number of
comorbidities.

PCPs wreating older patients with common dermatological
conditions prescribed FGAs in 7-4% of visits, This is consistent
with previous work using data from NAMCS that showed that
a ‘high-risk anticholinergic prescription” (including, but not
limited to, antihistamines) was prescribed in 6-2% of office
visits for older pattients.15 In comparison, dermatologists pre-
scribed FGAs in 3-9% of visits with common dermatological
diagnoses and similar patient characteristics. The difference
between the FGA prescription rate for dermatologists and that
for PCPs i
ical reasons that justify this difference. PCPs may be more

statistically significant; however, there may be clin-

familiar with their patients’ medical history and overall health,
and are therefore better able to assess individual needs and the
balance of risks and benefits of treatments to individual
patients.

Our study has several limitations. Firstly, NAMCS is a cross-
sectional survey including a small portion of office visits.
Nonetheless, the survey is nationally representative and the
largest of its kind in the U.S.A. Secondly, in the early years of
data collection, a maximum of eight prescriptions were
recorded, but that number increased to 30 by 2015. Thirdly,
we have diagnoses recorded by physicians at that visit, but
prescriptions can be written without a diagnosis code (e.g. a
physician might renew an older FGA prescription). Fourthly,
because the dataset does not include the list of all the medica-
tions that the patient might be taking at the time of the visit,
but enly the medications prescribed or renewed at that speci-
fic visit, underestimation of FGA prescriptions in our study is
therefore possible if patients were already taking medications
prescribed by another physician. Finally, a fundamental issue
with the anticholinergic side-effects in older patients is the
** rather than the anti-
e. The NAMCS

methodology does not allow for a complete assessment of a

cumulative anticholinergic burden,

cholinergic effect of a single individual medi

patient’s anticholinergic burden due to multiple medications.

British Journal of Dermatology (2019)

We hope that collaboration between dermatologists, geria-
tricians and PCPs can improve the care of older adults with
skin disease. We need to increase awareness about the risks of
prescribing FGAs to older adults, while at the same time
increasing knowledge about alternative, safer, targeted antipru-
ritics. By applying the principles of geriatrics to dermatology,
and the principles of dermatology to primary care, we can

ultimately better care for all older adults with skin disease.
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Abstract

Background Changes in well-being of patients with multiple myeloma (MM) before and after diagnosis have not been
quantified.

Aims Explore the use of secondary data to examine the changes in the well-being of older patients with MM.

Methods We used the Health and Retirement Study (HRS), linked to Medicare claims to identify older MM patients. We
compared patient-reported measures (PRM), including physical impairment, sensory impairment, and patient experience
(significant pain, self-rated health, depression) in the interviews before and after MM diagnosis using McNemar’s test, We
propensity-matched each MM patient to five HRS participants without MM diagnosis based on baseline characteristics. We
compared the change in PRM between the MM patients and their matches,

Results We identified 92 HRS patients with MM diagnosis (mean age =74.6, SD=8.4), Among the surviving patients,
there was a decline in well-being across most measures, including ADL difficulty (23% to 40%, p value =0.016), poor or fair
self-rated health (38% to 61%, p value =0.004), and depression (15% to 30%, p value =0.021). Surviving patients reported
worse health than participants without MM across most measures, including ADL difficulty (40% vs. 27%, p value =0.04),
significant pain (38% vs. 22%, p value =0.01), and depression (29% vs. 11%, p value =0.003).

Discussion Secondary data were used to identify patients with MM diagnosis, and examine changes across multiple measures
of well-being. MM diagnosis negatively affects several aspects of patients’ well-being, and these declines are larger than
those experienced by similar participants without MM.

Conclusion The results of this study are valuable addition to understanding the experience of patients with MM, despite
several data limitations.

