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Abstract

Background

Cancer incidence increases exponentially with advancing age, cancer patients live longer
than in the past, and many new treatments focus on stabilizing disease and health related
quality of life (HRQOL). The objective of this study is to examine how cancertsffec

patients’ HRQOL and whethetheir HRQOL is age-dependent.

Methods

Data from 25 European Organisation for Research and Treatment of Cancer (EORTC)
randomized controlled trials was pooled. EORTC QLQ-C30 mean scores for the cancer
cohort and five general population cohorts were compared to assess the impact of cancer
on patients HRQOL Within the cancer cohort, multiple linear regressions were used to
investigate the association between age and HRQOL, adjusted for gender, WHO
performance status (PS), distant metastasis and stratyfiednioer site. A difference of

10 points on the 0-100 scale was considered clinically important.

Results

Cancer patients generally have worse HRQOL compared to the general population, but
the specifically impaired HRQOL domains vary by age. When comparing the cancer

versus the general population cohort, role functioning is lower in all age categories.

Young cancer patients have worse financial problems and social functioning, while older

cancer patients have more appetite loss, constipation, and poorer emotional functioning.



Within the cancer cohort, HRQOL was worse with increasing age for physical, cognitive
functioning and constipation, and better with increasing age for social, role and emotional

functioning, insomnia and financial problems.

Conclusion

HRQOL is impaired in cancer patients compared to the general population, but the
impact on specific HRQOL domains varies by age. Within the cancer population, some
HRQOL components improve by age while others deteriorate. Optimal care for older

cancer patients should target HRQOL domains most relevant to this population.



Introduction

To improve the care of cancer patients, it is essential for health care professionals to
understand how the disease and its treatment affect qaneers’ health-related quality

of life (HRQOL). Health care professionals can incorporate HRQOL in shared decision
making to enhance patient managente®everal HRQOL questionnaires exist, including

the 30-item Quality of Life Questionnaire Core model developed by the European

Organization for Research and Treatment of Cancer (EORTC QLQ-C30

Reference values for the EORTC QLQ-C30 are calculated within certain general
populations and can be used for baseline HRQOL in cancer patients. These values are
based on population studies from Swéedene Netherlands Germany,® and Norwa$.

The data show how increasing age is associated with decreasing HRQOL for all
functioning scales. However the relationship is less clear for the symptoms scales. Within
cancer studies, patientsge has also been demonstraféd to be an important factor
contributing to HRQOL impairment. However the magnitudehis relationship is not

well established® !

Knowing that cancer occurs later in life, with nearly 80% of all cancers diagnosed among
individuals aged 55 and older, a clearer picture is needed regarding differential HRQOL
effects of cancer by age and possible therapies tailored to older cancer patients given their
HRQOL. It is well-known that elderly patients do not tolerate chemotherapy as well as

their younger counterparts and express a higher symptom burden, due to the higher



prevalence of comorbid conditions and organ failure. In addition, the biology of some
cancers changes with age, e.g. myeloid leukéfrsach that specific trials are needed for
the older age group. Further concerns relate to comorbidities and physiological changes

associated with aging that may influence anticancer drug metabolism and toXftity.

Above concerns raise the need for specific trials for the older age Gréup. The
availability of new molecularly targeted agents and newly improved existing agents has
expanded the range of treatments options available for elderly cancer pat®mise of

these agents have shown better tolerability and a better safety'pranfitemay therefore

provide new options for systemic therapy suitable to the elderly cancer population.

In this study, we investigated HRQOL in cancer patients compared to a population that
did not have cancer; and the impact of ageing on cancer-related HRQOL. The specific
objectives of this study were to examine 1) the HRQOL differences on the EORTC QLQ-

C30 HRQOL domains between cancer patients and the general population and 2) how

age influences the HRQOL of cancer patients, adjusted for known confounding factors.



M ethods

General Population Cohorts

For the general population cohort, five population samples were pooled derived from
Swedish, Dutct?, Germafi®, Norwegiarisurveys. All samples were representative to the
general population with regard to age and sex. All respondents completed the EORTC
QLQ-C30. The published unadjusted crude EORTC QLQ-C30 mean scores for specific
age and gender categories are used. Only those general population cohorts that could be

compared given their published age categories were included in the analysis.

Cancer Cohorts

For the cancer cohort, we pooled individual patient data from 25 closed phase 3
randomized controlled trials conducted by the EORDQr study included 10 cancer
sites: colorectal (three trials), lung (five), oesophageal (one), ovarian (two), prostate
(four), testicular (one), breast (three), head & neck (two), melanoma (three) and pancreas
(one). HRQOL was assessed as a secondary endpoint using the EORTC QLQ-C30.
Patients eligible for the study were those who had completed a valid baseline EORTC
questionnaire, using established EORTC guidelines. Baseline data reflect HRQOL
following diagnosis but prior to the beginning of protocol therapy. Patients may have had
prior treatment or therapies before entering the trial - some never had anti-cancer
treatment, others had prior surgery, and still others may have had multiple rounds of

palliative chemotherapy or radiotherapy before entering these trials.



The EORTC QLQ-C30 incorporates five functioning scales (physical, role, cognitive,
emotional and social functioning); three symptom scales (fatigue, pain, and nausea and
vomiting); and a global health scéfe. The remaining single items assess additional
symptoms commonly reported by cancer patients: dyspnoea, appetite loss, sleep
disturbance, constipation and diarrhoea, as well as the perceived financial impact of the
disease and treatment. For ease of statistical interpretation and psychometric validation,
all scale and item scores were linearly transformed to a 0 to 100 scale. For the five
functional scales and the global health scale, a higher score represents a better level of
functioning. For the symptom-oriented scales and items, a higher score corresponds to a

higher level of symptom burdéh.
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Statistical Analyses

To allow for comparison between the general population and cancer cohort, crude
unadjusted mean scores were calculated for three available age categories: <50-+years
70 years and >70 years. Comparison of the mean scores was performetudsing t-

test. The t-test has a two-sided significance level of 0.05. Differences of 10 points on the

0-100 scale are considered clinically important as suggested by &soba.

