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A B S T R A C T

Purpose
To estimate cancer population-based reference values in the United States for eight PROMIS (Patient-
Reported Outcomes Measurement Information System) domains by age and stage of disease.

Patients and Methods
For the Measuring Your Health (MY-Health) study, persons newly diagnosed with cancer (prostate,
colorectal, non–small-cell lung, non-Hodgkin lymphoma, breast, uterine, or cervical) from 2010 to 2012
(N = 5,284) were recruited through the National Cancer Institute’s SEER Program. Participants were
mailed surveys 6 to 13 months after diagnosis. Raking by race/ethnicity, age, and stage generated
weighted average PROMIS scores for pain interference, fatigue, anxiety, depression, sleep distur-
bance, physical function, ability to participate in social roles, and cognitive function. PROMISmeasures
are standardized to a T-score metric, with a score of 50 representing the general US population mean.
Clinically meaningful differences were defined as a 3-point difference in scores.

Results
Several reference values (means) for patients with cancer were worse than the general United
States population norms of 50. These include pain interference (52.4), fatigue (52.2), and physical
function (44.1). Reference values were highest (ie, showed greatest symptom burden) in lung
cancer (pain interference, 55.5; fatigue, 57.3; depression, 51.4) and cervical cancer (anxiety, 53.2;
sleep disturbance, 53.4). Reference values for patients age 65 to 84 years reported lower sleep
disturbance, anxiety, and depression, and better cognitive function than younger patients. Cancer
reference values were poorer among those with advanced disease compared with patients with
limited or no evidence of disease, specifically physical function (41.1 v 46.6, respectively), fatigue
(55.8 v 50.2, respectively), and pain interference (55.2 v 50.9, respectively).

Conclusion
In a large, population-based sample of patients with recently diagnosed cancer, we observed symptom
severity and functional deficits by age, stage, and cancer type consistent with the expected impact of
cancer diagnosis and treatment. These United States cancer reference values can help facilitate in-
terpretation of the PROMIS domain scores in research studies or in clinical applications that measure
and evaluate the symptom and functional burden patientswith cancer experience after initial treatment.

J Clin Oncol 35:1913-1920. © 2017 by American Society of Clinical Oncology

INTRODUCTION

Patient-reported outcomes (PROs; such as
symptom or functional status) have gained in-
creasing recognition over the past two decades as
legitimate trial end points and clinical outcomes.
Medical interventions are increasingly judged by
their impact on PROs across health and disease

states.1-3 There has been increasing clinical re-
search community interest in the broader in-
terpretations of PRO scores for purposes of
comparison across studies and populations and
to allow for contextual interpretation of disease
impact. This is particularly relevant for cancer
research because there is wide range of symptom
severity and functional deficit by cancer type,
stage, and treatment. For persons with a chronic
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condition such as cancer, where deficits relative to the general
population are expected, additional context regarding scores may
be necessary to identify meaningful differences within and across
cancer populations. Disease-specific reference values for PROsmay
be used for these purposes and to evaluate the relative burden of
one disease compared with other diseases. Reference values are
available for several commonly used cancer-specific measures,
including the Functional Assessment of Cancer Therapy–General
and European Organisation for Research and Treatment of Cancer
Quality of Life Questionnaire C30.4,5 However, these reference
values are specific to each measure and are not comparable to one
another. Here, we provide cancer reference values for the United
States for eight National Institutes of Health–supported PROMIS
(Patient-Reported Outcomes Measurement Information System)
measures, including physical function, pain interference, fatigue,
anxiety, depression, sleep disturbance, ability to participate in
social roles and activities, and cognitive function.

PROMIS, a state-of-the-science PRO measurement system,
was developed using mixed qualitative and quantitative methods
and uses item response theory–calibrated item banks for numerous
patient-reported symptoms and functional domains. These PRO
measures can be used across chronic diseases and in the general
population.6 A feature of PROMIS measures is that an individual’s
or group’s score is represented as a T score, normalized and
calibrated against the US population (United States population
average score, 50; 10 points = 1 standard deviation [SD]).7 This
scoring metric provides a general frame of reference for a patient’s
health status relative to the United States general population. The
goal of this study is to estimate and evaluate US cancer-specific
reference values for eight PROMIS domains by cancer type, stage at
diagnosis, and age.

PATIENTS AND METHODS

Study Cohort
The Measuring Your Health (MY-Health) study was a population-

based study to validate PROMIS measures in a diverse cohort of patients
with cancer. The study enrolled patients recently diagnosed with cancer
(stage I to IV; N = 5,284) identified by four SEER Program cancer reg-
istries. Eligible study participants were initially diagnosed from 2010 to
2012, between ages 21 and 84 years, and diagnosed with one of the fol-
lowing seven cancers: prostate, colorectal, non–small-cell lung, female
breast, uterine, cervical, or non-Hodgkin lymphoma (NHL). We stratified
our sample by race/ethnicity (non-Hispanic white, non-Hispanic black,
Hispanic, or Asian) and age group (21 to 49, 50 to 64, or 65 to 84 years). All
subjects were contacted using a mixed-mode survey (mail with phone call
follow-up of nonresponders) within 6 to 13months (median, 9 months) of
diagnosis. Participants were provided Spanish or Mandarin Chinese
(simple or traditional) versions of the questionnaire as necessary. More
details on the study population (including a study flowchart), eligibility
criteria, and survey procedures are provided elsewhere.8,9 This study was
approved by the institutional review boards for each participating SEER
site and Georgetown University (Washington, DC).

