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Abstract

Background—Childhood cancer survivors are at risk for emotional distress symptoms, but 

symptom comorbidity has not been previously examined. We examined distress profiles in adult 

survivors of childhood cancer diagnosed between 1970 and 1999.

Methods—Self-reported depression, anxiety, and somatization symptoms from the Brief 

Symptom Inventory-18 were examined in survivors (N=16,079) and siblings (N=3,085) from the 

Childhood Cancer Survivor Study. Latent profile analysis identified clusters of survivors with 

individual and comorbid symptoms. Disease, treatment and demographic predictors of distress 

comorbidity patterns were examined using multinomial logistic regressions.

Results—Four clinically relevant profiles were identified: low distress on all subscales 

(asymptomatic, 62%); high distress on all subscales (comorbid distress, 11%); elevated 

somatization (somatic symptoms, 13%); elevated depression and anxiety (affective distress, 14%). 

Compared to siblings, fewer survivors were asymptomatic (62% v. 74%, p<0.0001) and more had 

comorbid distress (11% v. 5%, p<0.0001). Survivors of leukemia (OR 1.34, 95%CI 1.12–1.61), 

CNS tumor (OR 1.30, 95%CI 1.05–1.61), and sarcoma (OR 1.26, 95%CI 1.01–1.57) had higher 

comorbid distress risk than solid tumor survivors. Psychoactive medications were associated with 

comorbid distress (p’s< 0.0001), suggesting this group was refractory to traditional medical 

management. Comorbid distress was associated with poor perceived health (OR 31.7, 95%CI 

23.1–43.3); headaches (OR 3.2, 95%CI 2.8–3.7) and bodily pain (OR 4.0, 95%CI 3.2–5.0).
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Conclusion—A significant proportion of survivors are at risk for comorbid distress, which may 

require extensive treatment approaches beyond those utilized for individual symptoms.

Abbreviated abstract

We examined emotional distress profiles in childhood cancer survivors. We identified four unique 

patterns, including a group with comorbid symptoms that require different intervention 

approaches.

Keywords

Comorbidity; Quality of life; Psychosocial late effect; Brief Symptom Inventory-18; Latent profile 
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Pediatric cancer survival has improved, leading to growing numbers of adult survivors of 

childhood cancer1 at risk for physical, neurocognitive, and psychosocial late effects of their 

disease and treatment.2–4 Monitoring emotional distress in long-term childhood cancer 

survivors is recommended standard of care across North America and Europe.5–8

Cross-sectional studies of emotional distress have shown that although most survivors are 

well-adjusted,9,10 some experience significant distress.10,11 Prevalence rates of post-

traumatic stress in survivors have been reported to be as high as 35%.12,13 Survivors report 

higher levels of distress compared to siblings10,14 and non-cancer psychotherapy patients,14 

and are twice as likely to report suicidal ideation compared to siblings.15,16 Longitudinal 

studies of depression, anxiety and somatization symptoms, measured with the Brief 

Symptom Inventory (BSI-18),17 indicate that most survivors report consistently low distress 

levels, but, importantly, a subset report persistently elevated or increasing distress over 

time.9

The BSI-18 is used in clinical groups and the general population; its three-factor structure 

(depression, anxiety, somatization) was confirmed in childhood cancer survivors.18 Previous 

studies examined BSI subscales separately, or used the Global Severity Index (GSI: sum of 

the three subscales) to measure overall distress. However, elevations on one or more 

subscales result in elevated GSI scores for different symptom combinations. Thus distress 

profiles cannot be appreciated by the GSI or each subscale alone. Profiling comorbid 

symptoms is necessary to develop effective, personalized interventions, particularly for those 

most in need. Different interventions target combined depression-anxiety versus somatic 

symptoms. Survivors with complex or comorbid distress may be refractory to routine 

clinical care, requiring intense, multimodal treatments. To address these needs, examining 

single scores is insufficient; an approach that measures single symptoms and symptom 

clusters is needed to profile survivors for targeted interventions.

The aims of this study were to identify clusters of survivors based on combined distress 

symptoms using latent profile analysis (LPA), and to determine disease, treatment, and 

sociodemographic predictors associated with each cluster. We hypothesized the following 

clusters based on a conceptual distinction between physical (somatic) and affective (anxiety 

and depression) symptoms: (1) low scores on all three BSI-18 subscales (asymptomatic), (2) 
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high scores on all three subscales (comorbid emotional distress), (3) primarily somatization 

(somatic symptoms), (4) primarily depression and/or anxiety (affective distress).

METHODS

Population

The Childhood Cancer Survivor Study (CCSS) is a multi-institutional retrospective cohort 

study, with longitudinal follow-up of childhood cancer survivors treated at 31 institutions in 

North America (https://ccss.stjude.org/). Survivors (n=16,079) in this analysis were 

diagnosed with cancer (leukemia, central nervous system (CNS) malignancy, Hodgkin 

lymphoma, non-Hodgkin lymphoma, Wilms tumor, neuroblastoma, soft tissue sarcoma, 

bone tumor) before age 21, treated between January 1, 1970 and December 31, 1999 and 

alive five years after diagnosis.. Their siblings (n=3085) served as a comparison group. 

Respondents were at least 18 years old and completed the BSI-18 on their baseline 

evaluation (1992–2015). The CCSS methodology and design have been previously 

described,19 approved by institutional review boards at all sites, and participants provided 

informed consent.

Measures

Emotional distress was measured using the BSI-18. Depression, anxiety, and somatization 

subscale scores were converted to T-scores (mean 50, SD 10) based on community 

normative data.17 Predictors of distress included primary cancer diagnosis, age at diagnosis, 

time since diagnosis, current perceived health, pain, chemotherapy, radiation, and 

sociodemographic variables including sex, race, age, health insurance, education, marital 

status and annual household income. Psychoactive medications were classified based on the 

American Hospital Formulary Service Drug Information database as previously described.22

Data Analyses

T-tests and chi-square tests were used to compare demographic characteristics between 

survivors and siblings. LPA was used to identify sibling clusters based on BSI-18 symptom 

patterns. Latent clusters were first identified in siblings by randomly splitting the cohort into 

training (50%) and validation sets (50%). For the training set, LPA was run with a pre-

specified number of latent clusters, K, ranging from 2 to 6. Akaike information criterion, 

Bayesian information criterion, and Lo-Mendell-Rubin adjusted likelihood ratio tests were 

used to determine K. At least 5% of the sample was required to include each cluster. 

Adjusted rand index was used to measure reliability between clusters identified by LPA in 

the validation set and by nearest centroid method to validate the training set cluster model. 

The centers of the validated cluster model in siblings were used to derive latent clusters in 

survivors using nearest centroid method. Derived clusters from this approach were used for 

all analyses in survivors. To verify that siblings and survivors had the same cluster pattern, 

LPA was run in survivors using the same training and validation process as that in siblings. 