To assess the effect of age on the EORTC QLQ-C30 scores in the cancer cohort, multiple
linear regression models were used adjusted for gender, World Health Organization
(WHO) PS, distant metastases and stratified by cancer site. P&ias dichotomised
(0-1 versus 2-B representing “good” versus “bad” performance status. Distant metastasis
status was classifiednto ‘no’ versus ‘yes, according to the TNM classification

developed by the International Union Against Cariter.

The relationships were assessed thiapoint estimate (regression coefficient B) of the
mean of each HRQOL scale, its 95% confidence intervals (Cl), and the P-value of the

Wald X statistic. The two-sided level of significance was set at 0.05.
In addition, a second set of multiple linear regression models were assessed whereby age

was treated as a continuous variable. The models were supported by histograms to

investigate the relationship between age and the EORTC QLQ-C30 scores.

11



For those cancer sites with the highest number of observations, EORTC QLQ-C30 mean
scores adjusted for gender, WHO PS and distant metastasis were calculated for each

cancer site individuallysng multiple linear regression models.

All analyses were performed with SAS (version 9.1.3) and Stata 13.

12



Results

General Population Cohorts

Details for each population sample are shown in Table 1.

INSERT Table 1.

Cancer Cohorts

Valid baseline HRQOL data in the cancer cohort was available for 6,106 of the 8,201
(75%) patients who participated in the selected trials. We excluded further patients older
than 89 and younger than 18 cases from analysis dadote number of observations

(n<5) for each excluded age. The distribution of socio-demographic and clinical
characteristics foeachage group is reported in Table 2. The age of the analyzed cancer
patients ranged from 18-89 years with a mean of 54.47 years. The youngest age group
(<50) accounted for 33,2% (2,001/6,024) of the cancer cohort, the middle age group for
57,7% and the oldest age group for only 9,1 %. The age distribution differed across the
included cancer sites; as expected, 52.9% of the patients with melanoma were under the
age of 40 and 44% of the patients with prostate cancer were above the age of 70. For
4,486 of the 6,024 patients the country of residence was reported. Patients in the included
trials were selected from 34 countries. A total of 93% came from an EU country. The
remaining patients came from the U.S.A, New Zealand, Canada, South Africa and

Australia.

13



INSERT Table 2.

Comparison between cancer and population cohorts

The mean scores and standard deviations (SD) of the EORTC QLQ-C30 scores for the
cancer and general population cohorts are shown in Table 3. Role functioning was
statistically significant and clinically meaningfullg 10 difference) worse in the cancer
cohort, in all 3 age categories, and is not mentioned further below.

Within the youngest age category, cancer patients reported statistically significant worse
HRQOL for global health status, social and physical functioning and for the symptoms
nausea and vomiting, pain, insomnia, appetite loss, constipation and financial problems.
Only the differences regarding social functioning (78.79 vs. 91.04) and financial
problems (18.01 vs. 5.52) were clinically meaningful

Within the middle age category, cancer patients reported statistically significant worse
HRQOL for global health status, social, physical functioning and for the symptoms
fatigue, nausea/vomiting, appetite loss and constipation. Only appetite loss (18.71 vs
4.92) was clinically meaningful.

For the oldest age category, cancer patients reported statistically significasd wor
HRQOL for emotional functioning, nausea/vomiting, constipation and appetite loss. Only
the differences with respect to emotional functioning (81.93-71.23), appetite loss (25.69-

8.65) and constipation (23.85-12.38) were clinically meaningful.

INSERT Table 3.
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Multiple Linear Regression Models

The results of the linear regression models with age as a categorical variable are reported
in Table 4. The table reports the regien coefficients (), CI and P-value for the models
assessing the association between the EORTC QLQ-C30 scores and age categories
adjused for gender, WHOPS metastatic status. Cancer patients reported a statistically
significanty worse HRQOL with increasing age for physical and cognitive functioning
and constipation. Cancer patients reported a statlgtis@nificant better HRQOL with
increasing age for social, role and emotional functioning and the symptoms insomnia and

financial problems.

Men compared to women reported statistically significant HRQOL impairment for all the
functional scales and fatigue, nausea and vomiting, insomnia, appetite loss and
constipation, however none were clinical meaningful (data not shown). For all the
EORTC QLQ-C30 scores, cancer patients with a poor WHO PS reported a significant
deterioration in HRQOL. For global health status, social, physical and role functioning
and appetite loss the difference was higher than 10 points. Distant metastasis has a
statistical significant negative impact on HRQOL, except for emotional functioning and

financial problems, however none were clinical meaningful.

INSERT Table 4.
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Within the cancer cohort, we plotted the average means scores for the EORTC3QLQ-
scales against age as a continuous variable (see Figure 1. and 2. online only). The plots

demonstrate the linear relationship between HRQOL with increasing age.

Table 5 reports the regi&gon coefficients (B), CI and P-value for the models assessing

the association between the EORTC QLQ-C30 scores and age as continuous variable
adjused for gender, WHOPS metastatic status and stratified by cancer site. Cancer
patients reported a statistically significant worse HRQOL with increasing age for physical
and cognitive functioning and constipation. Cancer patients reported a statistical
significant better HRQOL with increasing age for social, role and emotional functioning

and financial problems.