PROMIS Measures
We administered the following PROMIS short forms: Anxiety (11

items, a = .97); Depression (10 items, a = .97); Fatigue (14 items, a = .96);
Pain Interference (10 items, a = .98); Physical Function (15 items, a = .96);
Sleep Disturbance (10 items, a = .95); Ability to Participate in Social Roles

and Activities (version 2; 10 items, a = .98; abbreviated as social function
hereafter); and Cognitive Function (version 2; eight items, a = .98).
PROMISmeasures are standardized to a T-score metric (mean, 50; SD, 10);
higher scores reflect more of what is being assessed, either worse symptoms
or higher levels of function. We created these custom PROMISmeasures by
selecting items based on their inclusion in commonly used PROMIS short
forms or their frequent selection in the PROMIS computer adaptive testing
format at score levels 0.5 and 1.0 SD worse than the US population mean
and because they are more likely to be administered to people with
moderate symptoms or functional issues. This ensures that these reference
values will cover the full range of symptom and functional issues expe-
rienced and will be appropriate for use with any PROMIS administration.
Scores are not disease specific and will allow comparisons to any other
patient population that is administered these PROMIS domains. PROMIS
measures were scored using the Assessment Center Scoring Service.10 The
scoring service uses standard expected a posteriori item response theory
scoring for individual response patterns.11 On the basis of prior PROMIS
validation studies in cancer, we considered a group score difference of 3
points likely to be clinically meaningful.12,13 Published symptom cutoff
scores for pain interference, fatigue, anxiety, and depression were used to
describe symptom severity (none, mild, moderate, or severe).14

SEER Data and Population
The SEER Program has collected data on every patient with cancer

from 20 selected geographical areas of the United States since 1973; its
cancer registries have been the primary source of US cancer incidence and
survival statistics. The SEER Program is the only comprehensive source of
population-based cancer information that includes stage of disease at
diagnosis, and this information will ensure these reference values are
generated using verified cancer information. We used the SEER annual
incident cancer population from all 18 participating registries diagnosed in
2010 to 2012 to approximate the total US population with cancer to
estimate PROMIS cancer-specific reference values. The SEER areas cover
approximately 30% of the US population and include populations that
reflect the diverse demographics of the US population. Even though the
registry areas are not considered statistically representative of the US
population,15,16 studies have shown no significant differences in de-
mographics (age, race, or sex).17-19 We used SEER*Stat software version
8.1.5 to obtain SEER incidence counts for each of the seven cancer types by
age at diagnosis, sex, race (white, black, American Indian/Alaska Native,
Asian, or Pacific Islander) and ethnicity (Hispanic), and American Joint
Committee on Cancer–derived cancer stage (seventh edition).20 Our
cohort included individuals diagnosed with invasive cancer, who were age
21 to 84 years at diagnosis, and whowere not identified as a new cancer case
from an autopsy or death certificate.

Estimation Procedures
Before initiating data collection, we consulted with five hematologist–

medical oncologists with expertise in the seven different cancer types
included in our study. These consultants recommended optimal age and
stage categories to use for estimating reference values that would be
most useful for clinical research and practice. We then collapsed some
age and stage categories as a result of sample size considerations after
consulting with our clinical experts.

We started with equal weights for the cohort cases and then created
new weights to estimate PROMIS reference values for the cancer-specific
age and stage groups for each of the eight domains. Separate sets of weights
were created for each cancer type to reweight the cohort to mirror the
SEER-derived US cancer population. Following the same procedure used
by others to generate PROMIS US national reference values (setting the
overall US population mean at 50),7 we used the iterative proportional
fitting (raking) technique, which involves raking over a set of variables
iteratively to reweight the cohort population to match the distribution of
the reference population (the 18 SEER cancer registries). We alternated one
variable at a time. The iteration continued until the distribution of all the

1914 © 2017 by American Society of Clinical Oncology JOURNAL OF CLINICAL ONCOLOGY

Jensen et al



raking variables matched between the cohort and reference populations.
The summed weights of each cohort are equal to the total number of
cohort cases of the same cancer type.

We chose to rake on age, sex, and race/ethnicity to account for
oversampling in the MY-Health study cohort. We also raked on stage at
diagnosis because of a slightly lower response rate in our study among
persons with more advanced stage of disease. Each of these variables was
selected to ensure the distributions matched the SEER cohort (Table 1).
These weights were then applied using survey sampling methods to obtain
reference values for each of the PROMIS symptom and function domains
across all cancers and within each cancer type according to stage, age, and
age/stage combinations (subgroup domains in statistical sampling). We
used SAS version 9.3 (SAS Institute, Cary, NC) for all analyses, and an SAS
macro to perform the raking.21

RESULTS

We compared the MY-Health study cohort (stages I to IV; N = 5,284)
selected from four SEER cancer registries with the total SEER cancer
population (18 registries; Table 1). The total SEER population was
older and more likely to be non-Hispanic white than the MY-Health
cohort, consistent with our oversampling of nonwhite and younger
populations in four registries. The total SEER populations, compared
with the MY-Health cohort, also had higher frequencies of newly
diagnosed stage IV breast cancer (6% v 2%, respectively), stage III or
IV lung cancer (76% v 56%, respectively), and stage III or IV NHL
(54% v 49%, respectively; data not shown).

Overall, as shown in Table 2, there is a deficit in physical
function and elevated pain interference and fatigue in persons with

cancer relative to the US population. Persons with cancer reported
a physical function score of 44.8, a large deficit relative to the norm of
50 for the United States population; patients with lung cancer re-
ported the lowest physical function scores (mean, 38.4). Pain in-
terference and fatigue scores were above normal (52.4 and 52.2,
respectively), each reflecting mild PROMIS pain interference and
fatigue symptom thresholds ($ 50.0).14 Notably, men with prostate
cancer reported the lowest symptoms and highest function across all
categories. Persons with lung cancer reported the highest symptoms
and poorest functioning, with fatigue (mean score, 57.3) exceeding
the established PROMIS threshold ($ 55.0) for moderate fatigue
severity. Women with cervical cancer reported higher anxiety (mean
score, 53.2) than patients with the other six cancers (Table 2).