Frequencies and percentages of cluster membership were compared between survivors and 

siblings using chi-square tests. Frequencies across clusters were examined by diagnosis, 

diagnosis decade, treatment, and individual variables associated with emotional 

distress,9–11,22–24 and comparisons made using chi-square tests for categorical and analyses 
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of variance for continuous variables. Separate multinomial regressions were generated for 

diagnosis and treatment predictors, and for predictors associated with long-term outcomes of 

diagnosis/treatment (e.g. educational attainment, perceived current health, pain). Risk for 

comorbid, somatic or affective cluster membership was referenced to the asymptomatic 

cluster. No adjustments were made for multiple comparisons.

RESULTS

Survivor and sibling demographics, and survivor diagnosis and treatment characteristics are 

presented in Table 1.

Comorbidity Patterns

LPA supported a 4-cluster model for siblings and survivors (Supplemental Table 1). Good 

agreement between training and validation clusters (Adjusted Rand Index; siblings = 0.78, 

survivors = 0.88) was demonstrated. Cluster membership frequency differed between groups 

(χ2 = 204.5, p<0.0001), with more siblings than survivors in the asymptomatic cluster 

(sibling n=2294, 74.4% vs survivor n=9914, 61.8%, p<.0001). In contrast, more survivors 

than siblings were in the comorbid (survivor n=1722, 10.7% vs sibling n=149, 4.8%; 

p<0.0001), somatic (survivor n=2168, 13.5% vs sibling n= 281, 9.1%; p<0.0001) and 

affective clusters (survivor n=2229, 13.9% vs sibling n=361, 11.7%; p=0.0011). Moreover, 

survivors and siblings within the comorbid cluster had scores above the clinical cutoff 

(T≥63) on all three scales, while those in affective or somatic clusters were primarily 

impaired on depression or somatization scales, respectively (Table 2). Frequency of survivor 

cluster membership differed by demographic, diagnosis, treatment and health-related 

predictors (Table 3). From the 1970’s to the 1990’s rates of affective distress in survivors 

declined, but comorbid distress increased (χ2=16.9; p=0.0095). All classes of psychoactive 

medication use were associated with comorbid distress (all p’s <0.0001).

Comorbidity Predictors

In the diagnosis multivariable model (Table 4), CNS tumor survivors were at approximately 

30% higher risk of comorbid symptoms (OR 1.30, 95%CI 1.05–1.61) and affective distress 

(OR 1.29, 95%CI 1.08–1.55) compared to solid tumor survivors. Other diagnoses associated 

with comorbid distress included leukemia (OR 1.34, 95%CI 1.12–1.61) and bone and soft 

tissue sarcomas (OR 1.26, 95%CI 1.01–1.57).

In the treatment multivariable model (Table 5), cranial radiation was associated with a 14% 

higher risk of affective distress (OR 1.14, 95%CI 1.01–1.28) compared to no radiation. 

Radiation to other parts of the body was associated with a 27% higher risk of somatic 

symptoms (OR 1.27, 95%CI 1.12–1.44). Alkylating agents were associated with affective 

distress (OR 1.16, 95%CI 1.04–1.30). In contrast, anthracyclines reduced the risk of 

affective distress (OR 0.72, 95%CI 0.64–0.81) and steroids reduced the likelihood of 

somatic symptoms by 17% (OR 0.83, 95%CI 0.73–0.94).

The health-related predictor multivariable model (Table 6) included variables potentially 

affected by diagnoses/ treatments. We therefore excluded diagnosis/treatment variables to 

avoid confounding. Compared to survivors reporting excellent perceived health, those with 
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fair/poor health had a 32-fold risk for comorbid distress (OR 31.66, 95%CI 23.13–43.34), a 

9-fold risk for somatic symptoms (OR 8.97, 95%CI 7.17–11.23), and a 6-fold risk for 

affective distress (OR 5.59, 95%CI 4.48–6.97). Survivors with headache and bodily pain 

showed similar patterns. Divorced/separated marital status, less than college education, and 

lower income were risks for comorbid distress. Having health insurance decreased risk of 

distress cluster membership, suggesting higher untreated distress in those uninsured. In 

terms of race, black survivors were less likely than white survivors to have comorbid or 

affective distress. In all 3 models, female sex was a risk for somatic symptoms and comorbid 

distress.

DISCUSSION

Profiling patterns of distress in long-term childhood cancer survivors revealed novel findings 

including identification of four distinct groups: those who were asymptomatic, those with 

affective distress, those with somatic symptoms and, most importantly, a significant 

proportion with comorbid distress. Frequencies of affective, somatic, and comorbid 

symptoms were higher in survivors than in siblings. Among survivors, 38% demonstrated a 

pattern of distress, with affective distress and somatic symptoms being most common. 

Moreover, 11% were categorized in the comorbid distress cluster, more than twice the rate in 

siblings. Our approach highlights unique cluster membership predictors, implications for at-

risk patient identification, and targeted intervention development.

Comorbid distress was associated with CNS tumor, leukemia, and sarcoma diagnoses, and 

poor perceived health, headache, and bodily pain. Other comorbid distress predictors 

included female sex, low income and marital status (single, divorced/separated). Survivors in 

the comorbid distress cluster reported the highest distress levels on all three subscales. 

Along with the asymptomatic group, survivors in the comorbid distress cluster had the 

highest rates of psychoactive medication use. Psychoactive medications may therefore be 

effective in alleviating symptoms in asymptomatic survivors. Those in the comorbid group 

remain symptomatic because they may be resistant to treatment or not managed adequately. 

These findings raise concerns because previous work showed that survivors tend to under-

report social and/or emotional difficulties25 and that BSI-18 scores may underestimate 

distress in adult childhood cancer survivors.26 Those studies raise the possibility that the 

frequency and level of distress – particularly comorbid distress – may be underestimated in 

this study.

The current analysis supports a distinction between affective distress and somatic symptoms, 

with survivors who received cranial radiation at increased risk for affective distress, and 

those who received non-cranial radiation at increased risk for somatic symptoms. Predictors 

of affective distress also included treatment with alkylating agents, younger age at diagnosis, 

and shorter time since diagnosis. In contrast, steroid or anthracycline treatments were 

protective for somatic symptoms. Together, this suggests that brain injury due to diagnosis or 

treatment poses a significant risk for depression or comorbid distress, consistent with 

evidence of depression many years after childhood traumatic brain injury.27
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Although diagnosis, treatment, age and time variables contributed to distress comorbidities, 

the odds ratios were relatively small, consistent with research suggesting that cancer 

treatment variables account for a small proportion of the variance when measuring distress 

in long-term survivors.Critical variables underlying survivors’ long-term distress and 

psychological adaptation include cognitive factors such as coping style,28,29 perceptions 

about the cancer experience,30 perceived health9 and/or current physical health..

Sociodemographic factors that mitigate comorbid distress include college education, high 

income, living as married, and medical insurance coverage. Higher socioeconomic status 

and/or increased access to support services contribute to better psychological outcomes in 

diverse patient groups including cancer.11,31 With the advent of the Affordable Care Act, it 

will be interesting to explore longitudinal changes in distress and utilization of support 

services in American survivors.

Limitations of this work include reliance on self-reported outcomes, absence of information 

regarding psychiatric history, other stressful life events, or psychosocial variables that 

contribute to distress. However, emotional distress inherently depends on mental state self-

evaluation, therefore self-report is often the most accurate way to assess symptoms. 

