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Abstract With cures and long-term survival rates increasing
in hematologic malignancies, increased focus has been placed
on gaining a better understanding of the patient experience
from disease and treatment effects. This has been the basis
for the utilization of patient reported outcomes (PRO) and
other patient-generated health data (PGHD) in efforts to im-
prove long-term health-related quality of life (HRQOL). This
review will summarize the impact PROs have had on the
evolving standard of care for patients with hematologic ma-
lignant conditions and will conclude with a template for the
integration of PRO and PGHD to enhance the patient experi-
ence, using stem cell transplantation as an example.
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Introduction

Until relatively recently, many hematologic malignancies
were associated with poor prognoses and limited survival.

Health-related quality of life (HRQOL), symptoms, and pa-
tient functioning during treatment were often secondary con-
cerns. Clinical trials and therapies focused on improving re-
sponse rates and overall survival, with treatment decisions
reliant on laboratory findings, radiographs, and other data ob-
tained during hospitalizations or clinic visits. Life-threatening
toxicities were often the primary barriers to therapy. As treat-
ments evolved and survival rates improved, considerations
related to the patient experience with cancer and cancer treat-
ment have gained prominence. HRQOL considerations have
become especially relevant with regard to optimizing thera-
pies and conducting comparative effectiveness studies of
competing therapies. This is particularly important for elderly
patients, who must balance risks and benefits of treatments
upon different outcomes such as survival, functional indepen-
dence, and HRQOL [1].

Within hematologic malignancies, there is now an imper-
ative to better understand disease and treatment effects on
patients’ lives. This has led to increased emphasis on patient
reported outcomes (PRO) and other patient-generated health
data (PGHD). PRO and other PGHD, whether used indepen-
dently or in concert with each other, have the potential to
generate a picture of a patient’s experience outside of a
clinical setting from physical, psychological, and social
perspectives.

PRO and PGHD in Cancer

Both solid and hematologic malignancies can have adverse
effects on patients from both disease effect and therapeutic
side effects. These effects can be physical, psychological,
and spiritual [2–4]. HRQOL can be compromised at any stage,
from diagnosis to long-term cancer survivorship [5].
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Defining PRO

PRO, as defined by the United States Food and Drug
Administration, is any report of the status of a patient’s health
condition coming directly from the patient, without interpre-
tation by a clinician or anyone else [6]. PROs measure symp-
toms, or effects, of a disease or intervention from the patients’
perspective alone. The Patient-Reported Outcomes
Measurement Information System (PROMIS), a National
Institutes of Health funded initiative starting in 2004, is an
example of a large effort to systematically standardize and
catalogue HRQOL measurements for patients with cancer
and other conditions in order to improve clinical care and
research for these conditions. A publicly available web-
based resource, its creation was meant to create standards for
measurements of key health symptoms and HRQOL and to
promote and incorporate PROs into research, clinical practice,
and policy.

PROs identify disease and therapy effects that are impor-
tant to patients which may not mirror those perceived to phy-
sicians as important or impactful [7, 8]. PROs can evaluate
short- and long-term symptom burden and treatment toxicity
[9••] and can highlight patient concerns from diagnosis
through survivorship, including psychological, emotional,
and financial issues. PRO instruments (Tables 1 and 2) may
differ by concept measured (e.g., symptoms vs. HRQOL),
context (e.g., disease-specific vs. general), construction (e.g.,
scores, scales, weights), and utility (e.g., mode of data entry,
overall ease of use).

Routine PRO collection can improve patient-provider com-
munication, identify and elucidate unrecognized problems,
bring positive changes to patient management, and signifi-
cantly enhance the patient experience [10]. PROs now repre-
sent the gold standardmethod for elicitation of patients’ symp-
toms, HRQOL, and experiences within the oncology context
[11•], and prompt intervention from information acquired
from PROs in the clinical setting can lead to improved out-
comes [12]. Overall improvements in oncologic supportive
care and survivorship can be attributed in part to the emphasis
placed upon PROs within the field.