Women and men reported statistically significant HRQOL impairment except for role
functioning, pain, dyspnea and diarrhea however none were clinical meaningful. For all
the EORTC QLQ-C30 scores, cancer patients with a poor WHO PS reported a significant
deterioration in HRQOL. For global health status, social, physical and role functioning,
pain and appetite loss the difference was higher than 10 points. Distant metastasis has a
statistical significant negative impact on HRQOL, except for emotional functioning and

financial problems, however none of them were clinical meaningful.

INSERT Tableb.
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Our data also allows for comparison between different cancer groups, after adjusting for
gender, WHO PS and distant metastasis. Table 6 shows the mean scores for the three
most prevalent cancer sites in our database; melanoma (2,112 patients), colorectal (1,141
patients) and lung cancer (940 patients). HRQOL burden changed with age for each
cancer site, but the magnitude and size differed between cancer sites. Statistically
significant HRQOL worsening by age group was seen in the melanoma cohort for seven
subscales, in the colorectal cohort for three subscales. Within the lung cancer group, only
the scale financial problems was statistically and clinically (25.60 vs. 12.68) significant
different between the age groups, whereby financial problems were worse in younger

patients.

INSERT Table6.
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Discussion

Our study shows that cancer patients generally have worse HRQOL compared to the
general population, but the specifically impaired HRQOL domains vary by age. When
comparing the cancer versus the general population cohort, role functioning is lower in
all age categories. Young cancer patients have worse financial problems and social
functioning, while older cancer patients have more appetite loss, constipation, and poorer
emotional functioning. Within the cancer cohort, after adjusting for confounding
variables, HRQOL was worse with increasing age for physical and cognitive functioning,
and constipation, and better with increasing age for social, role and emotional
functioning, insomnia and financial problems. Overall, our modelling supports the
general findings that the impact of ageing on the QLQ-C30 scale scores follows a linear
relationship. Our study confirms previous stutfié¥® that the health status of a cancer
patient is influenced by not only age, but also by disease stage, gender and WHO

performance status.

Within the cancer cohort, HRQOL differences by age do not appear to be clinical
relevant. Snébohm et &l. mentioned that younger people experience their cancer
differently than older cancer patients due to a lack of previous experience of severe
illness. Previous studi®€® have revealed that it is easier for older people to accept
physical decrements. For the younger people, any reduce in physical activity aue to
chronic illness is perceived far more negatively. This might also explain why the elderly

score higher on some of the functioning scales. In addition, not being able for younger

18



cancer patients to fulfil the social expectations causes a sense of disappointment and loss,
resulting in a poorer HRQOL. A paper published by Krok e auggests that older
patients have more effective coping mechanisms to help them manage their pain. This
might explain why pain scores are higher for the younger patients compared to the eldest
group, however the younger age group had more patients with metastatic cancer, found to

be significantly associated with HRQOL impairment in our study (models not shown).

A limitation of this study is that we did not have detailed data on general health/frailty
status as measured by a geriatric assessment in the older population, and no information
on comorbidity in either cohort. Frailty is a crucial aspect of older persons, with major
impact on HRQOL and outcome. Several guidelines indicate the need for systematic
geriatric evaluation in older cancer patietit¥ Increasing age is associated with
comorbidity, which has a negative impact on HRG®kspecially in cancer patients>
However, comorbidity is frequently an exclusion factor in randomized controlled Irials.

is likely that the elderly in the cancer cohort reported here have a better overall health
status than their counterparts in the general population cohort. Another limitation is that
our general population cohorts are based on a selected population from specific countries
and therefore not necessary matching a non-cancer population or a wider population as
the right reference group for our cancer cohorts. Also within the cancer cohorts, our data
is limited to a selection of cancer trials with their own selection and eligibility criteria and
therefore not necessarily representative for all cancer trials. Our cancer specific models
demonstrate that the HRQOL outcomes can be very depending on the cancer group, but

most likely this is driven by the selected trials for each group with each their own specific
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in- and exclusion criteria. Although our models were stratified for cancer site to account
for these between cancer differences, there is still a chance that the HRQOL differences

are related to selected cancer groups and trials.

The content validity of the EORTC QLQ-C30 for an elderly population could be open to
debate. The EORTC Quality of Life Elderly Task Fdfcand the EORTC Quality of
Life Group developed new HRQOL questionnaire for elderly cancer patients given that
the EORTC-QLQE30 was developed using data from generally younger patients. A
systematic literature review by Fitzsimmons et’auggests that the concerns of older
patients differ from those of younger patienss specific module may be needed to

capture the needs and concerns most relevant to them.

Our results suggest that treatment decisions should also include HE@Ddirently,

many elderly patients are excluded from certain treatments because of their age or by
stringent physical conditions. However, judgment of fithess for treatment would ideally
incorporate a patient’s HRQOL?® and coping mechanism, rather than age or performance
status (PS) alone as demonstrated in this study. Available evidence stiggasedderly
patients can derive similar survival benefits from aggressive treatments as younger
patients. A systematic assessment of HRQOL at baseline may allow physicians to select

appropriate elderly patients and reduce underutilization of aggressive treatments.

By demonstrating the age-related differences in HRQOL, even among a highly selected

group of elderly patients included in clinical trials (those likely to have minimal
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comorbidity), this study supports the need to include the elderly in clinical trials where
accurate measurement of HRQOL is a focus. Trials of lower-toxicity treatment strategies,
or of low risk supportive care interventions, could be designed specifically for older
patients where the focus is not efficacy, but maintaining active life expectancy; the
average number of years of life remaining in an independent state free from
significant disability’™ ** Biologic agents with less toxic effects, focused on stabilization

of disease, may be tailor-made for the elderly. Delay of disease progression should be
combined with a proper HRQOL assessment to determine the overall benefit of such a
drug. Another option might be to enroll older patients in smaller “sub-trials” within

bigger trials or to design end points specifically for older patients, which could include
HRQOL endpoints such as physical functioning which are equally important for the
elderly than extending survivil.However more longitudinal and observational studies,

with no stringent inclusion criteria, are needed to confirm these statements.