Keywords Patient-reported measures - Multiple myeloma - Geriatric assessment - Secondary data use - Rare discases

Introduction

Multiple myeloma is a rare disease, affecting approxi-
mately 7 out of 100,000 persons in the United States
cach year. Multiple myeloma disproportionately affects
older patients, with a median age at diagnosis being over
70 years old [1]. While new treatments are increasing the
survival time [2], we know less about the quality of life
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Er;;'\“i"'““' 4150 Clement St., San Francisco, CA 94121, related adverse events. Older patients are concerned not

only with survival time, but also with symptom manage-
ment, maintaining independence, and how their well-being
will be affected by the disease and treatments [3]. Previous
studies have shown that patients with multiple myeloma
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studies did not focused on older patients specifically. Over-
all, there is a consensus that older patients with multiple
myeloma could benefit from a geriatric assessment before
and during treatment [3, 6, 7]. However, to our knowledge,
there have been no studies that formally quantify patient-
reported measures in older multiple myeloma patients
before and after the diagnosis, or studies comparing the
changes in well-being to older adults experiencing the nor-
mal ageing process.

As with any rare disease, it can be difficult to recruit large
numbers of multiple myeloma patients for research stud-
ies due to the low prevalence of the disease, which makes
recruiting large numbers of patients resource intensive. One
potential source of data for studies of rare diseases is second-
ary data, including large observational studies and adminis-
trative data. In this study we explore studying the well-being
of older multiple myeloma patients using Medicare claims
data, and Health and Retirement Study (HRS), an ongoing
longitudinal study started in 1992. The use of this longitu-
dinal cohort has several advantages. First, due to length of
the study period, enough cases accrue over time, creating a
feasible study sample. Second, HRS is a detailed study with
data on a variety of health status measures that are of interest
for older patients. Third, since HRS is a longitudinal study,
each surviving participant is interviewed every 2 years,
meaning that the measures of interest are observed before
and after the diagnosis. Fourth, we can compare changes
in the health status measures in HRS participants without
multiple myeloma, for whom we have the same health status
measures over the same period of time.

The use of HRS data that were not collected for the pur-
pose of learning about well-being of multiple myeloma
patients imposes limits on questions that can be answered.
For example, since we do not have the information on what
treatment the patients receive, we can not determine if
well-being changes are due to the disease or its treatment.
In addition, because the HRS interviews are biennial, the
time between multiple myeloma diagnosis and report of
health status measures varies between 0 days and 2 years.
However, HRS data also make it possible to address issues
that would be difficult in a primary data collection study.
It makes it possible to collect data on prediagnosis health
status rather than retrospective reports. In addition, we can
compare changes in health to population-representative sub-
jects without multiple myeloma.

We conducted this study examining changes before and
after multiple myeloma diagnosis with three specific goals:
(1) assessing feasibility of using claims data to identify and
study patients with multiple myeloma; (2) assessing the
change in patient-reported measures before and after diag-
nosis; (3) comparing the change in patient-reported meas-
ures to a comparable sample of individuals without multiple
myeloma.

@ Springer

Methods
Participants

The Health and Retirement Study (HRS) was designed to
examine changes in health and wealth as people age [8]. Tt
is an ongoing nationally representative longitudinal study
of participants age 50 and older. The study started in 1992
and follow up surveys are administered every 2 years. If a
participant is not able to complete an interview, the inter-
view is conducted with a proxy respondent.

We examined participants who had a diagnosis of mul-
tiple myeloma while enrolled in the HRS, ascertained by
linking the HRS survey data to Medicare claims. A par-
ticipant was identified as having a diagnosis of multiple
myeloma if he or she had two or more Medicare claims
with ICD9 code 203.0. While we required two claims to
confirm the diagnosis of multiple myeloma, the date of
diagnosis was set to the date of first claim.