Cancer reference values by age demonstrate that older patients
with cancer report lower symptom severity, better cognitive
function, and worse physical function than younger patients
(Table 2). The largest differences between patients age 21 to 49
years and patients age 65 to 84 years were observed in the domains
of anxiety, sleep disturbance, and depression (score differences, 4.5,
3.9, and 3.3, respectively). There were also large differences in
symptom severity and function by stage at diagnosis. For example,
patients with stage IV disease had higher symptom scores for pain
interference and fatigue compared with patients with stage I disease
(score differences, 4.3 and 5.5, respectively).

Reference values by stage of diagnosis within age groups (com-
bining all seven cancer types) indicate the pattern of greater symptom
severity for younger people with cancer, but also indicate a wide range
of symptom severity by stage within each age group (Table 3).

Table 1. Demographic Characteristics: Study Cohort and All SEER Registries

Characteristic

MY-Health Cohort
(four registries; N = 5,284)

All SEER Registries
(18 registries; N = 447,684)

No. of Patients % No. of Patients %

Age at diagnosis, years*
24-49 1,148 22 59,536 13
50-64 1,962 37 182,687 41
65-84 2,174 41 205,461 46

Stage at diagnosis
I 1,983 38 157,792 35
II 1,731 33 136,977 31
III 935 18 64,623 14
IV 635 12 88,292 20

Race/ethnicity*
White 2,160 41 306,800 69
Black 1,081 20 55,961 13
Hispanic 1,018 19 45,531 10
Asian 858 16 27,998 6
Other 167 3 11,394 3

Sex
Female 3,154 60 231,677 52
Male 2,130 40 216,007 48

Cancer type
Breast 1,588 30 125,002 28
Prostate 1,140 22 132,427 30
Uterine 388 7 28,970 6
Cervical 141 3 8,034 2
Colorectal 890 17 28,996 6
Lung 694 13 92,536 21
Non-Hodgkin lymphoma 443 8 31,719 7

Abbreviation: MY-Health, Measuring Your Health.
*P , .01.
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However, overall trends were not consistently observed within each
individual cancer type (Tables 4 and 5). Persons with NHL reported
minimal differences in both pain interference and fatigue scores by
stage. Additional reference values for each of the seven cancers by both
age and stage are listed in Appendix Tables A1 and A2), online only.

DISCUSSION

Using a large, population-based cohort of persons recently di-
agnosed with one of seven different cancers, we estimated US-
specific PROMIS cancer reference values for the health domains of
pain interference, fatigue, sleep disturbance, anxiety, depression,
physical function, social function, and cognitive function. We
found that relative to the general United States population, persons
diagnosed with cancer report elevated pain interference and
fatigue and a meaningful deficit in physical function at a time point
when most have completed active cancer treatment. Our findings
confirm previous national survey-based studies evaluating re-
spondents within 2 years of a cancer diagnosis.22-24

These values suggest that meaningful, distinct symptom
trends exist for patients with cancer by cancer stage, age at di-
agnosis, and cancer type. This supports the necessity of US ref-
erence values tailored to specific clinical information to ensure
relevant interpretation across research and clinical settings. For
example, the US pain interference and fatigue reference values for
stage IV cancer are substantially higher (worse) than other values,
reflecting the fact that these are two of the most prevalent
symptoms reported by people diagnosed with advanced cancer.25

US values for anxiety and depression were lower for older people
with cancer irrespective of cancer type and stage, reflecting both
conceptual theory and research on the decreasing mental health
impact of a cancer diagnosis with increasing age.26,27

Our findings reflect the heterogeneity of symptoms and
function by cancer type after treatment, reported in multicenter
studies and national surveys. Examples include elevated anxiety
reported by women with cervical cancer,24 severe fatigue reported
by people with lung cancer,28 and men with prostate cancer
reporting minimal symptoms and higher function equivalent to or
better than scores reported by the general US population.29 Fur-
thermore, these reference values are consistent with recent
PROMIS cancer validation studies. In a longitudinal validation
study of six PROMIS measures in patients with localized prostate
cancer (n = 774) living in North Carolina, measures at 12 months
after diagnosis were within 1 point of the US prostate cancer
reference values generated in this study.30

The availability of new US cancer-specific reference values
provides an important tool for researchers and clinicians to better
evaluate and interpret patient-reported symptoms and functional
status using PROMIS. Our estimates of reference values by age and
stage at diagnosis within each cancer type also allow for more
tailored interpretation and understanding of symptoms within
these subgroups. There has been increasing interest in in-
corporating valid PRO measurement in the evaluation and dis-
semination of new cancer therapies,31 from inclusion in clinical
trials as part of the US Food and Drug Administration’s approval
process to informing observational comparative effectiveness re-
search efforts.32 The PROMIS cancer reference values provide
cancer clinical researchers the ability to compare their study-
specific PROMIS results in the context of a more representative
United States cancer population. For example, the reference values
can evaluate the extent to which patients on such trials return
to an average physical function level relative to other patients
with cancer of the same age, stage, and type treated in the
United States population. Furthermore, as cancer trials consider
smaller, adaptive trial designs, tailored reference values can permit

Table 2. US PROMIS Cancer Reference Values by Age, Stage, and Cancer Type

Group

Mean Score (SE)