Important follow-up analyses include examining persistence of identified distress patterns 

and changes in health status associated with longitudinal comorbid distress.

Notwithstanding these limitations, this study provides novel information on distress 

comorbidity profiles. Risk factors identified in our study are similar to those identified in 

previous reports of elevations of single BSI-18 subscales. However, those studies do not 

distinguish between survivors elevated on multiple scales and survivors who are not. By 

profiling symptom clusters, we identify groups of survivors based on different 

symptomatology patterns and associated risk, with implications for implementing specific 

interventions based on cluster profile. Multimodal interventions are likely necessary to 

address complex profiles reported by comorbid distress cluster members, including 

psychoactive medications, and psychotherapy exploring survivors’ attitudes towards their 

cancer experience. Survivors endorsing primarily somatic symptoms may need 

pharmacological and strategic management of symptoms and chronic pain, including 

mindfulness or physical exercise. Those in the affective distress cluster may benefit most 

from antidepressant and cognitive behavioral treatments. Our findings lay the groundwork 

for clinical trials that evaluate effectiveness of treatments based on distress symptom 

profiles.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

Funding: This work was supported by the National Cancer Institute (CA55727, G.T. Armstrong, PI). Support to St. 
Jude Children’s Research Hospital provided by the Cancer Center Support (CORE) grant (CA21765, C. Roberts, 
PI) and the American Lebanese-Syrian Associated Charities (ALSAC). Support to Princess Margaret Cancer Centre 
provided by the Ontario Ministry of Health and Long-Term Care (OMOHLTC) and the Princess Margaret Cancer 
Foundation.

D'Agostino et al. Page 6

Cancer. Author manuscript; available in PMC 2017 October 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



References

1. Robison LL, Hudson MM. Survivors of childhood and adolescent cancer: life-long risks and 
responsibilities. Nat Rev Cancer. 2014; 14:61–70. [PubMed: 24304873] 

2. Oeffinger KC, Mertens AC, Sklar CA, et al. Chronic health conditions in adult survivors of 
childhood cancer. N Engl J Med. 2006; 355:1572–1582. [PubMed: 17035650] 

3. Armstrong GT, Kawashima T, Leisenring W, et al. Aging and risk of severe, disabling, life-
threatening, and fatal events in the childhood cancer survivor study. J Clin Oncol. 2014; 32:1218–
1227. [PubMed: 24638000] 

4. Zeltzer LK, Lu Q, Leisenring W, et al. Psychosocial outcomes and health-related quality of life in 
adult childhood cancer survivors: a report from the childhood cancer survivor study. Cancer 
Epidemiol Biomarkers Prev. 2008; 17:435–446. [PubMed: 18268128] 

5. Landier W, Bhatia S, Eshelman DA, et al. Development of risk-based guidelines for pediatric cancer 
survivors: the Children's Oncology Group Long-Term Follow-Up Guidelines from the Children's 
Oncology Group Late Effects Committee and Nursing Discipline. J Clin Oncol. 2004; 22:4979–
4990. [PubMed: 15576413] 

6. Hudson MM, Mulrooney DA, Bowers DC, et al. High-risk populations identified in Childhood 
Cancer Survivor Study investigations: implications for risk-based surveillance. J Clin Oncol. 2009; 
27:2405–2414. [PubMed: 19289611] 

7. Winther JF, Kenborg L, Byrne J, et al. Childhood cancer survivor cohorts in Europe. Acta Oncol. 
2015; 54:655–668. [PubMed: 25813473] 

8. Recklitis C, O'Leary T, Diller L. Utility of routine psychological screening in the childhood cancer 
survivor clinic. J Clin Oncol. 2003; 21:787–792. [PubMed: 12610175] 

9. Brinkman TM, Zhu L, Zeltzer LK, et al. Longitudinal patterns of psychological distress in adult 
survivors of childhood cancer. Br J Cancer. 2013; 109:1373–1381. [PubMed: 23880828] 

10. Zeltzer LK, Recklitis C, Buchbinder D, et al. Psychological status in childhood cancer survivors: a 
report from the Childhood Cancer Survivor Study. J Clin Oncol. 2009; 27:2396–2404. [PubMed: 
19255309] 

11. Zebrack BJ, Zeltzer LK, Whitton J, et al. Psychological outcomes in long-term survivors of 
childhood leukemia, Hodgkin's disease, and non-Hodgkin's lymphoma: a report from the 
Childhood Cancer Survivor Study. Pediatrics. 2002; 110:42–52. [PubMed: 12093945] 

12. Bruce M. A systematic and conceptual review of posttraumatic stress in childhood cancer survivors 
and their parents. Clin Psychol Rev. 2006; 26:233–256. [PubMed: 16412542] 

13. Taïeb O, Moro MR, Baubet T, Revah-Lévy A, Flament MF. Posttraumatic stress symptoms after 
childhood cancer. Eur Child Adolesc Psychiatry. 2003; 12:255–264. [PubMed: 14689257] 

14. Gianinazzi ME, Rueegg CS, Wengenroth L, et al. Adolescent survivors of childhood cancer: are 
they vulnerable for psychological distress? Psychooncol. 2013; 22:2051–2058.

15. Recklitis CJ, Diller LR, Li X, Najita J, Robison LL, Zeltzer L. Suicide ideation in adult survivors 
of childhood cancer: a report from the Childhood Cancer Survivor Study. J Clin Oncol. 2010; 
28:655–661. [PubMed: 19841325] 

16. Brinkman TM, Zhang N, Recklitis CJ, et al. Suicide ideation and associated mortality in adult 
survivors of childhood cancer. Cancer. 2014; 120:271–277. [PubMed: 24122148] 

17. Derogatis, LR., editor. BSI-18 Brief Symptom Inventory 18, Administration, Scoring, and 
Procedurals Manual. Minneapolis: NCS Pearson; 2000. 

18. Recklitis CJ, Parsons SK, Shih MC, Mertens A, Robison LL, Zeltzer L. Factor structure of the 
Brief Symptom Inventory-18 in adult survivors of childhood cancer: results from the childhood 
cancer survivor study. Psychol Assess. 2006; 18:22–32. [PubMed: 16594809] 

19. Robison LL, Armstrong GT, Boice JD, et al. The Childhood Cancer Survivor Study: a National 
Cancer Institute-supported resource for outcome and intervention research. J Clin Oncol. 2009; 
27:2308–2318. [PubMed: 19364948] 

20. https://http://www.census.gov/hhes/www/income/data/historical/dollars.html.

21. http://www.bls.gov/cpi/data.htm.