Defining PGHD

PGHD is defined as Bhealth-related data—including health
history, symptoms, biometric data, treatment history, lifestyle
choices, and other information—created, recorded, gathered,
or inferred by or from patients or their designees (i.e., care
partners or those who assist them) to help address a health
concern [13]. PGHD includes PROs, but also other data
streams generated by patients and often captured by sensors
and wearable devices. Examples of PGHD streams include
steps, heart rate, caloric expenditure, sleep, and temperature.

Commercial wearables that capture PGHD include devices
manufactured by Fitbit, Jawbone, Apple, and others.

PGHD can be collected frequently, over long periods of
time and outside of clinical encounters [14•]. In addition to
data captured by sensors, PGHD can also be obtained through
patient data entry, such as information related to mood, social
history, or medication adherence.

Though the ultimate impact of this data is unknown, PGHD
integration with the electronic medical record is likely. The
NIH, through the Big Data to Knowledge Initiative, as well
as other large collaborations such as the National Patient-
Centered Research Network (PCORnet) is working towards
the application of these data for the enhancement of health
care. PGHD might help to inform disease or treatment prog-
nostic models, identification of risk of adverse outcomes, and
perhaps matching patients with appropriate clinical trials
based on eligibility criteria [15].

Impact of PRO Within Hematologic Malignancies

As survival rates improve in hematologic malignancies and
patients encounter an increasing array of treatment options,
new questions emerge. Which therapies optimize long-term
quality of life? Are new therapies superior to best supportive
care from a patient perspective, when survival differences be-
tween approaches are modest? What unforeseen problems are
long-term survivors experiencing? For these questions,
patient-reported outcomes have helped provide some guid-
ance, which in some circumstances have been practice
changing.

Symptom Burden and Interventions

To understand the full impact of a disease, the patient’s per-
spective is crucial. Patient and clinician perspectives do not
always align [8, 16, 17]. Elicitation of symptom burden de-
pends partly on the PRO instrument used. The information
gained from PROs can be used clinically to direct interven-
tions designed to improve symptoms and ultimately HRQOL.

In multiple myeloma, validated cancer-specific (EORTC
QLQ-30) and disease-specific (EORTC QLQ-MY20) PROs
have helped identify deleterious effects of myeloma with re-
gard to symptoms as well as disease-specific emotional effects
[18]. PROs can also facilitate the evaluation of supportive
measures such as erythropoietin-stimulating agents (ESA).
ESAs were shown to significantly improve emotional, physi-
cal, social, and sleep quality of life as measured by a general
health PRO, the Nottingham Health Profile, and reduce fa-
tigue as measured by a symptom-specific PRO, the
Functional Assessment of Cancer Therapy-Fatigue (FACT-
F) [19–21].
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Ideally, the same PRO can identify significant impairment
in HRQOL and can monitor the change attributed to a partic-
ular intervention. For example, the symptom-specific
Functional Assessment of Cancer Therapy-Anemia (FACT-
An) has been utilized in myelodysplastic syndrome to quanti-
tate symptom burden and HRQOL [22]. The FACT-An has
also been used to show the ability of ESAs to ameliorate
symptoms, reduce transfusion requirements, and improve
HRQOL [23, 24].

Using PROs to Compare Treatment Alternatives
in Hematologic Malignancies

PROs have been used to compare management strategies for
patients with hematologic malignancies. One prominent ex-
ample of this was imatinib for chronic myeloid leukemia
(CML). Prior to 2003, treatment options for CML were limit-
ed to interferon-based chemotherapy, hydroxyurea, and stem
cell transplantation. The IRIS trial in 2003 ushered in tyrosine
kinase inhibitor (TKI)-based therapy for CML and trans-
formed CML into a chronic condition associated with long-
term survival. Imatinib demonstrated superior response rates
and lower rates of progression to accelerated and blast phases
in comparison with treatment alternatives [25]. PROs collect-
ed in the UKMRC CML 3 trial and the IRIS trial were able to
highlight the difference in HRQOL between interferon-based
therapy and imatinib. The UK MRC CML 3 trial used the
EORTC QLQ 30 to demonstrate significantly worse pain
and dyspnea, as well as worse social, emotional, and cognitive
functioning with interferon therapy compared to non-IFN
therapy [26]. Meanwhile, using Euro QoL-5D and therapy-
specific PRO, the FACT-Biologic Response Measure (FACT-
BRM), patients enrolled on the IRIS trial receiving imatinib
reported better daily functioning, less fatigue, and fewer side
effects compared to interferon therapy, as well as significant
improvement in HRQOL for patients who crossed over from
interferon to imatinib [27].