Pain
Interference* Fatigue*

Sleep
Disturbance* Anxiety* Depression*

Physical
Function†

Social
Function†

Cognitive
Function†

Overall 52.4 (0.2) 52.2 (0.2) 50.6 (0.2) 49.2 (0.2) 48.5 (0.2) 44.8 (0.2) 50.3 (0.2) 52.1 (0.2)
Cancer type
Breast 52.8 (0.3) 52.5 (0.3) 51.7 (0.3) 49.6 (0.3) 48.5 (0.3) 44.9 (0.3) 50.7 (0.3) 50.9 (0.4)
Prostate 49.1 (0.3) 47.3 (0.3) 48.2 (0.3) 45.9 (0.3) 45.4 (0.3) 50.2 (0.3) 55.1 (0.3) 56.6 (0.3)
Uterine 51.1 (0.7) 50.5 (0.7) 51.0 (0.7) 48.8 (0.7) 47.6 (0.6) 46.1 (0.6) 52.4 (0.7) 53.9 (0.7)
Cervical 53.6 (1.1) 54.3 (1.2) 53.4 (0.9) 53.2 (1.2) 51.9 (1.2) 44.7 (0.9) 49.7 (1.1) 49.8 (1.1)
Colorectal 53.6 (0.4) 52.9 (0.4) 50.6 (0.4) 49.4 (0.4) 48.4 (0.4) 44.7 (0.4) 49.1 (0.4) 51.2 (0.5)
Lung 55.5 (0.5) 57.3 (0.5) 52.3 (0.4) 51.4 (0.5) 51.1 (0.5) 38.4 (0.4) 44.6 (0.4) 49.8 (0.5)
NHL 51.9 (0.5) 52.2 (0.5) 50.4 (0.5) 50.0 (0.5) 49.3 (0.5) 45.4 (0.5) 50.3 (0.5) 50.9 (0.6)

Age, years (all stages)
21-49 53.4 (0.4) 53.6 (0.4) 53.1 (0.4) 52.0 (0.4) 50.5 (0.4) 46.7 (0.3) 50.2 (0.4) 48.8 (0.4)
50-64 53.3 (0.3) 52.5 (0.3) 51.5 (0.3) 50.2 (0.3) 49.2 (0.3) 45.5 (0.3) 50.1 (0.3) 51.4 (0.3)
65-84 51.4 (0.3) 51.4 (0.3) 49.2 (0.2) 47.5 (0.3) 47.2 (0.3) 43.7 (0.2) 50.6 (0.3) 53.6 (0.3)

Stage (all ages)
I 50.9 (0.3) 50.2 (0.3) 50.3 (0.3) 48.4 (0.3) 47.5 (0.3) 46.6 (0.3) 52.7 (0.3) 53.6 (0.3)
II 51.8 (0.3) 51.1 (0.3) 50.3 (0.3) 48.6 (0.3) 47.8 (0.3) 46.0 (0.3) 51.2 (0.3) 52.5 (0.3)
III 53.6 (0.4) 54.3 (0.4) 51.2 (0.4) 49.9 (0.4) 49.0 (0.4) 43.0 (0.4) 48.2 (0.4) 51.0 (0.4)
IV 55.2 (0.5) 55.8 (0.5) 51.4 (0.5) 51.4 (0.5) 50.8 (0.5) 41.1 (0.4) 46.3 (0.5) 49.5 (0.5)

Abbreviations: NHL, non-Hodgkin lymphoma; PROMIS, Patient-Reported Outcomes Measurement Information System.
*Higher score indicates higher symptom severity.
†Higher score indicates better function.
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interpretation of symptom burden within and across small, unique
cancer subpopulations by age and cancer stage.

In clinical practice, reference values can be used to inform
interventions. Electronic PRO screening has been shown to engage
patients as active participants in their care, improving patient-
provider communication and providing immediate feedback to

physicians about their patients’ health status.33-36 However, al-
though PROs have been used more frequently in clinical care
settings and are increasingly available within electronic health
record systems, there is limited evidence about how PRO scores can
best be made clinically actionable. A recent review of electronic
PRO systems indicates that the inclusion of reference values in

Table 4. US PROMIS Cancer Reference Values by Cancer Type and Stage

Cancer Type
and Stage

No. of
Patients

Mean Score (SE)

Pain
Interference* Fatigue*

Sleep
Disturbance* Anxiety* Depression*

Physical
Function†

Social
Function†

Cognitive
Function†

Breast
I 755 50.9 (0.4) 50.7 (0.5) 50.9 (0.5) 48.6 (0.5) 47.7 (0.4) 46.5 (0.4) 52.7 (0.5) 52.6 (0.5)
II 609 53.8 (0.5) 53.7 (0.5) 52.7 (0.5) 51.0 (0.6) 49.7 (0.6) 43.7 (0.4) 49.2 (0.5) 49.0 (0.6)
III 186 56.1 (0.9) 54.7 (0.9) 51.1 (0.8) 50.6 (0.9) 49.2 (1.0) 42.6 (0.8) 47.6 (0.9) 48.9 (1.0)
IV 38 57.2 (1.8) 56.1 (1.7) 53.4 (2.2) 51.9 (1.8) 49.0 (1.8) 42.8 (1.4) 47.3 (1.9) 51.2 (2.3)

Prostate
I/II 961 48.9 (0.4) 46.9 (0.4) 48.0 (0.3) 45.5 (0.4) 45.0 (0.4) 50.3 (0.4) 55.3 (0.4) 56.7 (0.4)
III/IV 179 50.0 (0.9) 49.4 (0.8) 48.9 (0.8) 48.4 (0.8) 47.7 (0.9) 49.5 (0.8) 53.6 (0.8) 55.9 (0.9)

Uterine
I/II 318 50.7 (0.7) 49.7 (0.8) 51.2 (0.7) 48.8 (0.7) 47.6 (0.7) 47.0 (0.7) 53.5 (0.7) 54.0 (0.7)
III/IV 70 52.6 (1.5) 53.6 (1.9) 50.2 (1.8) 48.9 (1.6) 47.7 (1.4) 42.9 (1.3) 48.2 (2.0) 53.5 (1.5)