Out of 28,927 HRS participants age 65 or older at any
point between 1992 and 2015, 26,044 (90.0%) agreed to
have their HRS surveys linked to the Medicare claims. We
identified 126 participants who had two or more claims
with multiple myeloma. Since we wanted to ensure that
the first claim observed in our files was indeed the first
diagnosis of multiple myeloma, we excluded 21 (16.7%)
participants if they were not enrolled continuously in
fee-for-service Medicare for 6 months prior to the first
observed claim with multiple myeloma diagnosis. Of the
remaining 105 multiple myeloma patients, 13 (12.4%) did
not complete a HRS interview within 3 years before a mul-
tiple myeloma diagnosis and were, therefore, excluded.
This resulted in a sample of 92 multiple myeloma patients
included in the study.

Measures

All baseline characteristics of study participants were
taken from the last HRS interview before a diagnosis of
multiple myeloma. Those included participant character-
istics (age, gender, race, marital status, education, wealth,
comorbidities, and health behaviors), and patient-reported
measures of interest.

We considered nine patient-reported measures that
cover a range of well-being for multiple myeloma patients,
and are part of geriatric assessment of older patients [9,
10]. The included measures cover the domains that mat-
ter most to patients: functioning, sensory impairment, and
general well-being, While the nine measures do not con-
stitute together a validated questionnaire, each one of the
measures has been validated or used in prior research of
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patients’ well-being. We include below the exact text of
the survey question for each measure, and the justifica-
tion for the new coding, when the questions were not used
in the original form. Additionally, HRS website includes
detailed documentation guides for all the measures used in
this study [8]. Four measures describe limitations in physi-
cal functioning: difficulty in any Activities of Daily Living
(ADL), difficulty in any Instrumental Activities of Daily
Living (IADL), difficulty walking several blocks, and dif-
ficulty climbing one flight of stairs. ADL and IADL meas-
ures are standardized measures of assessing function in
older adults 1n both clinical and research setting [11, 12].
Difficulty in any functional measure was assessed in the
HRS by asking, “Because of a health or memory problem
do you have any difficulty with [activity]?”. There were
six ADLs (bathing, eating, walking across the room, trans-
ferring to and from bed, using toilet, and dressing), and
five IADLs (using a phone, preparing hot meals, grocery
shopping, managing financing, managing medications)
included in the assessment. Next, two sensory impairment
measures were included: vision and hearing impairment.
Each of the two sensory impairments were assessed by
asking, “Is your [hearing/eyesight] excellent, very good,
good, fair, or poor using a [hearing aid/glasses or cor-
rective lenses] as usual?”. Finally, three additional meas-
ures of general well-being were considered: experience
of significant pain, self-rated health, and self-reported
symptoms of depression. The presence of significant pain
was determined using two questions. First, subjects were
asked, “Are you often troubled with pain?”. Subjects who
responded “Yes” were then asked, “How bad is the pain
most of the time: mild, moderate or severe?” Subjects who
responded “moderate” or “severe” were classified as expe-
riencing significant pain, This classification of significant
pain has been applied in previous studies [13, 14], because
it reflects the American Geriatrics Society Guidelines for
the Pharmacologic Management of Persistent Pain in
Older Adults and the National Comprehensive Cancer Net-
work Clinical Practice Guidelines in Oncology, which both
recommend that moderate or severe pain should prompt a
clinical response [15, 16]. The SUPPORT study (Study to
Understand Prognoses and Preferences for Outcomes and
Risks of Treatments) also used this classification to cat-
egorize reports of pain at the end of life [17]. Symptoms
of depression were measured using the eight-item Center
for Epidemiologic Studies Depression Scale [18, 19]. Par-
ticipants were classified as having symptoms consistent
with the diagnosis of depression if they reported more
than three symptoms.

The same nine patient-reported measures were also
assessed at the first HRS interview after a diagnosis of
multiple myeloma.