Subsequent to imatinib’s approval, newer TKIs have been
developed for first-line CML treatment, including dasatinib
and nilotinib. While these have produced improved cytoge-
netic and molecular response rates [28, 29], overall survival
estimates among the agents have been similar [30]. In this
setting, PROs have provided complementary information
from the patient perspective. Thus far, PRO studies have dem-
onstrated similar outcomes among TKIs with respect to de-
pression, symptom burden, and decline in HRQOL [31, 32],
though nilotinib has been found in at least one study to be
reported as more difficult to take, leading to worse treatment
adherence in comparison with other agents [33].

PROs have helped compare treatment approaches in mul-
tiple myeloma, a disease of plasma cells characterized by
skeletal destruction and other events with significant impact
upon the patient experience. Within myeloma, patient-

reported fatigue, pain, and overall HRQOL using instruments
such as the EORTC-QLQC30, EORTC QLQ-MY24, and
FACT-GOG-Ntx (among others) have been found to be prog-
nostic for survival, whether these data were obtained before or
after treatment [34]. With competing treatment strategies
available for multiple myeloma that include proteasome inhib-
itors, immunomodulatory agents, and high-dose chemothera-
py (in the context of autologous stem cell transplantation),
PROs provide information that assists in risk/benefit calcula-
tions for each agent from the patient perspective [9••]. One
example is bortezomib, which was compared to dexametha-
sone in the phase 3 APEX trial for relapsed/refractory multiple
myeloma. Prospectively collected PROs (EORTC QLQ 30,
FACT-GOG-Ntx) showed that physical, emotional, role func-
tioning, and cognitive health as well as symptoms such as
fatigue, sleep, and diarrhea improved with bortezomib, al-
though neurotoxicity was increased [35]. The addition of
bortezomib to melphalan-prednisone (VMP) for elderly trans-
plant ineligible patients in the phase 3 VISTA trial was asso-
ciated with an improvement in HRQOL compared to melpha-
lan and prednisone (MP), measured by the EORTCQLQC30.
However, this analysis also showed initially decline in
HRQOL with the first four cycles of VMP, leading to subse-
quent strategies in dose adjustment and scheduling of
bortezomib and finding that lower doses resulted in improved
HRQOL [36, 37]. Comparing intravenous and subcutaneous
routes of bortezomib administration, clinical outcomes includ-
ing overall survival were similar, but PROs demonstrated im-
proved in peripheral neuropathy and increased overall satisfac-
tion when subcutaneous administration [38, 39]. Another ex-
ample is immunomodulatory agents in myeloma. PROs
showed thalidomide’s lack of improvement in HRQOL when
added toMP for elderly patients compared toMP alone [37, 38,
40] and an NCIC-CTG trial of maintenance thalidomide and
prednisone versus placebo following stem cell transplantation
was associated with worse HRQOL [41]. Lenalidomide, on the
other hand, showed improved HRQOL when used in combi-
nation withMP compared toMP alone in theMM-015 trial and
also improved HRQOL in comparison with placebo mainte-
nance [42, 43]. The FIRST trial, comparing thalidomide and
MP with lenalidomide and dexamethasone showed overall
HRQOL improved in both groups, though specific patient-
reported adverse treatment effects differed [44].

Acute promyelocytic leukemia (APL) represents another
disease in which two strategies with similar clinical outcomes
differed in HRQOL, highlighted using PROs. All trans
retinoic acid (ATRA) and anthracycline chemotherapy, a stan-
dard treatment approach, was recently compared in a phase 3
study to ATRA and arsenic for the management of low- and
intermediate-risk APL [45]. Though ATRA and arsenic strat-
egy was non-inferior with respect to survival, PRO data using
the EORTC QLQ-C30 demonstrated superior HRQOL in the
arsenic group, with fatigue showing the largest between-group
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difference [46]. This PRO difference has been used to support
arsenic-based therapy as first-line treatment for low- to
intermediate-risk APL.

