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Abstract

Although epidemiologic studies have examined the risk of amyotrophic lateral sclerosis (ALS) in

relation to cancer, none have been large population-based studies using incident ALS and

adjusting for medical surveillance. Addressing those limitations, we used all first primary cancer

cases from the Surveillance, Epidemiology and End Results (SEER) Program (1992–2005), linked

to Medicare claims data. Cases were followed from cancer diagnosis until the earliest date of ALS

diagnosis, a break in Medicare claims data, death, age 85 or December 31, 2005. We selected a

comparison group from a 5% random Medicare sample in the SEER areas who were cancer-free

and censored as above, or until a cancer diagnosis. ALS outcomes were derived from medical

claims. We used proportional hazards models to estimate ALS hazard ratios (HRs), using age as

the time scale, adjusting for sex, race, and physician visits, and stratifying the baseline hazard on

birth year and SEER registry. A total of 303 ALS cases were ascertained in cancer patients

(2,154,062 person-years) compared to 246 ALS cases (2,467,634 person-years) in the reference

population. There was no overall relationship between cancer and ALS (HR = 0.99; 95% CI =

0.81–1.22), nor by gender or race. Except for an elevated ALS risk in the first year after a

leukemia diagnosis, the relationship between site-specific cancers and ALS was null after

correcting for multiple comparisons. Having a cancer diagnosis was not associated with an overall

risk of incident ALS. The short-term ALS risk after leukemia may reflect screening or reporting

errors.
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Introduction

Several studies suggest an inverse relationship between cancer incidence and the two most

common neurodegenerative diseases, Parkinson’s disease1–3 and Alzheimer’s disease.4–5

The relationship between cancer and neurodegenerative diseases could potentially provide

insight into underlying pathophysiologic mechanisms for the two sets of diseases because of

related, but seemingly inverse, disease processes: at a simple level, cancer involves

resistance to cell death whereas neurodegenerative diseases relate to premature cell (neuron)

death.6–8

A number of epidemiologic studies have also examined cancer in relation to another

neurodegenerative disease, amyotrophic lateral sclerosis (ALS). Although these studies

generally observed no association between cancer and ALS, most were limited by small

size,9–10 non-population-based controls,11 or reliance on mortality data as a surrogate for

incident ALS.12 None, to our knowledge, has taken into account the intensity of medical

surveillance preceding ALS diagnosis.9–13 To explore whether there is a link between

cancer and ALS, we examined the risk of incident ALS among a large group of Medicare

patients residing within the Surveillance, Epidemiology and End-Results (SEER) Program

registry areas using a database that allowed controlling for the frequency of physician visits,

a surrogate for medical surveillance.

Materials and Methods

We used all first primary cancer cases from the SEER Program (1992–2005) from 16

registries, linked to Medicare health insurance claims data. The SEER program includes

population-based state and metropolitan cancer registries, which cover about one-quarter of

the U.S. population.14 Medicare is a federal health insurance program that covers 97% of the

U.S. population who are 65 or older. All Medicare beneficiaries are entitled to Part A for

hospital care and 96% of beneficiaries subscribe to Part B for physician and outpatient

care.14 In addition, Medicare data were also available for a 5% random sample of Medicare

beneficiaries from the SEER areas.14 Information on medical conditions and procedures

were derived from claims filed by medical providers for Medicare reimbursement. Medicare

beneficiaries enrolled in health maintenance organizations (HMO), which provide capitated

care, were excluded from the current study because HMO providers are not required to

submit individual claims to Medicare. Therefore data were not available on medical

conditions or procedures for the HMO patients.15

Primary cancer cases diagnosed at age 66 or older were included if they had 13 months of

continuous Medicare coverage prior to cancer diagnosis (with full claim information, i.e.,

Parts A and B, non-HMO) and did not have a prior diagnosis of ALS (recorded by

Medicare). Cases were followed from age at cancer diagnosis until the earliest age of ALS

diagnosis, discontinuation of Part B Medicare coverage (physician’s visits), transfer to an

HMO (and thus unavailable claims data), death, attaining age 85 or December 31, 2005. We

did not include health outcomes beyond age 85 because of potential under-ascertainment of

medical conditions in the oldest elderly.16 We selected a comparison group from a 5%

random sample of the Medicare population in the SEER areas (1992–2005) who were
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initially cancer-free, and met the other eligibility criteria for cases. Individuals in the cancer-

free group were followed from their earliest eligibility age and censored as above, or until a

cancer diagnosis. ALS outcomes were ascertained based on at least one hospital claim or at

least two physician/ outpatient claims 30 days apart using the International Classification of

Diseases, ninth revision (ICD-9) diagnostic code 335.2. Although this code category

corresponds to motor neuron disease (MND), previous large population-based studies have

used it to identify ALS because it is the dominate subtype and accounts for about 90% of

MND deaths.17 For ALS cases the date of ALS diagnosis was defined as the earliest of the

claims dates.