Statistical analysis

We started with describing the multiple myeloma patients
in terms of demographics, socioeconomic status and health
status. Next, we assessed the frequency of each patient-
reported measure before a multiple myeloma diagnosis.
Depression was not assessed for participants with proxy
respondents; therefore, 10 patients were not included
in the analysis of frequency and changes in depression.
Questions about pain levels was not asked in early HRS
interviews (1992-1993), so 5 patients were not included
in the analyses invlolving significant pain. Analyses were
conducted independently for each variable to prevent miss-
ing values from one variable affecting the sample size in
the analysis of other variables.

Next, we compared the frequency of adverse health on
the patient-reported measures before and after a multiple
myeloma diagnosis. Only patients that completed the inter-
view after their multiple myeloma diagnosis were included
in this analysis, as the goal of this study was to describe
well-being and changes in well-being of the patients who
survive the initial period after multiple myeloma diagno-
sis. Patients who died within 2 years of multiple myeloma
diagnosis, but completed an HRS interview between their
diagnosis and death, were included in the study. The com-
parison of patients before and after multiple myeloma
diagnosis was done using McNemar’s test.

Finally, we compared the change in frequency of
adverse health on the patient-reported measures between
HRS patients with a diagnosis of multiple myeloma to
those without the diagnosis over the same time period,
i.e., selecting subjects interviewed around the same time.
To perform this comparison, we matched each patient
with multiple myeloma to five individuals without mul-
tiple myeloma. The matching was performed using a
mixture of propensity score matching and exact match-
ing. Patients were matched on propensity score for being
diagnosed with multiple myeloma, calculated using age,
gender, race, marital status, education, wealth, number of
comorbidities, and smoking status. Additionally, patients
were matched on exact year of interview before and after
a diagnosis of multiple myeloma, and on exact status of
patient-reported measure for the multiple myeloma patient
before the diagnosis. The matching was done separately
for each patient-reported measure. This analysis was again
limited only those patients who completed the HRS inter-
view after a diagnosis of multiple myeloma, as our goal
was to describe the experience among surviving patients.

Statistical analyses were performed using SAS 9.4 [20]
and R 3.4 [21, 22] software. This study has been approved
by the Center for Disease Control’s Institutional Review
Board (CDC).

@ Springer

33



Aging Clinical and Experimental Research

Results

Table 1 describes the prediagnosis baseline characteristics
of the multiple myeloma patients included in this study.
The mean age of 92 patients was 74.6 (SD=8.4), and 47%
were women, Forty-three percent of patients had 3 or more
chronic conditions before diagnosis. The most common
ADL difficulties were getting dressed (13%) and bathing
(13%). The most common IADL difficulties shopping for
groceries (17%) and preparing hot meals (17%). Eighteen
patients (20%) died within 1 year, and 38 (41%) died within
2 years of multiple myeloma diagnosis. This mortality rate

Table 1 Baseline characteristics of multiple myeloma patients before
diagnosis

Characteristics N (%)

Age 74.6+8.4
Women 43 (47%)
White race 70 (76%)
Married 54 (59%)

Education less than High School
Wealth (median, IQR)

25 (27%)
151 K (45-405 K)

BMI
<25 31 (34%)
>25 59 (66%)
Number of comorbidities >3 40 (43%)
Previous diagnosis of cancer 27 (30%)
Current smoker 6 (7%)
Drinker 41 (45%)
ADL difficulty
Bathing 12 (13%)
Eating 5(05%)
Walking across the room 9 (10%)
Transferring to and from bed 8 (9%)
Dressing 12 (13%)
Using toilet 6 (7%)
TADL difficulty
Using the telephone 6 (7%)
Managing finances 13 (14%)
Managing medications 6 (7%)
Shopping for groceries 15 (17%)
Preparing meals 15 (17%)
Proxy interview 10 (11%)

Months between interview before diagnosis and
diagnosis (median, IQR)

13.0(6.3-19.1)

Months between diagnosis and interview after 12.6 (6.0-18.0)
diagnosis (median, IQR)

Died within 1 year of diagnosis 18 (20%)

Died within 2 years of diagnosis 38 (41%)