Using PROs to Compare New Therapies with Best
Supportive Care

Among older patients or those with poor performance status,
new therapies may be associated with adverse effects that are
intolerable; however, new treatment approaches with less tox-
icity may offer better HRQOL even in the absence of signifi-
cant survival prolongation in comparison with best supportive
care. Integrating general or disease-specific PROs into the reg-
ulatory approval process may help develop therapies with ben-
eficial effects upon the patient experience. Two examples of
this approach include myelofibrosis (MF) with the Jak2 inhib-
itor, ruxolitinib, and myelodysplastic syndrome (MDS) with
hypomethylating agents such as azacitadine and decitabine.

The development of ruxolitinib in myelofibrosis illustrates
PRO’s impact in drug approval for a condition which best
supportive care was the previously accepted standard.
Because no myelofibrosis-specific PRO existed, the 20-item
Myelofibrosis Symptom Assessment Form (MF-SAF) was
developed for use in therapeutic clinical trials based on sur-
veys of patients with myelofibrosis [47]. The MFSAF,
EORTC QLQ-30, and PROMIS-fatigue was used in the
COMFORT-1 trial to demonstrate an HRQOL benefit for
ruxolitinib in comparison with placebo [48, 49] and in
COMFORT-2 trial a HRQOL benefit in comparison with best
available therapy, including hydroxyurea, steroids, ESA, and
immunomodulatory drugs such as thalidomide and
lenalidomide [50, 51]. Largely due to improvement measured
by PRO, including the myelofibrosis total symptom score,
ruxolitinib was approved by the FDA in 2011 for symptomatic
myelofibrosis [52] and remains one of the only cancer thera-
peutics in which the beneficial effects of a drug on patient
symptoms are included in the US drug label [53•].

Myelodysplastic syndrome (MDS) is a disease character-
ized by impaired bone marrow function and transformation to
acute leukemia [54]. Most patients with MDS have impaired
HRQOL due symptomatic anemia and transfusion require-
ments, mental and physical fatigue, and emotional distress
[55]. Previously, standard of care for MDS was supportive
treatment only, with few studies showing HRQOL improve-
ments with patients treated erythropoietin-stimulating agents
(ESAs) so long as response was demonstrated to these agents
[24, 56]. Azacitadine, a hypomethylating agent with activity
in myelodysplastic syndrome, was shown in a CALGB phase
3 study to improve response rate and overall survival in com-
parison with supportive care for high-risk MDS [57]. Using
PROs such as EORTC QLQ-C30 and the mental health in-
ventory (MHI), azacitadine demonstrated significant improve-
ment in fatigue, physical functioning, dyspnea, positive affect,

and psychological distress in comparison with supportive care
[57, 58]. Similar HRQOL benefits were demonstrated in
phase 3 studies involving decitabine, resulting in increased
utilization of hypomethylating agents in patients with high-
risk MDS [59, 60].

A recently developedMDS-specific PRO, the QUALMS-1
was validated as a measure of disease-specific quality of life in
MDS [61] with an expressed hope for use in facilitating ap-
proval of new disease-modifying therapies, allowing physi-
cians to advise patients about risks and benefits of MDS ther-
apies in the context of their quality of life [62]. The MFSAF
for MF and the QUALMS-1 for MDS represent recent exam-
ples within hematologic malignancies of how disease-specific
PROs may be developed to assist drug development and re-
search design in studies of different conditions [53•].

PROs as Prognostic Markers

Multiple studies in oncology have demonstrated that PROs
provide useful prognostic information. A retrospective study
of nearly 40 solid tumor clinical trials showed that PROs were
prognostic for survival, at times more predictive of overall sur-
vival than traditionally measured performance status [63]. In a
recent secondary analysis of BMT CTN 0902, a randomized
study of exercise and stress management training prior to
HSCT, investigators found that patients with lower pre-HSCT
physical HRQOL and early declines in HRQOL experienced
worse overall survival and increased transplant-related mortal-
ity [64]. In another study, Thompson and colleagues used the
FACT-G in patients with newly diagnosed aggressive lympho-
mas to show an association of low-baseline HRQOL scores
with inferior overall survival, even after adjusting for other
factors such as age and IPI [65]. An ongoing study, the
PROMYS study (CinicalTrials.gov identifier NCT00809575),
an international multi-center trial, is studying the impact of
changes detected via PRO on overall survival in patients with
newly diagnosed MDS and is scheduled to complete in 2018.