Cervical
I 80 51.1 (1.4) 51.8 (1.6) 52.5 (1.2) 51.5 (1.6) 50.0 (1.6) 48.4 (1.3) 52.6 (1.6) 51.7 (1.5)
II/III/IV 61 56.1 (1.7) 56.6 (1.8) 54.2 (1.4) 54.9 (1.7) 53.6 (1.8) 41.2 (1.2) 46.9 (1.5) 47.9 (1.6)

Colorectal
I/II 442 52.1 (0.6) 50.8 (0.6) 50.2 (0.5) 48.5 (0.6) 47.6 (0.6) 46.5 (0.5) 51.2 (0.6) 52.9 (0.6)
III 292 54.0 (0.7) 53.9 (0.7) 51.0 (0.7) 49.9 (0.7) 48.9 (0.7) 43.4 (0.6) 48.0 (0.7) 49.7 (0.7)
IV 156 56.5 (1.0) 56.5 (0.9) 50.9 (0.9) 51.0 (1.1) 49.8 (1.0) 41.8 (0.9) 45.4 (1.0) 49.1 (1.1)

Lung
I/II 308 54.2 (0.6) 54.6 (0.6) 51.1 (0.6) 50.8 (0.7) 50.1 (0.7) 40.2 (0.5) 47.2 (0.6) 51.5 (0.7)
III/IV 386 55.8 (0.6) 58.2 (0.6) 52.6 (0.5) 51.6 (0.6) 51.4 (0.6) 37.9 (0.5) 43.7 (0.6) 49.2 (0.7)

Non-Hodgkin lymphoma
I/II 228 51.2 (0.8) 52.0 (0.7) 51.1 (0.8) 50.0 (0.7) 48.9 (0.7) 46.3 (0.8) 50.6 (0.8) 50.7 (0.7)
III/IV 215 52.6 (0.8) 52.4 (0.8) 50.6 (0.8) 50.1 (0.8) 49.6 (0.8) 44.8 (0.7) 50.0 (0.8) 50.1 (0.7)

Abbreviation: PROMIS, Patient-Reported Outcomes Measurement Information System.
*Higher score indicates higher symptom severity.
†Higher score indicates better function.

Table 3. US PROMIS Cancer Reference Values by Stage and Age (all cancers)

Age and Stage
No. of
Patients

Mean Score (SE)

Pain
Interference* Fatigue*

Sleep
Disturbance* Anxiety* Depression*

Physical
Function†

Social
Function†

Cognitive
Function†

Age 21-49 years
I 443 51.7 (0.6) 52.1 (0.6) 53.2 (0.6) 51.6 (0.6) 50.1 (0.6) 48.9 (0.5) 52.5 (0.6) 50.6 (0.7)
II 363 53.6 (0.7) 53.9 (0.7) 53.9 (0.6) 52.6 (0.7) 50.8 (0.6) 46.1 (0.5) 49.7 (0.6) 47.3 (0.8)
III 215 53.8 (0.9) 53.1 (0.9) 51.9 (0.8) 51.6 (0.9) 50.0 (0.9) 45.4 (0.7) 49.7 (0.8) 49.5 (0.9)
IV 127 56.2 (1.2) 56.3 (1.2) 52.5 (1.1) 52.3 (1.3) 51.3 (1.2) 44.2 (0.9) 46.8 (1.1) 47.0 (1.2)

Age 50-64 years
I 732 51.3 (0.5) 50.4 (0.5) 51.4 (0.4) 49.4 (0.5) 48.2 (0.4) 47.6 (0.4) 52.7 (0.5) 53.1 (0.5)
II 616 52.8 (0.5) 51.5 (0.5) 51.0 (0.4) 49.6 (0.5) 48.7 (0.5) 47.0 (0.5) 50.9 (0.5) 51.9 (0.6)
III 373 54.6 (0.7) 54.8 (0.6) 52.7 (0.6) 51.0 (0.7) 49.8 (0.6) 43.4 (0.5) 47.9 (0.6) 49.7 (0.7)
IV 241 56.5 (0.8) 56.0 (0.8) 51.6 (0.8) 52.0 (0.8) 51.1 (0.9) 41.1 (0.7) 45.9 (0.8) 49.2 (0.8)

Age 65-84 years
I 808 50.4 (0.4) 49.4 (0.4) 48.4 (0.4) 46.5 (0.4) 46.1 (0.4) 45.1 (0.4) 52.7 (0.4) 55.0 (0.4)
II 752 50.5 (0.4) 50.0 (0.4) 48.9 (0.4) 46.7 (0.4) 46.2 (0.4) 45.2 (0.4) 51.8 (0.4) 54.3 (0.4)
III 347 52.5 (0.6) 54.1 (0.6) 49.3 (0.6) 48.1 (0.6) 47.9 (0.6) 41.8 (0.6) 47.9 (0.6) 52.9 (0.7)
IV 267 53.7 (0.8) 55.5 (0.7) 50.9 (0.7) 50.5 (0.7) 50.3 (0.7) 40.2 (0.7) 46.5 (0.8) 50.4 (0.8)

Abbreviation: PROMIS, Patient-Reported Outcomes Measurement Information System.
*Higher score indicates higher symptom severity.
†Higher score indicates better function.

jco.org © 2017 by American Society of Clinical Oncology 1917

US PROMIS Reference Values

http://jco.org


clinician reports occurs in approximately 50% of all reports pro-
duced.37 Incorporating cancer-specific reference values in PRO re-
ports tailored to age and stage could provide more clinically
meaningful symptom information to better help providers identify
and monitor patient symptoms. For example, the Robert H. Lurie
Comprehensive Cancer Center gynecologic oncology outpatient clinic
(Northwestern University, Chicago, IL) has implemented PROMIS
computer adaptive tests as part of a previsit electronic assessment
using an electronic health record–linked patient portal. In a 3-year
pilot study, physical function was identified as the most common
concern, generating the most physician notifications.38 The inclusion
of United States reference values for physical function would provide
context for tailoring physical function screening and monitoring by
age, stage, and cancer type. We would expect patients with early-stage
uterine cancer younger than age 60 years to report physical function
scores near the US average (reference score, 48.4). These patients may
benefit more from a higher score notification threshold than for
similar patients older than age 60 years with lower function (reference
score, 45.8). These reference values would provide tailored alerts in
clinical care settings, better highlighting relevant concerns for review.