The inclusion of HRQOL endpoints can also lead to shared decision making by
physicians and patient3. Thisis also acknowledged by EORTC elderly task force, the

US Food and Drug Administration in its Guideline for the Study of Drugs Likely to Be
Used in the Elderf{ and in the mission statement of the Cancer and Aging Research
Group in collaboration with the National Cancer Instiftitds expected, many sources

are now showing that cancer is becoming a chronic disease and a disease something for
the elderly. Our evidence shows support for the many health needs these patients have
and society needs to take urgent action to assure that these growing number of patients

receive their health needs.

21



Author’s Disclosures of Potential Conflicts of Interests

The authors declared no conflicts of interest

Acknowledgement:

This work was funded by an unrestricted academic grant from the Pfizer Foundation,
administered through the King Baudouin Foundation, for the EORTC PROBE group. We
thank the EORTC Headquarters, EORTC Clinical Groups and all the Principal
Investigators who helped us better understand the needs of cancer patients, which will

ultimately lead to better patient care. And a very special thanks to all patients who

participated in these trials.

22



References

! Neeraj KA, Weaver KE, Clayman ML, et &hysicians’ Decision-making Style and
Psychosocial Outcomes Among Cancer Survivors. Patient Education and Counseling 77
404-214, 2009

% Derogar M, Van der schaaf M, Lagergren P: Reference values for the EORTC QLQ-
C30 guality of life questionnaire in a random sample of the Swedish populati@n. Act
Oncologica 51: 10-16, 2012

3 van de Poll-Franse LV, Mold F, Gundy C, et al: Normative data for the EORTC QLQ-
C30 and EORTC-sexualtiy items in the general Dutch population. European Journal of
Cancer 47: 667-675, 2011

“Schwarz R, Hinz A: Reference data for the quality of life questionnaire EORTC QLQ-
C30 in the general German population. European Journal of Cancer 37: 1345-1351, 2001.
®>Waldmann A, Schubert D, Katalinic A: Normative Data of the EORTC QLQ-C30 For
the German Population: A Population-based Survey. Plos One 8: €74149, 2013

® Hjermstad M, Fayers P, Bjordal K, et al: Health Related Quality of Life in the General
Norwegian Population Assessed by the European Organization for Research and
Treatment of Cancer Core Quality-of-Life Questionnaire: The QLQ-C30 (+3). Journal of
Clinical Oncology 16: 1188-1196, 1998

" Pinkawa M, Fischedick K, Gagel B, et al: Impact of age and comorbidities on health-
related quality of life for patients with prostate cancer: evaluation before a curative

treatment. BMC Carar 9: 296, 2009

23



8 Else M, Smith AG, Cock K, et aPatients’ experience of chronic lymphocytic

leukemia: baseline health-related quality of life results from the LRF CLL4 trial. British
Journal of Hematology 143: 690-697, 2008

° Bantema-Joppe EJ, de Bock GH, Woltman-van lersel M, et al.: The impact of age on
changes in quality of life among breat cancer suvivors treated with breast-conserving
surgery and radiotherepay. British Journal of Cancer 112: 636-643, 2015

9 Schroevers MJ, Ranchor AV, Sanderman R: The role of age at the onset of cancer in
relation to survivors’ long-term adjutmetn: a controlled comparison over an eight-year
period. Psychooncology 13: 740-752, 2004

1 Schroevers M, Ranchor AV, Sanderman R: Adjustment to cancer in the 8 years
following diagnosis: a longitudinal study comparing cancer survivors with healthy
individuals. Social Science Medicine 63: 598-610, 2006

12 Appelbaum FR, Gundacker H, Head DR, et al: Age and acute myeloid leukemia. Blood
107: 3481-3485, 2006

13 wildiers H, Highley M, de Bruijn E, et al: Pharmacology of anticancer drugs in the
elderly population. Clinical pharmacokinetics 42: 1213-1242, 2003

4 Lichtman S, Wildiers H, Chatelut E, et al: International Society of Geriatric Oncology
taskforce: Evaluation of chemotherapy in older patieis analysis of the medical
literature. Journal of Clinical Oncology 25: 1832-1843, 2007

15> pallis A, Fortpied C, Wedding U, et al: EORTC elderly task force position paper:

Approach to the older cancer patient. European Journal of Cancer 46: 1502-1513, 2010

24



18 pallis A, Ring A, Fortpied C, et al: EORTC workshop on clinical trial methodology in
older individuals with a diagnosis of solid tumors. Annals of Oncology 22; 1922-1926,
2011

7 wildiers H, Mauer M, Pallis A, et al: End points and trial design in geriatric oncology
research: a joint European Organisation for research and treatment of cancer-alliance for
clinical trials in oncology-international society of geriatric oncology position article.
Journal of Clinical Oncology 31: 3711-3718, 2013

18 Gerardo R, Domenico B, Zheng S, et al: Role of chemotherapy and novel biological
agents in the treatment of elderly patients with colorectal cancer. World Journal of
Gastroenterology 14: 1812, 2008

9 Rossi A, Maione P, Del Gaizo F, et al:Targeted therapies in the treatment of advanced
Non-Small-Cell Lung Cancer elderly patients. Cancer Therapy 5: 227-238, 2007

20 paronson NK, Ahmedzai S, Bergman B, et al: The European Organization for
Research and Treatment of Cancer QLQ-C30: A Quafitife instrument for Use in
International Clinical Trials in Oncology. Journal of National Cancer Institute 85: 365-
367, 1993

2L Fayers P, Aaronson N, Bjordal K, et al: EORTC QLQ-C30 Scoring Manual, EORTC
Quality of Life Group ' edition EORTC, Brussels, Belgium.