D'Agostino et al. Page 7

Cancer. Author manuscript; available in PMC 2017 October 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://http://www.census.gov/hhes/www/income/data/historical/dollars.html
http://www.bls.gov/cpi/data.htm


22. Brinkman TM, Zhang N, Ullrich NJ, et al. Psychoactive medication use and neurocognitive 
function in adult survivors of childhood cancer: a report from the Childhood Cancer Survivor 
study. Pediatr Blood Cancer. 2013; 60:486–493. [PubMed: 22848025] 

23. Zebrack BJ, Zevon MA, Turk N, et al. Psychological distress in long-term survivors of solid 
tumors diagnosed in childhood: a report from the childhood cancer survivor study. Pediatr Blood 
Cancer. 2007; 49:47–51. [PubMed: 16755550] 

24. Zebrack BJ, Gurney JG, Oeffinger K, et al. Psychological outcomes in long-term survivors of 
childhood brain cancer: a report from the childhood cancer survivor study. J Clin Oncol. 2004; 
22:999–1006. [PubMed: 15020603] 

25. O'Leary TE, Diller L, Recklitis CJ. The effects of response bias on self-reported quality of life 
among childhood cancer survivors. Qual Life Res. 2007; 16:1211–1220. [PubMed: 17624814] 

26. Merport A, Recklitis CJ. Does the Brief Symptom Inventory-18 case rule apply in adult survivors 
of childhood cancer? Comparison with the Symptom Checklist-90. J Pediatr Psychol. 2012; 
37:650–659. [PubMed: 22451261] 

27. Dahm J, Ponsford J. Comparison of long-term outcomes following traumatic injury: what is the 
unique experience for those with brain injury compared with orthopaedic injury? Injury. 2015; 
46:142–149. [PubMed: 25123975] 

28. Wenninger K, Helmes A, Bengel J, Lauten M, Völkel S, Niemeyer CM. Coping in long-term 
survivors of childhood cancer: relations to psychological distress. Psychooncology. 2013; 22:854–
861. [PubMed: 22461240] 

29. Maurice-Stam H, Grootenhuis MA, Caron HN, Last BF. Course of life of survivors of childhood 
cancer is related to quality of life in young adulthood. J Psychosoc Oncol. 2007; 25:43–58. 
[PubMed: 19341013] 

30. Rourke MT, Hobbie WL, Schwartz L, Kazak AE. Posttraumatic stress disorder (PTSD) in young 
adult survivors of childhood cancer. Pediatr Blood Cancer. 2007; 49:177–182. [PubMed: 
16862538] 

31. Klosky JL, Cash DK, Buscemi J, et al. Factors influencing long-term follow-up clinic attendance 
among survivors of childhood cancer. J Cancer Surviv. 2008; 2:225–232. [PubMed: 18787958] 

D'Agostino et al. Page 8

Cancer. Author manuscript; available in PMC 2017 October 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

D'Agostino et al. Page 9

Ta
b

le
 1

D
em

og
ra

ph
ic

 a
nd

 tr
ea

tm
en

t c
ha

ra
ct

er
is

tic
s

Su
rv

iv
or

s
(N

=1
60

79
)

Si
bl

in
gs

(N
=3

08
5)

p-
va

lu
e

N
%

N
%

Se
x

M
al

e
83

23
51

.8
14

37
46

.6
<

0.
00

01
Fe

m
al

e
77

56
48

.2
16

48
53

.4

R
ac

e

W
hi

te
14

07
0

87
.5

28
35

91
.9

<
0.

00
01

B
la

ck
97

6
6.

1
76

2.
5

O
th

er
92

3
5.

7
17

4
5.

6

E
th

ni
ci

ty

H
is

pa
ni

c
11

87
7.

4
10

5
3.

4
<

0.
00

01
N

on
-H

is
pa

ni
c

14
81

6
92

.2
29

80
96

.6

A
ge

18
–2

4
61

69
38

.4
88

1
28

.6

<
0.

00
01

25
–2

9
45

82
28

.5
72

0
23

.3

30
–3

4
32

98
20

.5
67

5
21

.9

≥3
5

20
30

12
.6

80
9

26
.2

E
du

ca
ti

on

<
H

ig
h 

sc
ho

ol
12

12
7.

5
16

3
5.

3

<
0.

00
01

H
ig

h 
sc

ho
ol

31
10

19
.3

54
7

17
.7

So
m

e 
co

lle
ge

56
88

35
.4

10
83

35
.1

≥C
ol

le
ge

 g
ra

du
at

e
54

95
34

.2
11

65
37

.8

M
ar

it
al

 S
ta

tu
s

Si
ng

le
79

55
49

.5
99

4
32

.2

<
0.

00
01

M
ar

ri
ed

/L
iv

e 
as

 m
ar

ri
ed

64
13

39
.9

17
40

56
.4

D
iv

or
ce

d/
se

pa
ra

te
d

12
75

7.
9

29
7

9.
6

H
ou

se
ho

ld
 I

nc
om

e

Cancer. Author manuscript; available in PMC 2017 October 15.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

D'Agostino et al. Page 10

Su
rv

iv
or

s
(N

=1
60

79
)

Si
bl

in
gs

(N
=3

08
5)

p-
va

lu
e

N
%

N
%

≤1
9,

99
9

22
24

13
.8

21
5

7.
0

<
0.

00
01

20
,0

00
–3

9,
99

9
28

10
17

.5
41

6
13

.5

40
,0

00
–5

9,
99

9
27

25
17

.0
49

7
16

.1

60
,0

00
–7

9,
99

9
20

82
13

.0
48

4
15

.7

≥8
0,

00
0

39
96

24
.8

11
88

38
.5

In
su

ra
nc

e

Y
es

13
16

3
81

.9
27

21
88

.2
<

0.
00

01
N

o
26

57
16

.5
33

3
10

.8

P
er

ce
iv

ed
 H

ea
lt

h 
St

at
us

E
xc

el
le

nt
29

49
18

.3
74

2
24

.0
<

0.
00

01

V
er

y 
go

od
59

32
36

.9
13

41
43

.5

G
oo

d
51

28
31

.9
81

1
26

.3

Fa
ir

/P
oo

r
19

50
12

.1
16

3
5.

3

P
ai

n

H
ea

da
ch

e
45

33
28

.2
74

1
24

.0

<
0.

00
01

O
th

er
 p

ai
n

90
6

5.
6

96
3.

1

N
o 

pa
in

10
16

4
63

.2
22

42
72

.7

D
ia

gn
os

is

L
eu

ke
m

ia
44

10
27

.4

C
N

S 
T

um
or

26
62

16
.6

H
od

gk
in

 ly
m

ph
om

a
26

05
16

.2

N
on

-H
od

gk
in

 ly
m

ph
om

a
15

97
9.

9

K
id

ne
y 

(W
ilm

s)
11

63
7.