The Use of PROs When Treatment Is Completed

As cures and long-term remissions in hematologic malignan-
cies become more commonplace, new and often-unforeseen
symptoms and QOL issues have been identified. Many long-
term effects and survivorship issues have been identified in
recent years from information gathered using PROs from
survivors.

Hodgkin lymphoma represents one hematologic malignan-
cy with relatively high rates of long-term remission and sur-
vival [66, 67]. Prospectively collected PROs for early-stage
Hodgkin lymphoma patients enrolled on the SWOG 9208
helped highlight short- and long-term impairments in
HRQOL, including fatigue, which persist several years fol-
lowing treatment [68]. Another study showed survivors of
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Hodgkin lymphoma reporting impairments in physical func-
tioning, performing work and daily activities, sexual function,
and increased financial and employment burdens 10–18 years
following initial therapy [69].

These effects are not limited to Hodgkin survivors. Fatigue,
pain, sexual dysfunction, decline in emotional and role func-
tioning, financial impairment, and difficulty gaining employ-
ment were seen across survivors of lymphomas, acute mye-
loid leukemia, and acute lymphoblastic leukemia, including
childhood cancer survivors [70–72]. With treatments for he-
matologic malignancies becoming more expensive, PROs
have highlighted the financial consequences of cancer and
cancer treatment on patients. Though studies have shown ther-
apies such as imatinib and bortezomib may be cost-effective
from the perspective of quality-adjusted life years [73, 74],
these analyses may not fully account for patient concerns re-
lated to finances and employment [68, 71]. A new term,
Bfinancial toxicity,^ has recently been developed to account
for issues like these [75]. Some PROs have included financial
and employment domains, such as theWHO-QOL and FACT-
BMT, and more recently a PRO specific for financial con-
cerns, comprehensive score for financial toxicity (COST),
was developed and validated for these specific concerns [76].

Integrating Other PGHD with PROs: the Example
of Hematopoietic Cell Transplantation

Increasingly, other types of PGHD have become available to
complement PROs in providing a more complete patient-
centered assessment that includes objective data related to
patient functioning. Hematopoietic cell transplantation
(HSCT) may provide a template for how PROs and other
types of PGHD might become integrated within the hemato-
logic malignancies.

Pre-transplantation Assessments

Currently, pre-transplant assessments are used to risk stratify
patients prior to undergoing HSCT to predict those at higher
risk of treatment-related toxicity, to inform risk/benefit assess-
ments and to aid clinical decision making. These assessments
are particularly important as more transplants are being per-
formed in patients over the age of 60. Commonlymeasured by
the clinician-assessed ECOG or Karnofsky Performance
Status (KPS), functional status has consistently predicted
non-relapse mortality and overall survival among transplant
patients [77]. However, functional status has traditionally
been clinician assessed and not patient reported or patient
generated, thus lacking sufficient sensitivity to fully reflect
patient functioning and to discriminate among those with mar-
ginal reserve. Most standard pre-transplant assessment mea-
sures, such as the HCT-CI [78] and the EBMT risk score [79],

do not include patient-reported or patient-generated informa-
tion [80]. Recent studies have shown that information derived
from 6-min walk tests (6MWT) [81] or cardiopulmonary ex-
ercise tests (CPET) [82] can measure pre-transplant fitness
with increased precision, potentially adding to pre-transplant
assessments. Wearable devices with integrated accelerometers
may further complement patient-generated data derived from
exercise tests to provide a more complete picture of functional
status [83]. Several of these devices now have published data
validating core functions such as step count and energy ex-
penditure [84, 85], which in turn have been correlated with
HRQOL and comorbidities [86]. Further work is needed to
validate these devices in cancer patients and to ensure accept-
able usability in this population [83]. However, once validated
and acceptable, wearable devices that measure physical activ-
ity have the promise to aid pre-transplant functional assess-
ments and potentially to inform pre-, peri-, or post-transplant
exercise prescriptions [94–96].