There are important limitations of our study. First, although
SEER covers approximately 30% of United States incident patients
with cancer,15 it is not designed to be representative of all United
States patients with cancer. Second, the MY-Health cohort was
surveyed 6 to 13 months after diagnosis (median, 9 months), and
SEER information cannot identify who is on current treatment or
who is experiencing cancer progression or recurrence. Although
this limits specific score interpretations, these values provide im-
portant contextual information at a point after diagnosis when
many, but not all, patients have completed primary cancer therapy.

Therefore, these values reflect a time point at which patients without
rapid disease progression have returned to a more stable status that
approximates their likely long-term status after therapy.39 These
reference values provide benchmarks relative to time since diagnosis
by age, type, and stage. Research characterizing acute symptoms and
functional declines as a result of specific treatments will provide
additional comparisons informing research and practice.

Another limitation is that the MY-Health study assessed seven
cancers and eight PROMIS domains, and thus, we are unable to es-
timate reference values for other cancers and domains. Despite this
limitation, this study provides a sufficiently large cohort to include
robust US reference values for less commonly surveyed cancers (lung,
NHL, and uterine). In addition, although we reported all mean values
and SE estimates, we strongly recommend not reporting values
generated in groupswith less than 50 people or where the SE is 2 points
or greater. Finally, there may have been some changes in therapies for
some of the included cancers because the patients from theMY-Health
cohort were first diagnosed and treated from 2010 to 2012; therefore,
a current cohort of patients with cancer may have worse or better
symptoms and function. However, despite these limitations, this study
is one of the first large cohorts of persons age 18 to 84 years to use
verified clinical information regarding cancer type and age to generate
these values at a specific time interval after diagnosis.

In conclusion, there is currently no available common PRO
metric for assessingmorbidity in cancer. As a result, it is challenging to
estimate the burden of cancer in terms of health-related quality of life
(symptoms and function) in patients with cancer or survivors relative
to the United States general population. Because general United States
population PROMIS reference values are already available, cancer-
specific United States reference values enhance the understanding of

Table 5. US PROMIS Cancer Reference Values by Cancer Type and Age

Cancer Type
and Age (years)

No. of
Patients

Mean Score (SE)

Pain
Interference* Fatigue*

Sleep
Disturbance* Anxiety* Depression*

Physical
Function†

Social
Function†

Cognitive
Function†

Breast
21-49 580 53.7 (0.6) 54.2 (0.6) 53.9 (0.6) 52.3 (0.6) 50.5 (0.5) 46.0 (0.4) 50.2 (0.5) 47.3 (0.6)
50-64 556 53.2 (0.5) 52.9 (0.5) 52.2 (0.5) 50.2 (0.6) 48.9 (0.5) 45.6 (0.5) 50.4 (0.6) 50.9 (0.6)
65-84 452 51.7 (0.6) 50.8 (0.6) 49.4 (0.6) 47.5 (0.6) 47.0 (0.6) 43.4 (0.5) 51.3 (0.6) 53.4 (0.6)

Prostate
42-64 536 49.2 (0.5) 47.1 (0.5) 49.2 (0.4) 46.6 (0.5) 46.1 (0.5) 51.8 (0.5) 55.2 (0.5) 56.7 (0.5)
65-74 473 48.5 (0.5) 46.7 (0.5) 47.6 (0.5) 45.2 (0.5) 44.5 (0.5) 49.6 (0.5) 55.5 (0.5) 56.6 (0.5)
75-84 131 50.0 (1.1) 49.4 (0.9) 46.3 (0.9) 45.7 (1.0) 45.5 (1.0) 46.0 (0.9) 53.3 (1.0) 56.1 (1.0)

Uterine
28-59 180 51.3 (1.0) 50.6 (1.1) 52.5 (1.0) 50.3 (1.0) 48.4 (1.0) 47.7 (0.9) 52.6 (1.1) 53.4 (1.1)
60-83 208 50.9 (0.9) 50.4 (1.0) 49.8 (0.9) 47.6 (0.9) 47.0 (0.8) 44.9 (0.8) 52.3 (0.9) 54.3 (0.8)

Cervical
24-49 92 52.1 (1.4) 53.7 (1.6) 53.1 (1.1) 52.7 (1.5) 52.0 (1.5) 47.5 (1.0) 51.8 (1.3) 50.2 (1.3)
50-81 49 55.5 (1.8) 55.0 (1.9) 53.7 (1.6) 53.8 (2.0) 51.8 (1.9) 41.2 (1.5) 47.0 (1.8) 49.3 (1.8)

Colorectal
22-64 480 55.1 (0.6) 54.3 (0.6) 51.9 (0.6) 51.2 (0.6) 49.6 (0.6) 44.9 (0.5) 48.2 (0.6) 49.7 (0.6)
65-84 410 51.1 (0.6) 50.6 (0.5) 48.5 (0.5) 46.6 (0.6) 46.5 (0.6) 44.3 (0.5) 50.6 (0.5) 53.7 (0.6)