22 Osoba D, Rodrigues G, Myles J, et al: Interpreting the significance of changes in
health-related quality-of-life scores. Journal of Clinical Oncology 16: 139-144, 1998

23 Sobin L, Gospodarowicz M, Wittekind C: TNM Classification of Malignant Tumors.
7th edition International Union Against Cancer, Wiley, New York, United States of

America 2009.

25



4 Heutte N, Flechtner HH, Mounier N, et al: Quality of life after successful treatment of
earlystage Hodgkin’s lymphoma: 10-year follow-up of the EORTC-GELA H8

randomised controlled trial. Lancet Oncology 10: 1160-1170, 2009

% Lee MT, Gibson S, Hilari K: Gender differences in health-related quality of life
following total laryngectomy. International Journal of Language & Communication
Disorders 45: 297-294, 2010

%6 Silveira AP, Concalves J, Sequeira T, et al: Geriatric oncology: comparing health
related quality of life in head and neck cancer patients. Head Neck Oncology32811

2 Snébohm C, Heiwe S: Stressors, Coping And Coping Strategies among Young Adults,,
with Cancer. World Journal of Psycho-Social Oncology 3: 15-28, 2013

8 Ubel PA, Jankovi A, Smith D, et al: What is perfect health to an 85-year old?

Evidence for scale recalibration in subjective health ratings. Medical Care 43: 1054-1057,
2005

29 Piazza JR, Charles ST, Ameida DM: Living with chronic health conditions: age
differences in affective well-being. The Journals of Gerontology Series B: Psychological
Sciences and Social Sciences 62: 313-321, 2007

%0 Krok JL, Baker A, McMillan C: Age differences in the Presence of Pain and
Psychological Distress in Younger and Older Cancer Patients. Journal of Hospice and
Palliative Nursing 15: 107-113, 2013

L wilders H, Kenis C: Comprehensive geriatric assessment (CGA) in older oncology

patients: Why and how? Journal of Geriatric Oncology 3: 174-176, 2012

26



32 wildiers H, Pallis A, Wedding U, et al: Questionnaires and instruments for a
multidimensional assessment of the older cancer patient: what clinicians need to know?
European Journal of Cancer 46: 1019-1025, 2010

33 Michelson H, Bolund C, Nilsson B, et al: Health related quality of life measured by the
EORTC QLQ-C30- reference values from a large sample of Swedish population. Acta
Oncology 39: 477-484, 2000

% Piccirillo JF, Tierney RM, Costas |, et al: Prognostic Importance of Comorbidity in a
Hospital-Based Cancer Registry. Journal of the American Medical Association 291
2441-2447, 2004

% Bellizzi MK, Rowland JH: Role of comorbidity, symptoms and age in the health of
older survivors following treatment for cancer. Aging Health 3: 625-635, 2007

% Wheelwright S, Darlington AS, Fitzsimmons D, et al: International validation of the
EORTC QLQ-ELD14 questionnaire for assessment of health-related quality of life of
elderly patients with cancer. British Journal of Cancer 109: 852-858, 2013

3" Fitzsimmons D, Gilbert J, Howse F, et al: A systematic review of the use and
validation of health-related quality of life instruments in older cancer patients. European
Journal of Cancer 45: 19-32, 2009

38 Biganzoli L, Wildiers H, Oakman C, et al: Management of elderly patients with breast
cancer: updated recommendations of the International Society of Geriatric Oncology
(SIOG) and European Society of Breast Cancer Specialists (EUSOMA). Lancet

Oncology 13: €148-e160, 2012

27



39 Phelan EA, Anderson LA, LaCroix AZ, et @ider adults’ views of “successful aging”

— howdo they compare with researcher’s definitions? Journal of the American Geriatrics
Society 52: 211-216, 2004

0 Chen RC, Royce TJ, Extermann M, et al: Impact of age and comorbidity on treatment
and outcomes in elderly cancer patients. Seminars in radiation oncology 22: 265-271,
2012

“! Hurria A, Dale W, Mooney M, et al: Designing Therapeutic Clinical Trials for Older
and Frail Adults With Cancer: U13 Conference Recommendations. Journal of Clinical

Oncology 2014.

2 Segen’s Medical Dictionary, 2012 Farlex. [http://medical-

dictionary.thefreedictionary.com/Active+Life+Expectapcy.

“*Hurria A, Cohen HJ, Extermann M: Geriatric Oncology Research in the Cooperative
Groups: A Report of a SIOG Special Meeting. Journal of Geriatric Oncology 1: 40-44,
2010

44 Center for the Study of Drugs Likely to Be Used in the Elderly: Guideline for the Study
of Drugs Likely to Be Used in the Elderly. Washington, DC, US Department of Health

and Human Services, 1989.

4> Cancer and Aging Research Grdup. http://www.mycard.org/.

28


http://medical-dictionary.thefreedictionary.com/Active+Life+Expectancy
http://medical-dictionary.thefreedictionary.com/Active+Life+Expectancy
http://www.mycarg.org/

29



TABLES

Table 1. Distribution (N=actual numbers; % =per centage) of age and gender for thefive general population cohorts.