BMT body mass index, ADL activities of daily living, JADL instru-
mental activities of daily living

@ Springer

is comparable to mortality rates reported in other long-term
studies of older adults [2, 23]. Of the 92 patients included
in the study, 66 (72%) completed HRS interview after mul-
tiple myeloma diagnosis. Most subjects not completing an
interview died before there scheduled interview. The median
time between interview before multiple myeloma diagnosis
and the diagnosis was 13.0 months (IQR 6.3-19.1), and the
median time between the diagnosis and the first interview
after the diagnosis was 12.6 months (6.0-18.0) (Table 1).
About a quarter of all multiple myeloma patients reported
difficulty with at least one ADL (n=22, 24%) before the
diagnosis (Table 2). Twenty-nine patients (32%) reported
difficulty with at Ieast one ITADL, 34 patients (37%) reported
difficulty with walking several blocks, and 25 patients (27%)
reported difficulty with climbing one flight of stairs. Vision
impairment was reported by 29 patients (32%), and hear-
ing impairment was reported by 20 patients (22%) before
multiple myeloma diagnosis. About a quarter of the patients
experienced significant pain (n=20, 23%), and about a fifth
reported symptoms of depression (n=15, 19%). The most
common impairment before multiple myeloma diagnosis
was poor or fair self-reported health (n=37, 40%).
Impairments in patient-reported measures in surviving
multiple myeloma patients increased significantly after the
diagnosis (Table 3). Patients reported higher rates of dif-
ficulty in three of the four physical measures, including
increases in ADL difficulty (23% to 40%, p=0.02), difficulty
walking several blocks (30% to 60%, p<0.001), and diffi-
culty climbing one flight of stairs (25% to 47%, p=0.003).
There was no statistically significant change in IADL dif-
ficulty (30% to 41%, p=0.13) The rate of depression symp-
toms doubled after the diagnosis (15% to 30%, p=0.02), and

Table 2 Frequency of impairment on patient reported measures in the
interview before multiple myeloma diagnosis

Characteristic N (%)

Physical impairment

Difficulty with any ADL 22 (24%)

Difficulty with any IADL 29 (32%)

Difficulty with walking several blocks 34 (37%)

Difficulty with climbing one flights of stairs 25 (27%)
Sensory impairment

Vision Tmpairment 29 (32%)

Hearing Tmpairment 20 (22%)
Patient experience

Significant pain 20 (23%)

Poor self-rated health 37 (40%)

Depression 15 (19%)

Number of missing values for each variable is as follows: Difficulty
was any ADL (1). Difficulty with any IADL (2), Difliculty with walk-
ing several blocks (1), Difficulty with climbing one flight of stairs (1),
Significant pain (6), Depression (11)
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Table 3 Frequency of
impairment on patient-reported
measures in the interviews

Characteristic

N in com- Before MM After MM diagnosis  p value
parison  diagnosis

before and after multiple

Physical impairment
myeloma (MM) diagnosis, in

3 : : Difficulty with any ADL 65 15(23%) 26 (40%) 0.016
patients who survived until
HRS interview after diaenosis Difficulty with any IADL 64 19 (30%) 26 (41%) 0.127
° Difficulty with walking several blocks 63 19 (30%) 38 (60%) <0.001
Difficulty with climbing one flights of stairs 59 15 (25%) 28 (47%) 0.003
Sensory impairment
Vision impairment 66 20 (30%) 20 (30%) 1.000
Hearing impairment 66 13 (20%) 22 (33%) 0.039
Patient experience
Significant pain 64 17 27%) 24 (38%) 0.090
Poor self-rated health 64 24 (38%) 39 (61%) 0.004
Depression 53 8 (15%) 16 (30%) 0.021

more patients reported poor or fair self-rated health (38% to
61%, p=0.004). There was no significant increase in patients
experiencing significant pain (27% to 38%, p=0.09). There
was no change at all in the rates of vision impairment (30%
to 30%, p=1), but patients reported significant increase in
hearing impairment (20% to 33%, p=0.04).