Lung
25-69 430 57.0 (0.6) 57.6 (0.6) 53.8 (0.6) 52.5 (0.6) 52.2 (0.7) 39.0 (0.4) 44.3 (0.6) 49.0 (0.6)
70-84 264 53.4 (0.8) 57.0 (0.8) 50.2 (0.7) 50.0 (0.8) 49.5 (0.8) 37.7 (0.7) 44.9 (0.7) 50.8 (0.9)

Non-Hodgkin lymphoma
21-59 211 52.2 (0.8) 51.9 (0.9) 50.9 (0.8) 51.8 (0.8) 50.0 (0.8) 47.8 (0.8) 50.4 (0.8) 48.7 (0.9)
60-84 232 51.7 (0.7) 52.5 (0.7) 50.0 (0.7) 48.8 (0.7) 48.8 (0.7) 43.8 (0.7) 50.1 (0.7) 52.4 (0.8)

Abbreviation: PROMIS, Patient-Reported Outcomes Measurement Information System.
*Higher score indicates higher symptom severity.
†Higher score indicates better function.
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the burden of cancer, which includes all morbidity, from chronic
conditions to acute care situations. This, in turn, provides population-
level information to inform broad health care policy issues such as
incentivizing PRO collection and use in clinical care. These United
States reference values can facilitate clinicallymeaningful interpretations
and comparisons of PROMIS measures in research and practice.
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Appendix

Table A1. US PROMIS Cancer Reference Values by Stage and Age (breast and colorectal cancers)

Age and Stage
No. of
Patients

Mean Score (SE)

Pain
Interference* Fatigue*

Sleep
Disturbance* Anxiety* Depression*

Physical
Function†

Social
Function†

Cognitive
Function†

Breast cancer
Age 24-49 years
I 232 52.8 (0.8) 53.2 (0.9) 53.8 (0.9) 51.9 (0.9) 50.5 (0.8) 48.0 (0.7) 51.8 (0.8) 49.1 (1.1)
II 255 54.4 (0.8) 55.0 (0.8) 54.9 (0.7) 53.7 (0.8) 51.5 (0.8) 44.6 (0.6) 49.1 (0.7) 45.3 (0.9)
III 82 52.1 (1.3) 52.3 (1.3) 51.7 (1.1) 49.6 (1.4) 47.7 (1.4) 46.1 (1.0) 50.2 (1.2) 49.0 (1.6)
IV 11 58.2 (3.7) 59.8 (3.7) 53.4 (5.0) 51.9 (3.8) 50.6 (3.3) 41.9 (2.1) 47.0 (3.3) 44.7 (3.8)

Age 50-64 years
I 256 50.4 (0.7) 50.8 (0.8) 51.9 (0.8) 49.0 (0.8) 48.0 (0.7) 47.8 (0.7) 52.8 (0.8) 52.3 (0.9)
II 214 54.4 (0.9) 54.3 (0.8) 52.8 (0.7) 50.3 (1.0) 49.4 (0.9) 44.0 (0.7) 49.0 (0.9) 49.4 (1.0)
III 66 58.7 (1.3) 57.1 (1.1) 52.0 (1.2) 52.8 (1.6) 51.2 (1.7) 42.4 (1.0) 45.8 (1.4) 46.4 (1.6)
IV 20 57.0 (1.6) 53.2 (2.0) 52.3 (2.3) 53.0 (2.6) 48.8 (1.9) 44.3 (1.9) 49.0 (2.5) 55.9 (3.1)

Age 65-84 years
I 267 50.4 (0.7) 49.5 (0.7) 48.7 (0.7) 46.6 (0.7) 46.2 (0.7) 44.7 (0.7) 53.0 (0.8) 54.6 (0.8)
II 140 52.3 (1.0) 51.6 (1.0) 50.3 (1.0) 49.1 (1.1) 48.3 (1.1) 42.5 (1.0) 49.7 (1.1) 52.2 (1.2)
III 38 56.1 (1.8) 53.3 (2.2) 48.9 (2.1) 48.0 (1.8) 47.8 (1.7) 39.3 (1.9) 47.7 (1.8) 52.6 (1.9)
IV 7 56.2 (5.9) 59.5 (3.6) 56.3 (6.8) 48.8 (1.4) 47.6 (6.0) 39.9 (3.6) 43.2 (3.7) 45.9 (4.8)

Colorectal cancer
Age 21-64 years
I/II 198 53.9 (1.0) 52.5 (1.0) 52.2 (0.8) 51.4 (1.0) 49.7 (0.9) 47.3 (0.8) 50.3 (1.0) 51.2 (1.0)
III 178 54.9 (1.0) 54.7 (0.8) 51.8 (1.0) 50.9 (0.9) 49.8 (0.9) 43.7 (0.7) 47.6 (0.8) 48.6 (0.9)
IV 104 57.4 (1.2) 56.9 (1.1) 51.5 (1.1) 51.1 (1.3) 49.5 (1.2) 42.1 (1.1) 45.1 (1.3) 48.3 (1.3)

Age 65-84 years
I/II 244 50.1 (0.7) 49.0 (0.7) 47.9 (0.6) 45.3 (0.7) 45.3 (0.6) 45.6 (0.7) 52.2 (0.7) 54.9 (0.8)
III 114 52.4 (1.1) 52.4 (1.1) 49.4 (0.9) 47.9 (1.0) 47.3 (1.1) 42.8 (1.0) 48.7 (1.1) 51.9 (1.2)
IV 52 53.7 (1.8) 55.3 (1.4) 49.3 (1.8) 50.8 (2.1) 50.7 (2.0) 41.0 (1.4) 46.2 (1.5) 51.6 (1.7)