Variables Norwegian cohort | German cohort | German cohort Dutch cohort Swedish cohort
N=1,965 N=2,208 N=4,684 N=1,731 N=4,910
Age (years)
Mean (Min-Max) | 47.4(19-93) | 49.4(16-92) | 51.8(NA* | 5290(NA) | 65 (40-49)
Age (categories)
<50 1,100 (56%) 1,014 (50%) 2,112 (45%) 690 (40%) 410 (8%)
<=50 and <=70 550 (28%) 730 (36%) 1,539 (33%) 766 (44%0) 2,615 (53%)
>70 315 (16%) 284 (14%) 1,033 (22%) 275 (16%) 1,903 (39%)
Men 1,022 (52%) 892 (44%) 2,050 (44%) 935 (54%) 3,224 (66%)

*NA=Not available
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Table 2. Distribution (N=actual numbers; % =per centage) of socio-demographic and clinical variablesin the cancer cohort for
the three age categories: <50; 50-70; >70.

. Age <50 Age <=50 and Age<=70 Age>T70
Variables Category N=2,001 N=3,476 N=547
Perfor mance Status
WHO 0-1 1,704 (85.2%) 3,130 (90.0%) 443 (80.9%)
WHO 2-3 55 (2.7%) 242 (7.0%) 96 (17.6%)
Unknown 242 (12.1%) 104 (3.0%) 8 (1.5%)
Distant M etastases
Yes 1,377 (68.8%) 1,868 (53.7%) 120 (21.9%)
No 338 (16.9%) 1,370 (39.4%) 402 (73.5%)
Unknown 286 (14.3%) 238 (6.9%) 25 (4.6%)
Gender
Female 1,118 (55.9%) 2,243 (64.5%) 426 (77.9%)
Male 883 (44.1%) 1,231 (35.4%) 121 (22.1%)
Unknown 0 (0.0%) 2 (0.1%) 0 (0.0%)
Cancer site
Colorectal 174 (8.70%) 807 (23.22% 160 (29.25%)
Lung 210 (10.49%) 676 (19.45%) 54 (9.87%)
Esophageal 14 (0.70%) 44 (1.27%) 7 (1.28%)
Ovarian 48 (2.40%) 140 (4.03%) 14 (2.56%)
Prostate 11 (0.55%) 290 (8.34%) 224 (40.95%)
Testicular 223 (11.14%) 10 (0.29%) 0 (0.0%)
Breast 160 (8.00%) 145 (4.17%) 16 (2.93%)
Head & Neck 94 (4.70%) 278 (8.0%) 21 (3.84%)
Melanoma 1,059 (52.9%) 1,010 (29.06%) 43 (7.86%)
Pancreas 8 (0.40%) 76 (2.19%) 8 (1.46%)




Table 3. EORTC QL Q-C30 unadjusted mean scoresfor the cancer and the general population cohort for thethree age

categories <50; 50-70; >70.
Observed Mean Scores
Age< 50 Age <=50 and Age<=70 Age>T70
General
Cancer Genera_l Cancer Genera_l Cancer Populati
Populatio Populatio
cohort cohort cohort on
n cohort | P-value n cohort | P-value cohort P-value
Mean Mean Mean Mean
Mean (SD Mean (SD
D) | (sp) D) | (sp) (D) | (sD)
EORTC QL Q-C30 Functioning Scalest
Global Health  66.20 75.41 61.77 7172 5741 | 6625
Status 21.99) | (3.48) | 9993 | o319y | 571) | 90| (2313) | (9.12) | 00861
Social 78.69 91.04 77.68 87.47 78.90 | 83.83
Functioning | (25.31) | (436) | 099%%| (2783 | (535 | %0 | 611) | (7.79) | 92
Physical 85.76 94.42 78.72 87.2 6853 | 74.99
Functioning | (20.60) | (1.75) | 9999%| (2a19) | @18) | %004 | (o7.03) | (6.59) | 208
Role 7135 o184 69.73 85.73 6542 | 77.02
Functioning | (31.19) | (3.99) | %0003 | 3045y | (556) | %003L| (3491) | (g9g) | 004
Emotional 72.15 79.23 70.45 80.14 7131 | 8193
Functioning | (22.85) | (858) | 0444 (2360) | (822) | 20984 (o360) | (811) | 0040
Cognitive 88.91 90.24 87.10 88.20 8353 | 82.87
Functioning | (17.54) | (441) | 99374 (1859) | (3.33) | %°092| (2005 | (a63) | 0840
EORTC QL Q-C30 Symptom Scalest
. 26.81 21.34 32.03 2281 39.44 | 3051
Fatigue 2427y | (9.00) | 92°39| (2685 | (6.65) | 20304 (2752) | (g.98) | 00997
Nausea/Vomi|  5.31 3.54 6.86 3.10 9.45 4.25
ting (13.88) | (0.96) | 09104 1644y | @11) | O00%8| (1927) | (1.42) | 00016
. 23.76 14.80 27.24 23.1 3226 | 2862
Pain 26.41) | (575) | 9920 2041y | 6.03) | 09| (061) | (9.67) | 9%
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ovrea | 158 | 824 o %9 | 22 oo 230 | 22 [ aoms
e | E53 | 58 o] 35 | 53 o] B85 53 | osws
Appetite loss ég:gg) (g:gg) 0.0048 (%323) (g'.%zl) 0.0001 (gig%) (?1'.?155) 0.0011
Constipation (28(')?5’5) (gzig) 0.0225 (5222471) (gzgé) 0.0053 (gi'_%g) (152;”% 0.0094
Diarrhea (1%?517) (g:ﬁ) 0.9741 (167'?811) (gigg) 0.7592 (fé.?g) (SIZS) 0.4557
Elrr;%ﬁgﬁg (%g'.%%) (52572) 0.0005 éé:gg) (ifgg) 0.1473 (179?583) (3112) 0.7202

tHigher scores indicate better functioning and Global Health Status +Higher scores indicate more symptoms

Bold valuesindicate statistically significant, and clinically meaningful differences between cancer and general population for
each age category

QL Q-C30=the European Organisation for Research and Treatment of Cancer quality-of-life core questionnaire



Table 4. Multiplelinear regression modelsin the cancer cohort reporting the regression coefficients (§), CI and p-valuefor the
fifteen models assessing the association between the EORTC QL Q-C30 scores and three age categories (<50; 50-70; >70)
adjusted for gender, WHO PS, metastatic status stratified by cancer site.