Matched HRS participants without a multiple myeloma
diagnosis reported lower rates of some patient-reported
measures in the interview after the multiple myeloma
diagnosis of the patients (Table 4), even though they were
matched to have the same level of impairment before the

diagnosis. Participants without multiple myeloma reported
lower rates in ADL difficulty (40% vs. 27%, p=0.04), dif-
ficulty walking several blocks (60% vs. 37%, p <0.001),
and difficulty climbing one flight of stairs (47% vs. 29%,
p=0.005). There were no statistically significant differences
in IADL difficulty (41% vs. 32%, p=0.21), vision impair-
ment (30% vs. 26%, p=0.52), or hearing impairment (33%
vs. 29%, p=0.44). Multiple myeloma patients reported
higher rates of poor or fair self-rated health (61% vs. 39%,
p=0.001), depression symptoms (29% vs. 11%, p=0.003),
and significant pain (38% vs. 22%, p=0.01).

Table 4 Change in impairment
of patient-reported measures

Characteristic

Before MM patients HRS participants p value

i o > MM diag- after diag- without MM
in surviving multiple myeloma Sotis oM diagnosis®
(MM) patients and HRS
participants without multiple Physical impairment
myeloma Difficulty with any ADL 15(23%) 26 (40%) 87 (27%) 0.04
Difficulty with any IADL 19 (30%) 26 (41%) 95 (32%) 0.21
Difficulty with walking several blocks 19 (30%) 38 (60%) 119 (37%) <0.001
Difficulty with climbing one flights of stairs 15 (25%) 28 (47%) 91 (29%) 0.005
Sensory impairment
Vision impairment 20(30%) 20 (30%) 87 (26%) 0.52
Hearing impairment 13 (20%) 22 (33%) 94 (29%) 0.44
Patient experience
Significant pain 17(27%) 24 (38%) 69 (22%) 0.01
Poor self-rated health 24 38%) 39 (61%) 128 (39%) 0.001
Depression 6(13%) 14 (29%) 17 (11%) 0.003

“Each multiple myeloma patient was matched to 5 HRS participants without multiple myeloma diagnosis
based on age, gender, race/cthnicity, marital status, education, wealth, number of comorbidities, and smok-
ing status (using propensity score for multiple myeloma diagnosis) and exact matching on year of interview
before and after diagnosis, and the presence of each patient-reported measures of interest at the interview
before the multiple myeloma diagnosis of the patient with multiple myeloma
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Discussion

Using Medicare claims data linked to 26,044 HRS sub-
jects, we identified 105 patients with multiple myeloma,
92 of which completed HRS interviews within 3 years
of diagnosis. Our study showed that a multiple myeloma
diagnosis negatively affects several aspects of patients’
well-being, Decline in several, but not all, patient-reported
measures was significantly larger among surviving multi-
ple myeloma patients than the changes among similar par-
ticipants without multiple myeloma diagnosis. These find-
ings have a number of limitations imposed by the nature of
the HRS data, yet also provide new insights beyond what
is possible with primary data collection.

Health and Retirement Study was not collected for
the purpose of learning about multiple myeloma, yet the
design and richness of HRS study makes it possible to
describe important aspects of the patient experience.
While the multiple myeloma sample in our study is not
a large sample that allows for multivariate modeling, it
is large enough for exploratory analyses and meaning-
ful description of changes in impairments that matter to
patients before and after diagnosis of multiple myeloma.
We obtained this sample using significantly less resources
and time than would be required to recruit the same num-
ber of multiple myeloma patients. For example, a pri-
mary data collection study that lasted from 2012 to 2015
recruited only 40 older patients [5], while another study
recruited 41 adult patients of all ages in 3 months [4].
Furthermore, by leveraging the longitudinal nature of the
HRS, our study was able to obtain data on patient-reported
measures of interest prior to diagnosis, which would be
impossible to obtain using primary data collection. Our
study shows that we can use alternative data sources, such
as claims data or larger observational studies, to design
and perform some basic, but important, health rescarch
studies on rare diseases.