Abbreviation: PROMIS, Patient-Reported Outcomes Measurement Information System.
*Higher score indicates higher symptom severity.
†Higher score indicates better function.
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Table A2. US PROMIS Cancer Reference Values by Stage and Age (prostrate, cervical, uterine lung, and NHL cancers)

Age and Stage
No. of
Patients

Mean Score (SE)

Pain
Interference* Fatigue*

Sleep
Disturbance* Anxiety* Depression*

Physical
Function†

Social
Function†

Cognitive
Function†

Prostate
Age 36-64 years

I/II 435 49.1 (0.6) 46.6 (0.6) 49.4 (0.5) 46.1 (0.5) 45.7 (0.5) 52.2 (0.5) 55.6 (0.5) 56.9 (0.5)
III/IV 101 49.4 (1.2) 49.3 (1.1) 48.3 (1.1) 48.8 (1.1) 48.0 (1.2) 50.3 (1.0) 53.9 (1.1) 55.8 (1.2)

Age 65-74 years
I/II 403 48.3 (0.5) 46.3 (0.5) 47.2 (0.5) 44.8 (0.6) 44.2 (0.6) 49.7 (0.5) 55.7 (0.6) 56.7 (0.6)
III/IV 70 49.9 (1.4) 49.0 (1.3) 50.1 (1.5) 47.2 (1.2) 46.5 (1.4) 49.2 (1.3) 53.7 (1.3) 55.5 (1.2)

Age 75-84 years
I/II 123 49.6 (1.1) 49.1 (0.9) 46.2 (0.9) 45.3 (1.0) 45.2 (1.1) 46.2 (1.0) 53.6 (1.0) 55.9 (1.0)
III/IV 8 57.5 (3.3) 54.5 (3.7) 47.8 (2.8) 52.7 (2.4) 52.2 (2.4) 42.0 (3.7) 48.1 (3.5) 59.8 (2.1)

Uterine
Age 26-59 years

I/II 147 50.8 (1.1) 50.0 (1.2) 52.4 (1.0) 50.5 (1.1) 48.9 (1.1) 48.4 (0.9) 53.7 (1.1) 53.0 (1.2)
III/IV 33 53.2 (2.3) 52.6 (2.9) 52.7 (2.6) 49.6 (2.4) 46.5 (2.0) 45.0 (2.4) 48.8 (3.2) 54.5 (2.5)

Age 60-84 years
I/II 171 50.6 (1.0) 49.4 (1.0) 50.3 (1.0) 47.5 (1.0) 46.5 (0.9) 45.8 (1.0) 53.3 (1.0) 54.7 (0.9)
III/IV 37 52.0 (2.1) 54.7 (2.4) 47.7 (2.4) 48.2 (2.0) 48.9 (1.8) 41.0 (1.3) 47.6 (2.5) 52.5 (1.8)

Cervical
Age 24-49 years

I 59 50.3 (1.6) 51.9 (1.9) 53.3 (1.3) 52.1 (1.9) 50.7 (1.8) 50.6 (1.4) 53.7 (1.7) 52.2 (1.7)
II/III/IV 33 54.6 (2.5) 56.1 (2.6) 52.9 (1.9) 53.7 (2.3) 53.8 (2.6) 43.1 (1.5) 49.3 (2.1) 47.4 (2.1)

Age 50-84 years
I 21 52.6 (3.0) 51.6 (2.9) 51.0 (2.4) 50.5 (3.0) 48.7 (3.1) 44.1 (2.8) 50.6 (3.3) 50.8 (2.8)
II/III/IV 28 57.2 (2.2) 56.9 (2.4) 55.2 (2.1) 55.8 (2.5) 53.5 (2.4) 39.6 (1.7) 46.0 (2.0) 48.4 (2.3)

Lung
Age 22-69 years

I/II 176 55.9 (0.9) 56.6 (0.8) 52.9 (0.8) 52.8 (0.9) 51.8 (0.9) 40.3 (0.6) 45.8 (0.9) 49.4 (1.0)
III/IV 254 57.3 (0.7) 57.8 (0.7) 54.1 (0.7) 52.4 (0.8) 52.3 (0.8) 38.7 (0.5) 43.9 (0.7) 48.9 (0.8)

Age 70-84 years
I/II 132 52.5 (0.9) 52.6 (0.9) 49.3 (0.8) 48.7 (0.9) 48.3 (1.0) 40.2 (0.7) 48.6 (0.9) 53.7 (0.9)
III/IV 132 53.7 (1.0) 58.8 (1.0) 50.5 (0.9) 50.5 (1.1) 50.0 (1.0) 36.7 (0.9) 43.5 (0.9) 49.7 (1.2)

NHL
Age 21-59 years

I/II 117 51.3 (1.0) 51.6 (1.2) 51.1 (1.0) 52.4 (1.1) 50.4 (1.0) 48.6 (1.0) 50.8 (1.0) 49.8 (1.2)
III/IV 94 53.0 (1.3) 52.2 (1.4) 50.7 (1.1) 51.2 (1.2) 49.7 (1.2) 47.0 (1.1) 50.0 (1.2) 47.6 (1.4)

Age 60-84 years
I/II 111 51.0 (1.1) 52.4 (0.9) 50.3 (0.9) 48.1 (1.0) 47.7 (1.0) 44.4 (1.1) 50.4 (1.1) 52.2 (1.1)
III/IV 121 52.3 (1.0) 52.5 (0.9) 49.8 (0.9) 49.3 (1.0) 49.5 (1.0) 43.4 (1.0) 49.9 (1.0) 52.5 (1.1)

Abbreviations: NHL, non-Hodgkin lymphoma; PROMIS, Patient-Reported Outcomes Measurement Information System.
*Higher score indicates higher symptom severity.
†Higher score indicates better function.
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