Age group . .
Variables (<50;<=50 and <=70; Gender WHO PS Distant metastasis
>70 (men vs women) (good vs poor) (no vsyes)
p* ' B ' B : p .
(Cly** P-value 1) P-value (1) P-value (1) P-value
EORTC QL Q-C30 Functioning Scalesi
Global Health 20.03 4.2 110.93 1.85
Status -2.24:1.63) | 277 | (5.19:2.86)| 0 | (11.009.96) <0001 | (3.07;-0.64)| 0003
Social 6.84 255 114 3.13
Functioning (438-930) | 0001 | (398 113)| <0001 | 1550, 1001y <0001 | (467,165 | <0-001
Physical 437 3.58 -13.84 562
Functioning (-6.28:-2.46)| <0001 | 4 735 43) <0001 | 1480, 1288) <0001 | (682.:4.43)| <0-001
Role 2.86 2.04 15.13 3.19
Functioning 0.0755.65)| 999% | (371037 %0 | (16521373 <0001 | (493:..1.44y| <0001
Emotional 3.18 567 5.64 0.07
Functioning (1.03533) | 000 | (592443 <000l | (ggg.ap1y| <0001 | (137.100) 0914
Cognitive -1.72 -3.06 -5.997 -1.46
Functioning (-342::002)| 9047 | (a05.-208)| <0001 | (580.515 | <000 | (5 49044y 0005
EORTC QL Q-C30 Symptom Scales
| 0.84 5.08 13.61 5.33
Fatigue (-1.30:2.99) | %% | 3.79:6.38) | <09 | 12531469) <0001 | (390:6.67) | <0001
- 017 251 5.49 252
Nausea/Vomiting (-1.54:1.19) 0.802 (1.69:3.33) <0.001 (4.81:6.17) <0.001 (1.66:3.37) <0.001
. 1.65 0.11 15.53 5.31
Pain (-4.06:0.75) | 917 | (133155 | 081 | (14321673)| <0001 | (380681 | <0001
Dyspnoea 1.91 0.076 -0.08 0.894 7.65 <0.001 -2.93 <0.001
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(-0.20:4.03) (-1.36:1.18) (6.59:8.72) (-4.25:-1.60)
. 4.15 273 8.86 3.06
Insomnia (6.88:-1.43) 999 | (1091436 | %99 | (7.49:1022) | C | (136:4.77) | <0O%
. 0.26 3.61 13.93 4.48
Appetite loss -2.11:265) | 98 | 218505) | 0001 | (1273.1512)| <0001 | (5 99:597) | <0001
— 5.62 1.97 7.67 6.88
Constipation (3.36:-7.88) <0.001 (0.62:3.33) 0.004 (6.54:8.80) <0.001 (5.47:8.30) <0.001
. 20.41 -0.78 0.81 1.32
Diarhoea -1.97:1.13) | 991 | (172:015)| 0098 ©003:1.59) | 9941 | (035229 | 0-008
Financial -8.64 -0.95 4.22 -0.24
Problems (-11.00:6.19)] <000 | 538047y 0188 | (303541) | OO0 | (173104 | 0749

*B = Regression coefficient ** Cl = Confidence Intervals
tHigher scores indicate better functioning and Global Health Status {Higher scores indicate more symptoms

QL Q-C30=the European Organisation for Research and Treatment of Cancer quality-of-life core questionnaire
Bold valuesindicate significantly worse HRQOL componentswith increasing age
Italic valuesindicate significantly better HRQOL componentswith increasing age
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Table 5. Multiplelinear regression models reporting the regression coefficients (B), CI and p-valuefor the fifteen models
assessing the association between the EORTC QL Q-C30 scores and age adjusted for gender, WHO PS, metastatic status
stratified by cancer site