Our study indicates significant decline in several
patient-reported measures in multiple myeloma patients
after diagnosis. First, our study shows that surviving
patients experience significant functional decline after the
diagnosis, as measured by difficulty with activities of daily
living and mobility. Prior studies in older patients with
other types of cancer have also shown the functional status
declines after cancer diagnoses [24, 25]. While decline in
those domains is common in ageing persons, we have also
shown that the functional decline in multiple myeloma
patients is significantly higher than decline in similar HRS
participants without multiple myeloma diagnosis. Our
study also shows that there is significant decline in patient
well-being, as assessed by pain, self-reported health, and
depression. Similar to functional decline, reports of pain,

@ Springer

poor or fair self-rated health, and depressive symptoms
become more common in surviving multiple myeloma
patients after diagnosis than participants without multi-
ple myeloma. These results are analogous to results of
another study based on secondary longitudinal data source
(English Longitudinal Study of Ageing), which showed
that health and well-being of patient with cancer of any
type deteriorated more rapidly than health and well-being
of similar patient without cancer diagnosis [26]. Our find-
ings are significant, since impairments in well-being can
themselves lead to further bad outcomes in older patients
[4, 27, 28].

The measures of function and well-being that we consid-
ered in this study are rarely targets of therapy in older per-
sons with cancer and seldom used as outcome measures in
clinical trials of treatments for myeloma and other cancers.
Yet these measures are very important to cancer patients,
some of whom view quality of life as a more important
outcome than survival. The use of population-based data
sources such as the HRS to determine which measures of
function and well-being are mostly likely to deteriorate after
a cancer diagnosis may be useful in helping designers of
cancer treatment trials consider the types of outcome meas-
ures that might be included in their trials. Furthermore, both
the high mortality rate of multiple myeloma patients (20%
1-year mortality) and the high likelihood of worsening qual-
ity of life in patients with multiple myeloma highlights the
importance of holistic assessment and appropriate geriatric
and palliative care. Palliative care has been recognized as
an important part of care for cancer patients [29, 30], where
patients’ physical, mental, and psychosocial needs need to
be addressed in addition to treating the underlying cancer.
Unfortunately, a prior study has shown that patients with
hematological cancers are less likely to receive palliative
care than patients with other cancers [31].

It is important to discuss several issues in this study that
can limit the clinical conclusions of this and other studies
using this type of secondary data. First, the time between
multiple myeloma diagnosis and the interview before the
diagnosis varies from 8 days to 34 months. Since patient-
reported measures are not always measured immediately
before the diagnosis, patient-reported measures might have
changed for some patients between the last measurement and
multiple myeloma diagnosis. Similarly, the time between
the diagnosis and the interview after the diagnosis also
varies. The patient-reported measures are likely to change
often as the treatments progress, including repeated periods
of improvement and decline [6]. Second, we do not have
information on the treatments that each patient is receiving,
which prevents us from understanding how different treat-
ments affect the outcomes, and when in the treatment cycle
the changes occur, Thus, our results further highlight the
importance of including this important information about

36



Aging Clinical and Experimental Research

patient oriented outcomes in observational and clinical stud-
ies of cancer therapeutics.

Our study showed that secondary data can be used to
identify patients with rare diseases, and perform exploratory
and hypotheses generating studies. We showed that patient-
reported measures in older adults worsen after multiple
myeloma diagnosis, and the decline in surviving multiple
myeloma patients is significantly worse than the decline is
similar older adults without multiple myeloma. This indi-
cates that older patients could benefit from supportive geri-
atric and palliative care to help manage the symptoms that
worsen with multiple myeloma diagnosis and treatment.
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