Peri- and Post-Transplant Complications

Many long-term effects onHRQOL from transplant arise during
the peri-transplant or early post-transplant period. Some compli-
cations may benefit from early recognition to limit long-term
chronic impairment. For this and because some transplants are
now performed on an outpatient basis, PRO and PGHDcan play
a role in improving outcomes when used in these periods.

Insomnia is a frequent complication of HSCT, mostly
occuring during the peri-transplant period [87, 88], and associ-
atedwith decreased physical functioning, increased fatigue, poor
psychological well-being, and increased inflammation [88, 89].
Actigraphy has been utilized as a reliable and valid instrument
for sleep assessment. Newer wearable devices with actigraph
function have demonstrated correlations with polysomnography
in measuring total sleep time and sleep efficiency [90].
Monitoring of sleep wake cycles using actigraphs as well as
PROs may help in detecting early complications of HSCT and
in managing sleep disturbances during transplant [89, 91].

Other complications of HSCT which can impair HRQOL
include acute or chronic graft versus host disease, pulmonary
toxicities, fatigue, anxiety, depression, cognitive impairment,
and reduced physical function [92–98]. Electronic patient re-
ported outcomes (ePRO) can help recognize and address these
concerns. Frequent ePRO collection during HSCT has shown
to be feasible and acceptable with patients of different ages,
levels of education, and types of transplant [99]. ePRO can be
conducted from clinic or home, via telephone or the web, using
computers, tablets, and smart phones, allowing for frequent
assessments and monitoring of expected and unexpected toxic-
ities [100, 101] with high rates of compliance [48]. Cost benefit
of ePRO collection in transplant and ePRO ability to potentially
improve outcomes in patients living long distances from their
transplant centers remain to be studied and addressed [102].
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Patient-Reported Experience Measures (PREM)

We anticipate that PROs and PGHD will continue to be-
come more integral components of research and clinical
practice in hematologic malignancies and HSCT. To these
categories of patient-reported data, we also anticipate that
a third important category, Patient Reported Experience
Measures (PREMs), will also assume importance.
Similar to PROs, PREMs are reports directly from the
patient, in this case measuring a patient’s experience with
care delivery. Examples of care delivery metrics include
trust in physicians, adequacy of pain control, experience
with hospitalization, and adequacy of facilities and sup-
portive care measures. We anticipate that PREMs are
highly likely to impact PROs, with subsequent attendant
affects upon HRQOL and overall survival. In the context
of hematologic malignancies and transplantation, which
are longitudinal inpatient and outpatient experiences with
the health care system that span many months to years,
we expect that PREMs will be particularly important.
Further research into measurement methodology, predic-
tive modeling, and intervention planning utilizing PREMs
is needed.

Incorporating Into Clinical Practice—an Evolving
Paradigm

Integrating and incorporating PROs, PREMs, and PGHD into
everyday clinical practice remains a concern. PROs can pro-
vide meaningful information along the cancer continuum,
from diagnosis through survival (Fig. 1). Less studied howev-
er is how to integrate PRO efficiently into care delivery.
Frequent collection of PRO is feasible [99], and with new
technologies such as wearable-derived PGHD, information
available to clinicians will increase exponentially. Research
moving forward should develop and compare alternative ap-
proaches to bringing PROs into practice. Should PROs be
delivered to clinicians at the time of clinic visits, from the
waiting room, or between visits, with electronic home-based
collection or PGHD transmission? Should this information go
directly to primary clinicians, or to an intermediary? Can we
envision a new class of consultants who monitor patient-
reported data, coach and advise patients in order to positively
impact functional status between visits, and summarize this
information in reports for clinicians? Innovative models like
this may be needed to optimize use of patient-reported data in
clinical practice.

Fig. 1 Integration of PRO in
cancer continuum
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Conclusions

PROs have helped improve the care of patients with hemato-
logic malignancies, gaining importance as long-term survival
rates continue to improve. Our treatment approaches for many
conditions have been impacted by information provided di-
rectly by patients themselves. New data acquisition methods
of PGHD provides new opportunities, in conjunction with
PRO, for improving assessments of patient functioning and
increasing awareness of the disease and treatment burden ex-
perienced by patients. With this information in hand, we will
be able to further improve outcomes for patients with these
diseases, from diagnosis through survivorship.
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