2

N
eu

ro
bl

as
to

m
a

75
6

4.
7

So
ft

 ti
ss

ue
 s

ar
co

m
a

12
17

7.
6

B
on

e 
ca

nc
er

16
69

10
.4

T
re

at
m

en
t 

E
ra 19

70
–1

97
9

55
01

34
.2

Cancer. Author manuscript; available in PMC 2017 October 15.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

D'Agostino et al. Page 11

Su
rv

iv
or

s
(N

=1
60

79
)

Si
bl

in
gs

(N
=3

08
5)

p-
va

lu
e

N
%

N
%

19
80

–1
98

9
53

10
33

.0

19
90

–1
99

9
52

67
32

.8

C
an

ce
r 

T
re

at
m

en
t

A
nt

im
et

ab
ol

it
es

Y
es

60
45

37
.6

N
o

84
49

52
.6

A
nt

hr
ac

yc
lin

es

Y
es

66
93

41
.6

N
o

76
31

47
.5

A
lk

yl
at

in
g 

A
ge

nt
s

Y
es

71
74

44
.6

N
o

66
69

41
.5

St
er

oi
ds

Y
es

68
77

42
.8

N
o

78
28

48
.7

R
ad

ia
ti

on

N
on

e
60

56
37

.7

N
on

-c
ra

ni
al

57
86

36
.0

C
ra

ni
al

25
03

15
.6

M
ea

n 
(S

D
)

M
ed

ia
n 

(R
an

ge
)

M
ea

n 
(S

D
)

M
ed

ia
n 

(R
an

ge
)

A
ge

 a
t b

as
el

in
e

27
.1

(5
.9

)
26

 (
18

–4
8)

29
.6

 (
7.

3)
29

 (
18

–5
6)

<
0.

00
01

A
ge

 a
t D

ia
gn

os
is

9.
4(

5.
6)

10
 (

0–
20

)

T
im

e 
si

nc
e 

di
ag

no
si

s
17

.7
(4

.3
)

17
.7

 (
6.

4–
31

.1
)

N
ot

e.
 p

-v
al

ue
s 

ba
se

d 
on

 C
hi

-s
qu

ar
e 

te
st

s 
fo

r 
ca

te
go

ri
ca

l a
nd

 tw
o-

sa
m

pl
e 

t-
te

st
s 

fo
r 

co
nt

in
uo

us
 v

ar
ia

bl
es

; F
re

qu
en

ci
es

 b
as

ed
 o

n 
nu

m
be

r 
of

 p
ar

tic
ip

an
ts

 f
or

 w
ho

m
 in

fo
rm

at
io

n 
w

as
 a

va
ila

bl
e;

 S
D

 =
 s

ta
nd

ar
d 

de
vi

at
io

n

Cancer. Author manuscript; available in PMC 2017 October 15.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

D'Agostino et al. Page 12

Ta
b

le
 2

B
SI

 s
ub

sc
al

e 
sc

or
es

 f
or

 s
ur

vi
vo

rs
 a

nd
 s

ib
lin

gs
, b

y 
cl

us
te

r.

C
lu

st
er

B
SI

 s
ub

sc
al

e
Su

rv
iv

or
s

Si
bl

in
gs

M
ea

n
SD

N
 im

pa
ir

ed
 (

%
)

M
ea

n
SD

N
 im

pa
ir

ed
 (

%
)

A
sy

m
pt

om
at

ic

So
m

at
iz

at
io

n
43

.4
3.

3
0 

(0
.0

)
43

.6
3.

3
0 

(0
.0

)

A
nx

ie
ty

41
.3

4.
6

8 
(0

.1
)

42
.8

5.
8

8 
(0

.3
5)

D
ep

re
ss

io
n

42
.8

3.
0

0 
(0

.0
)

42
.9

3.
1

0 
(0

.0
)

So
m

at
ic

So
m

at
iz

at
io

n
57

.8
5.

8
51

5 
(2

3.
8)

59
.0

3.
9

55
 (

19
.6

)

A
nx

ie
ty

49
.3

7.
7

82
 (

3.
8)

49
.2

8.
5

15
 (

5.
3)

D
ep

re
ss

io
n

45
.7

4.
6

1 
(0

.0
5)

44
.8

3.
9

0 
(0

.0
)

A
ff

ec
tiv

e

So
m

at
iz

at
io

n
46

.7
5.

0
2 

(0
.0

9)
46

.0
4.

5
0 

(0
.0

)

A
nx

ie
ty

50
.4

7.
7

12
5 

(5
.6

)
51

.5
8.

2
31

 (
8.

6)

D
ep

re
ss

io
n

60
.2

5.
2

58
6 

(2
6.

3)
60

.9
4.

0
10

4 
(2

8.
8)

C
om

or
bi

d

So
m

at
iz

at
io

n
62

.2
6.

7
89

3 
(5

1.
9)

61
.8

5.
2

74
 (

49
.7

)

A
nx

ie
ty

63
.1

7.
8

85
7 

(4
9.

8)
61

.5
7.

5
61

 (
40

.9
)

D
ep

re
ss

io
n

65
.6

6.
9

10
73

 (
62

.3
)

65
.6

6.
4

89
 (

59
.7

)

N
ot

e.
 N

 im
pa

ir
ed

: n
um

be
r 

of
 c

lu
st

er
 m

em
be

rs
 w

ith
 s

co
re

s 
ab

ov
e 

th
e 

cl
in

ic
al

 c
ut

of
f 

(T
 ≥

 6
3)

.

Cancer. Author manuscript; available in PMC 2017 October 15.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

D'Agostino et al. Page 13

Ta
b

le
 3

Fr
eq

ue
nc

y 
di

st
ri

bu
tio

ns
 f

or
 th

e 
fo

ur
 d

is
tr

es
s 

cl
us

te
rs

 in
 s

ur
vi

vo
rs

A
sy

m
pt

om
at

ic
A

ff
ec

ti
ve

So
m

at
ic

C
om

or
bi

d

n
%

n
%

n
%

n
%

p-
va

lu
e*

To
ta

l
99

14
61

.6
22

29
13

.9
21

68
13

.5
17

22
10

.7

Se
x

M
al

e
54

61
65

.8
11

99
14

.5
86

6
10

.4
77

0
9.

3
<

0.
00

01
Fe

m
al

e
44

53
57

.6
10

30
13

.3
13

02
16

.8
95

2
12

.3

R
ac

e

W
hi

te
86

87
61

.9
19

72
14

.1
18

85
13

.4
14

85
10

.6

0.
00

05
B

la
ck

61
8

63
.6

10
7

11
.0

15
6

16
.0

91
9.

4

O
th

er
54

9
59

.5
13

1
14

.2
11

3
12

.3
12

9
14

.0

E
du

ca
ti

on

<
H

ig
h 

sc
ho

ol
59

8
49

.7
20

2
16

.8
18

9
15

.7
21

4
17

.8

<
0.

00
01

H
ig

h 
sc

ho
ol

19
30

62
.2

38
8

12
.5

40
5

13
.1

37
8

12
.2

So
m

e 
co

lle
ge

34
11

60
.1

81
2

14
.3

76
4

13
.5

68
5

12
.1

≥C
ol

le
ge

 g
ra

du
at

e
36

53
66

.6
73

3
13

.4
73

0
13

.3
37

2
6.

8

M
ar

it
al

 S
ta

tu
s

Si
ng

le
48

97
61

.8
13

00
16

.4
90

4
11

.4
82

6
10

.4

<
0.

00
01

M
ar

ri
ed

/L
iv

e 
as

 m
ar

ri
ed

41
65

65
65

4
10

.2
10

22
16

56
2

8.
8

D
iv

or
ce

d/
se

pa
ra

te
d

62
9

49
.5

22
0

17
.3

16
3

12
.8

25
9

20
.4

H
ou

se
ho

ld
 I

nc
om

e

≤1
9,

99
9

10
67

48
.2

36
4

16
.4

34
2

15
.4

44
1

19
.9

<
0.