Agegroup , .
Variables (<50;<=50 and <=70: Gender WHO PS Distant metastasis
~70 (men vs women) (good vs poor) (no vsyes)
B* B B B P-
(Cl)** P-value 1) P-value 1) P-value ) value
EORTC QL Q-C30 Functioning Scalest
Global Health -0.02 -4.12 -10.87 -1.77
Status (-0.07:0.019) %38 | (529:.2.05)| <0001 | 1184..989)| <0001 | (g9, 056)| 0004
Social 0.019 -2.25 -11.51 -3.28
Functioning 0.13-0.25) | <0001 | 568 082)| 0002 | (1268-10.32) <0001 | (477::1.79)| <0001
Physical -0.14 -3.85 -13.72 -5.46
Functioning -0.19:-0.09)] <091 | (501.270)] <000 | 1468-12.76) <000 | (6.65:-4.06)| <0001
Role 0.18 147 1551 3.65
Functioning ©0.12:025) | <0001 | (315021)| 9087 |(46.01:-14.12) 0001 | (539:.1.90)| <0001
Emotional 0.04 -5.72 -5.55 0.018
Functioning -0.01:0.09)| %11 | (6.97:-a.46)| <000 | (560, 451) | <0001 | (428130 | 0978
Cognitive -0.06 -3.19 -5.9 -1.38
Functioning -010:-0.02)) 9992 | (418.221)| 001 | (g72.507) | <0001 | (540035 | 0-008
EORTC QL Q-C30 Symptom Scalest
. 20.01 5.02 13.68 5.4
Fatigue -0.05:0.05)| 9973 | 372:6.32) | <000 | (1560:14.76)| <0001 | (4.056.75) | <0001
- 20.01 2.49 55 253
Nausea/Vomiting (-0.04:0.02) 656 (1.66:3.32) <0.001 (4.82:6.18) <0.001 (1.68:3.39) <0.001
. 20.02 0.12 15.48 5.27
Pain -0.08:0.03)| %% | (133158 | 987 | (14271669) <0001 | (3766.78) | <0001
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0.04 0.04 7.66 2.93
Dyspnoea -0.01:0.09)| 04 | (1.321.24)| 0947 6.60:8.73) | <0001 | 4 6..1.60) <0-00%
Insomnia (_0'8'693 05 0983 | 3?69267) <0001 | fésggz) <0.001 | ol 45)| 0.002
Appetite loss (_0_%'2?6_09) 0.264 (2.235'9;7;.18) <0.001 (12_%52‘;811_0 p| <0001 (2;{3;35?87) <0.001
— 0.21 2.46 7.39 6.54
Constipation (0.16:0.27) <0.001 (1.11:3.83) <0.001 (6.27:8.53) <0.001 (5.13:7.96) <0.001
. 20.02 0.88 87 1.39
Diarhoea -0.06:0.01)| 2136 | (4a82006)| 209 | (009165 | 20?8 | (042237 | 0005
Financial 037 1.82 475 0.39
Problems -043:-031)] 091 | (324041 012 357:5.03) | <0001 | (408186 | 0604

*Regression coefficient ** Confidence Intervals

tHigher scores indicate better functioning and Global Health Status tHigher scores indicate more symptoms
QL Q-C30=the European Organisation for Research and Treatment of Cancer quality-of-life core questionnaire
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Table 6. Multiplelinear regression models reporting mean scor es by age categories (<50; 50-70; >70) for the EORTC QL Q-
C30 scores adjusted for gender, WHO PS, metastatic status for the cancer groups melanoma, colorectal and lung.

Adjusted Mean Scores Adjusted Mean Scores Adjusted Mean Scores
Populations M elanoma Cancer Colorectal Cancer L ung Cancer
(N=2,112) (N=1,141) (N=940)
Age
Age P- Age P- - P-
ﬁ‘gg <=50 Age | Vaue | Age <=50 '3“7518 Value | Age <a_nilo Age | Value
N= and Age >70 <50 and Age N=16 <50 Age >70
_ <=70 N=43 N=174 <=70 - N=210 _g N=54
1059 1 N=1010 N=g07 | O =70
. . N=676
EORTC QL Q-C30 Functioning Scalest
Global Health Statud 55.04 54.50 58.12 | 0.439 | 49.68 53.10 | 52.92| 0.191 | 52.50 | 50.96 | 52.79| 0.668
Social Functioning 72.28 74.51 80.89 | 0.011 61.43 67.47 72.81| 0.002 62.73 | 65.63 | 70.63| 0.226
Physical Functioning 76.03 73.54 73.23 | 0.006 64.61 66.48 63.34| 0.258 63.42 | 62.57 | 57.97| 0.372
Role Functioning 67.19 70.86 76.46 | 0.009 53.48 57.59 58.10| 0.297 55.77 | 53.73 | 44.43| 0.109
Emotional 7373 | 7369 | 78.36 | 0.385 | 60.14 | 63.41 | 63.48| 0.269 | 62.88 | 61.29 | 63.77| 0.648
Functioning
Cognitive
. 94.61 93.95 90.44 | 0.176 | 80.75 80.65 | 78.94| 0.594 | 82.99 | 82.63 | 82.39| 0.973
Functioning
EORTC QL Q-C30 Symptom Scalest
Fatigue 45.76 45.75 | 46.40| 0.567 48.05 46.76 | 47.06| 0.854 | 46.68 | 46.17 | 51.20| 0.457
Nausea/Vomiting 10.14 9.49 13.25( 0.017 16.58 13.58 12.54 | 0.061 12.45 11.99 | 9.10 | 0.463
Pain 44.70 4415 | 41.30| 0.598 41.35 34.65 28.54| 0.001 | 4491 | 4249 | 38.25| 0.384
Dyspnoea 20.11 20.95 21.12| 0.478 24.34 20.20 21.24| 0.167 | 38.59 | 38.57 | 50.94| 0.031
Insomnia 45.33 47.36 | 44.37| 0.212 41.48 3556 | 33.80| 0.063 | 37.94 | 36.02 | 34.72| 0.757
Appetite loss 54.12 53.71 | 64.19| 0.001 34.61 33.83 | 36.55( 0.597 | 34.39 | 35.86 | 30.58| 0.539
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Constipation 4.36 6.91 454 0.007 20.56 19.11 24.08| 0.140 16.54 18.24 | 21.27| 0.488
Diarhoea 412 2.86 4.27 0.077 14.01 11.75 8.23 0.085 5.53 5.18 4.39 0.904
Financial Problems| 7.96 2.78 0.35 <.001 22.87 15.35 10.88 | <.001 25.60 19.35 | 12.68 | 0.006

tHigher scores indicate better functioning and Global Health Status tHigher scores indicate more symptoms

QL Q-C30=the European Organisation for Research and Treatment of Cancer quality-of-life core questionnaire
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Figures

Figure 1. Mean EORTC QL Q-C30 scores across age for the functioning scales (online only)
Legend: Higher scoresindicate better functioning and Global Health Status
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Figure 2. Mean EORTC QL Q-C30 scores across age for the symptom scales (online only)
Legend: Higher scoresindicate more symptoms
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