00
01

20
,0

00
–3

9,
99

9
16

41
58

.5
41

5
14

.8
40

8
14

.5
34

1
12

.2

40
,0

00
–5

9,
99

9
16

70
61

.4
38

0
14

.0
38

6
14

.2
28

3
10

.4

60
,0

00
–7

9,
99

9
13

55
65

.2
28

1
13

.5
28

4
13

.7
15

9
7.

6

≥8
0,

00
0

27
49

69
49

5
12

.4
47

4
11

.9
26

8
6.

7

P
er

ce
iv

ed
 H

ea
lt

h 
St

at
us

E
xc

el
le

nt
24

33
82

.7
25

8
8.

8
18

7
6.

4
65

2.
2

<
0.

00
01

V
er

y 
go

od
41

38
69

.9
81

1
13

.7
64

5
10

.9
32

3
5.

5

Cancer. Author manuscript; available in PMC 2017 October 15.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

D'Agostino et al. Page 14

A
sy

m
pt

om
at

ic
A

ff
ec

ti
ve

So
m

at
ic

C
om

or
bi

d

n
%

n
%

n
%

n
%

p-
va

lu
e*

G
oo

d
27

25
53

.3
84

5
16

.5
86

5
16

.9
68

0
13

.3

Fa
ir

/P
oo

r
55

1
28

.4
30

3
15

.6
44

9
23

.2
63

6
32

.8

P
ai

n

H
ea

da
ch

e
20

49
45

.3
68

2
15

.1
92

3
20

.4
86

9
19

.2

<
0.

00
01

O
th

er
 p

ai
n

35
6

39
.6

13
8

15
.4

22
0

24
.5

18
5

20
.6

N
o 

pa
in

72
39

71
.4

13
38

13
.2

95
8

9.
4

60
3

5.
9

P
sy

ch
oa

ct
iv

e 
M

ed
ic

at
io

n

  A
na

lg
es

ic
s

Y
es

75
9

40
.9

28
9

15
.6

39
9

21
.5

41
1

22
.1

<
0.

00
01

N
o

91
55

64
.6

19
40

13
.7

17
69

12
.5

13
11

9.
2

  A
nt

id
ep

re
ss

an
ts

Y
es

44
2

31
.4

28
3

20
.1

24
0

17
.1

44
2

31
.4

<
0.

00
01

N
o

94
72

64
.8

19
46

13
.3

19
28

13
.2

12
80

8.
8

  A
nx

io
ly

ti
cs

, h
yp

no
ti

cs
, s

ed
at

iv
es

Y
es

19
9

28
.8

98
14

.2
15

6
22

.5
23

9
34

.5
<

0.
00

01
N

o
97

15
63

.3
21

31
13

.9
20

12
13

.1
14

83
9.

7

  C
N

S 
St

im
ul

an
ts

Y
es

10
6

43
.3

43
17

.6
40

16
.3

56
22

.9
<

0.
00

01
N

o
98

08
62

.1
21

86
13

.8
21

28
13

.5
16

66
10

.6

  N
eu

ro
le

pt
ic

s

Y
es

79
27

.7
45

15
.8

61
21

.4
10

0
35

.1
<

0.
00

01
N

o
98

35
62

.5
21

84
13

.9
21

07
13

.4
16

22
10

.3

  M
us

cl
e 

R
el

ax
an

ts

Y
es

10
7

33
.6

39
12

.3
79

24
.8

93
29

.2
<

0.
00

01
N

o
98

07
62

.4
21

90
13

.9
20

89
13

.3
16

29
10

.4

D
ia

gn
os

is

L
eu

ke
m

ia
27

23
62

.0
62

2
14

.2
54

2
12

.3
50

6
11

.5
0.

00
21

C
N

S 
tu

m
or

16
14

60
.9

41
2

15
.5

32
8

12
.4

29
8

11
.2

Cancer. Author manuscript; available in PMC 2017 October 15.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

D'Agostino et al. Page 15

A
sy

m
pt

om
at

ic
A

ff
ec

ti
ve

So
m

at
ic

C
om

or
bi

d

n
%

n
%

n
%

n
%

p-
va

lu
e*

H
od

gk
in

 ly
m

ph
om

a
15

94
61

.3
34

1
13

.1
39

6
15

.2
27

0
10

.4

no
n-

H
od

gk
in

 ly
m

ph
om

a
10

13
63

.6
21

9
13

.7
20

4
12

.8
15

8
9.

9

K
id

ne
y 

(W
ilm

s)
73

7
63

.5
14

8
12

.8
16

4
14

.1
11

1
9.

6

N
eu

ro
bl

as
to

m
a

47
2

62
.5

10
5

13
.9

11
6

15
.4

62
8.

2

So
ft

 ti
ss

ue
 s

ar
co

m
a

76
5

63
.1

16
4

13
.5

16
2

13
.4

12
1

10

B
on

e 
ca

nc
er

99
6

59
.8

21
8

13
.1

25
6

15
.4

19
6

11
.8

D
ia

gn
os

is
 D

ec
ad

e

19
70

–7
9

33
22

60
.7

81
7

14
.9

74
4

13
.6

59
3

10
.8

0.
00

95
19

80
–8

9
33

06
62

.4
75

3
14

.2
70

0
13

.2
53

8
10

.2

19
90

–9
9

32
86

62
.5

65
9

12
.5

72
3

13
.7

59
1

11
.2

C
an

ce
r 

T
re

at
m

en
t

  A
nt

im
et

ab
ol

it
es

Y
es

36
69

60
.9

85
7

14
.2

79
8

13
.2

70
0

11
.6

0.
10

92
N

o
51

68
61

.3
11

81
14

.0
11

91
14

.1
88

7
10

.5

  A
nt

hr
ac

yc
lin

es

Y
es

41
42

62
.0

83
0

12
.4

92
8

13
.9

77
6

11
.6

<
0.

00
01

N
o

46
07

60
.6

11
82

15
.5

10
33

13
.6

78
3

10
.3

  A
lk

yl
at

in
g 

A
ge

nt
s

Y
es

43
69

61
.0

10
03

14
.0

99
0

13
.8

79
6

11
.1

0.
47

90
N

o
41

20
62

.0
94

1
14

.2
87

4
13

.2
70

7
10

.6

  S
te

ro
id

s

Y
es

41
72

60
.9

99
0

14
.4

90
1

13
.1

79
1

11
.5

0.
04

85
N

o
48

00
61

.5
10

85
13

.9
11

07
14

.2
81

5
10

.4

  R
ad

ia
ti

on

N
on

e
38

07
63

.0
81

3
13

.5
77

2
12

.8
65

0
10

.8

<
0.

00
01

N
on

-c
ra

ni
al

26
22

60
.0

59
5

13
.6

68
2

15
.6

47
4

10
.8

C
ra

ni
al

23
32

60
.1

61
2

15
.8

49
1

12
.7

44
6

11
.5

A
ge

 a
nd

 T
im

e

Cancer. Author manuscript; available in PMC 2017 October 15.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

D'Agostino et al. Page 16

A
sy

m
pt

om
at

ic
A

ff
ec

ti
ve

So
m

at
ic

C
om

or
bi

d

n
%

n
%

n
%

n
%

p-
va

lu
e*

M
ea

n
SD

M
ea

n
SD

M
ea

n
SD

M
ea

n
SD

p-
va

lu
e

A
ge

 a
t b

as
el

in
e

27
.1

5.
9

26
.5

5.
8

27
.6

6.
0

27
.3

5.
9

<
0.

00
01

A
ge

 a
t d

ia
gn

os
is

9.
4

5.
6

9.
0

5.
4

9.
8

5.
7

9.
5

5.
4

0.
00

01

T
im

e 
si

nc
e 

di
ag

no
si

s
17

.7
4.

3
17

.5
4.

3
17

.8
4.

3
17

.8
4.

4
0.

06
33

N
ot

e.
 p

-v
al

ue
s 

ba
se

d 
on

 c
hi

-s
qu

ar
e 

te
st

s 
fo

r 
ca

te
go

ri
ca

l a
nd

 A
N

O
V

A
 f

or
 c

on
tin

uo
us

 v
ar

ia
bl

es
; S

D
=

st
an

da
rd

 d
ev

ia
tio

n;
 F

re
qu

en
ci

es
 b

as
ed

 o
n 

nu
m

be
r 

of
 p

ar
tic

ip
an

ts
 f

or
 w

ho
m

 in
fo

rm
at

io
n 

w
as

 a
va

ila
bl

e.

Cancer. Author manuscript; available in PMC 2017 October 15.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

D'Agostino et al. Page 17

Ta
b

le
 4

M
ul

tiv
ar

ia
bl

e 
m

od
el

s 
pr

ed
ic

tin
g 

su
rv

iv
or

 d
is

tr
es

s 
cl

us
te

r 
m

em
be

rs
hi

p:
 d

ia
gn

os
is

 a
nd

 s
oc

io
de

m
og

ra
ph

ic
 f

ac
to

rs

R
is

k 
F

ac
to

r
C

om
or

bi
d

So
m

at
ic

A
ff

ec
ti

ve

O
R

95
%

C
I

O
R

95
%

C
I

O
R

95
%

C
I

D
ia

gn
os

is

  S
ol

id
 tu

m
or

s
1.

0
1.

0
1.

0

  B
on

e 
an

d 
so

ft
 ti

ss
ue

 s
ar

co
m

as
1.

26
1.

01
–1

.5
7

0.
99

0.
82

–1
.2

0
1.

15
0.

95
–1

.4
0

  C
N

S 
tu

m
or

s
1.

30
1.

05
–1

.6
1

0.
88

0.
73

–1
.0

6
1.

29
1.

08
–1

.5
5

  L
eu

ke
m

ia
1.

34
1.

12
–1

.6
1

0.
88

0.
75

–1
.0

3
1.

04
0.

88
–1

.2
2

  L
ym

ph
om

as
1.

16
0.

93
–1

.4
4

0.
97

0.
80

–1
.1

6
1.

17
0.

97
–1

.4
1

A
ge

 a
t d

ia
gn

os
is

 (
pe

r 
ye

ar
)

1.
01

0.
99

–1
.0

2
1.

02
1.

01
–1

.0
3

0.
98

0.
97

–0
.9

9

T
im

e 
si

nc
e 

di
ag

no
si

s 
(p

er
 y

ea
r)

1.
01

0.
99

–1
.0

2
1.

01
1.

00
–1

.0
2

0.
98

0.
97

–0
.9

9

N
ot

e.
 S

ol
id

 tu
m

or
s 

in
cl

ud
e 

W
ilm

s 
tu

m
or

 a
nd

 n
eu

ro
bl

as
to

m
a.

 A
dj

us
te

d 
fo

r 
se

x 
an

d 
ra

ce
. R

is
k 

fo
r 

co
m

or
bi

d,
 s

om
at

ic
 a

nd
 a

ff
ec

tiv
e 

cl
us

te
r 

m
em

be
rs

hi
p 

re
fe

re
nc

ed
 to

 th
e 

as
ym

pt
om

at
ic

 c
lu

st
er

. O
R

 a
ss

oc
ia

te
d 

w
ith

 a
ge

 a
t d

ia
gn

os
is

 b
as

ed
 o

n 
ea

ch
 y

ea
r 

ol
de

r, 
an

d 
tim

e 
si

nc
e 

di
ag

no
si

s 
ba

se
d 

on
 e

ac
h 

ye
ar

 f
ro

m
 d

ia
gn

os
is

.

Cancer. Author manuscript; available in PMC 2017 October 15.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

D'Agostino et al. Page 18

Ta
b

le
 5

M
ul

tiv
ar

ia
bl

e 
m

od
el

s 
pr

ed
ic

tin
g 

su
rv

iv
or

 d
is

tr
es

s 
cl

us
te

r 
m

em
be

rs
hi

p:
 tr

ea
tm

en
t a

nd
 s

oc
io

de
m

og
ra

ph
ic

 f
ac

to
rs

R
is

k 
F

ac
to

r
C

om
or

bi
d

So
m

at
ic

A
ff

ec
ti

ve

O
R

95
%

C
I

O
R

95
%

C
I

O
R

95
%

C
I

R
ad

ia
tio

n

  N
on

e
1.

0
1.

0
1.

0

  R
ad

ia
tio

n 
(C

ra
ni

al
 v

s.
 n

on
e)

1.
06

0.
93

–1
.2

0
1.

07
0.

95
–1

.2
1

1.
14

1.
01

–1
.2

8

  R
ad

ia
tio

n 
(N

on
cr

an
ia

l v
s.

 n
on

e)
1.

00
0.

87
–1

.1
6

1.
27

1.
12

–1
.4

4
1.

11
0.

97
–1

.2
6

C
he

m
ot

he
ra

py

  A
nt

im
et

ab
ol

ite
s 

(y
es

 v
s.

 n
o)

1.
02

0.
88

–1
.1

9
1.

19
1.

03
–1

.3
7

1.
04

0.
90

–1
.2

0

  A
nt

hr
ac

yc
lin

e 
(y

es
 v

s.
 n

o)
1.

08
0.

95
–1

.2
3

0.
96

0.
85

–1
.0

9
0.

72
0.

64
–0

.8
1

  A
lk

yl
at

in
g 

ag
en

ts
 (

ye
s 

vs
. n

o)
0.

99
0.

88
–1

.1
2

1.
10

0.
98

–1
.2

3
1.

16
1.

04
–1

.3
0

  S
te

ro
id

s 
(y

es
 v

s.
 n

o)
1.

10
0.

96
–1

.2
6

0.
83

0.
73

–0
.9

4
1.

02
0.

89
–1

.1
5

A
ge

 a
t d

ia
gn

os
is

 (
pe

r 
ye

ar
)

1.
00

0.
99

–1
.0

1
1.

01
1.

00
–1

.0
2

0.
98

0.
97

–0
.9

9

T
im

e 
si

nc
e 

di
ag

no
si

s 
(p

er
 y

ea
r)

1.
00

0.
99

–1
.0

2
1.

01
1.

00
–1

.0
2

0.
98

0.
97

–0
.9

9

N
ot

e.
 A

dj
us

te
d 

fo
r 

se
x 

an
d 

ra
ce

. R
is

k 
fo

r 
co

m
or

bi
d,

 s
om

at
ic

 a
nd

 a
ff

ec
tiv

e 
cl

us
te

r 
m

em
be

rs
hi

p 
re

fe
re

nc
ed

 to
 a

sy
m

pt
om

at
ic

 c
lu

st
er

. O
R

 a
ss

oc
ia

te
d 

w
ith

 a
ge

 a
t d

ia
gn

os
is

 b
as

ed
 o

n 
ea

ch
 y

ea
r 

ol
de

r, 
an

d 
tim

e 
si

nc
e 

di
ag

no
si

s 
ba

se
d 

on
 e

ac
h 

ye
ar

 f
ro

m
 d

ia
gn

os
is

.

Cancer. Author manuscript; available in PMC 2017 October 15.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

D'Agostino et al. Page 19

Ta
b

le
 6

M
ul

tiv
ar

ia
bl

e 
m

od
el

s 
pr

ed
ic

tin
g 

su
rv

iv
or

 c
lu

st
er

 m
em

be
rs

hi
p:

 s
oc

io
ec

on
om

ic
, p

er
ce

iv
ed

 h
ea

lth
, p

ai
n,

 a
nd

 s
oc

io
de

m
og

ra
ph

ic
 f

ac
to

rs

R
is

k 
F

ac
to

r
C

om
or

bi
d

So
m

at
ic

A
ff

ec
ti

ve

O
R

95
%

C
I

O
R

95
%

C
I

O
R

95
%

C
I

E
du

ca
tio

n

  ≥
C

ol
le

ge
 g

ra
du

at
e

1.
0

1.
0

1.
0

  S
om

e 
co

lle
ge

1.
51

1.
29

–1
.7

6
1.

06
0.

93
–1

.2
0

0.
98

0.
87

–1
.1

1

  H
ig

h 
sc

ho
ol

1.
17

0.
97

–1
.4

2
0.

90
0.

77
–1

.0
6

0.
76

0.
65

–0
.8

9

  <
H

ig
h 

sc
ho

ol
1.

28
1.

00
–1

.6
5

1.
18

0.
94

–1
.4

7
1.

22
0.

99
–1

.5
1

M
ar

ita
l S

ta
tu

s

  M
ar

ri
ed

/li
vi

ng
 a

s 
m

ar
ri

ed
1.

0
1.

0
1.

0

  D
iv

or
ce

d/
se

pa
ra

te
d/

w
id

ow
ed

2.
61

2.
13

–3
.2

0
0.

95
0.

77
–1

.1
8

2.
24

1.
85

–2
.7

2

  S
in

gl
e 

ne
ve

r 
m

ar
ri

ed
1.

43
1.

23
–1

.6
5

0.
86

0.
76

–0
.9

7
1.

85
1.

63
–2

.1
0

In
co

m
e

  ≥
80

,0
00

1.
0

1.
0

1.
0

  6
0,

00
0–

79
,0

00
0.

90
0.

73
–1

.1
3

1.
11

0.
94

–1
.3

1
1.

12
0.

95
–1

.3
2

  4
0,

00
0–

59
,9

99
1.

18
0.

98
–1

.4
3

1.
15

0.
99

–1
.3

5
1.

21
1.

04
–1

.4
1

  2
0,

00
0–

39
,0

00
1.

14
0.

94
–1

.3
7

1.
11

0.
95

–1
.3

0
1.

11
0.

95
–1

.2
9

  <
20

,0
00

1.
60

1.
32

–1
.9

5
1.

16
0.

97
–1

.3
9

1.
23

1.
04

–1
.4

6

In
su

ra
nc

e 
(y

es
 v

s.
 n

o)
0.

62
0.

53
–0

.7
2

0.
82

0.
70

–0
.9

5
0.

70
0.

60
–0

.8
0

Pe
rc

ei
ve

d 
H

ea
lth

  E
xc

el
le

nt
1.

0
1.

0
1.

0

  V
er

y 
go

od
2.

78
2.

05
–3

.7
7

1.
90

1.
57

–2
.2

9
1.

87
1.

58
–2

.2
1

  G
oo

d
8.

42
6.

28
–1

1.
29

3.
63

3.
01

–4
.3

8
2.

97
2.

51
–3

.5
1

  F
ai

r/
po

or
31

.6
6

23
.1

3–
43

.3
4

8.
97

7.
17

–1
1.

23
5.

59
4.

48
–6

.9
7

Pa
in

  N
o 

pa
in

1.
0

1.
0

1.
0

  H
ea

da
ch

e
3.

24
2.

84
–3

.7
0

2.
53

2.
25

–2
.8

4
1.

53
1.

36
–1

.7
3

  B
od

ily
 p

ai
n

3.
95

3.
15

–4
.9

6
3.

97
3.

26
–4

.8
3

1.
92

1.
54

–2
.4

0

Se
x 

(f
em

al
e 

vs
. m

al
e)

1.
20

1.
06

–1
.3

7
1.

47
1.

32
–1

.6
4

1.
04

0.
94

–1
.1

6

Cancer. Author manuscript; available in PMC 2017 October 15.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

D'Agostino et al. Page 20

R
is

k 
F

ac
to

r
C

om
or

bi
d

So
m

at
ic

A
ff

ec
ti

ve

O
R

95
%

C
I

O
R

95
%

C
I

O
R

95
%

C
I

R
ac

e

  W
hi

te
1.

0
1.

0
1.

0

  B
la

ck
0.

46
0.

35
–0

.6
2

0.
94

0.
75

–1
.1

7
0.

58
0.

45
–0

.7
4

  O
th

er
1.

03
0.

81
–1

.3
1

0.
98

0.
78

–1
.2

3
0.

81
0.

65
–1

.0
2

A
ge

0.
99

0.
98

–1
.0

1
0.

99
0.

98
–1

.0
0

1.
00

0.
99

–1
.0

1

N
ot

e.
 R

is
k 

fo
r 

co
m

or
bi

d,
 s

om
at

ic
 a

nd
 a

ff
ec

tiv
e 

cl
us

te
r 

m
em

be
rs

hi
p 

re
fe

re
nc

ed
 to

 a
sy

m
pt

om
at

ic
 c

lu
st

er
. O

R
 a

ss
oc

ia
te

d 
w

ith
 a

ge
 b

as
ed

 o
n 

ea
ch

 y
ea

r 
ol

de
r.

Cancer. Author manuscript; available in PMC 2017 October 15.


	Abstract
	Abbreviated abstract
	METHODS
	Population
	Measures
	Data Analyses

	RESULTS
	Comorbidity Patterns
	Comorbidity Predictors

	DISCUSSION
	References
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	Table 6