We used Cox proportional hazards models, with age as the time metric, to estimate the

hazard ratio (HR) of developing ALS by cancer status. Models were adjusted for sex, race,

and frequency of physician visits and the baseline hazard was stratified on birth year and

cancer registry (to account for potential secular trends and geographic differences in

recording practices/ underlying rates respectively). We assessed the relationship stratified by

race, sex, and age category, as well as after diagnosis with site-specific cancers. ALS risks

were analyzed over several time intervals following cancer diagnosis:<1 year; 1–<5 years;

5–<10 years; and 0–<10 years, to examine separately the initial post-diagnosis period when

cancer patients would be under especially close medical surveillance compared to non-

cancer patients. Because cancer patients often receive ongoing medical surveillance and care

for many years after the initial cancer diagnosis, which could increase the likelihood of ALS

diagnosis, we adjusted for the number of physician visits as a surrogate for medical

surveillance. Physician “visits,” a maximum of one per day, were counted during six-month

intervals between the cancer/selection date and ALS/censor date, but excluding the six

month intervals encompassing the start date and the interval in which ALS was diagnosed.

Six month intervals began in January and July of each year; thus medical visits were not

adjusted for during a part of the interval in which the cancer and ALS diagnoses occurred,

which was no greater than six months. Claims by physicians considered to have limited

responsibility for direct patient care (e.g., radiologists, anesthesiologists, pathologists) were

not included. In models physician visits were categorized as 0, 1–5, 6–10, >10 visits per six

month interval.

Only cancer sites for which there were 10 or more ALS cases diagnosed were presented,

with the exception of melanoma, which was included because it had been reported as

positively associated with ALS mortality.12, 18

We also evaluated the relationship between cancer and subsequent injuries due to an auto

accident (ICD-9 E810–819), which we expected to be null. Injuries due to auto accidents

were based on either one hospital visit or one outpatient visit (rather than two) because of

the acute nature of the injury. This association was intended to serve as a “control” to help

evaluate whether the study design operated as we would have predicted when no

relationship with cancer was expected.

We applied the Bonferroni correction method to account for the multiple comparisons made

in the study.
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Results

A total of 303 ALS cases were ascertained in 758,898 cancer patients over 2.15 million

person-years compared to 246 ALS cases in 422,686 persons (2.47 million person-years) in

the comparison population.

There was no risk for ALS after all cancers combined in the 10-year follow-up period (HR=

0.99; 95% confidence interval (CI) = 0.81–1.22)(table 1). In the first year after diagnosis of

all cancers, ALS risk was elevated (HR = 1.98; 95% CI 1.10–3.57), but in subsequent years

the risk of ALS after cancer was reduced (table 1). We present risks unadjusted for doctors’

visits in supplementary table 1, which shows that adjusting for the frequency of medical

visits reduced the magnitude of the HRs observed.

Overall, there was no relationship between cancer and ALS in any subcategory: men,

women, whites, or non-whites (table 1). Although the risk of ALS after cancer was also null

in strata defined by age at cancer diagnosis, the magnitude of the (non-significant) 10-year

risks declined with advancing age from 1.19 (95% CI = 0.84–1.67) for those aged 66–70

years at cancer diagnosis to 0.82 (95% CI = 0.49–1.38) for those aged ≥80 years

ALS risk was not generally associated with the individual cancer sites examined, including

breast cancer, colon cancer, prostate cancer and melanoma (table 2). The exception was

ALS after a diagnosis for leukemia. Because of the 10-fold increased risk in the first year

after leukemia, over the full 10-year follow-up period there was a two-fold increased risk of

ALS, despite the risk being substantially reduced after the first year. The 10-year risk of

ALS after leukemia was not statistically significant after correction for multiple testing,

while the risk of ALS in the first year after leukemia remained statistically significantly

elevated.

We also examined the association between ALS and all cancers excluding leukemia.

Excluding leukemia reduced the overall HR somewhat in the first year to HR = 1.54 (95%

CI 0.82–2.86). Overall the HR remained null, HR=0.93 (95% CI=0.76–1.15) when ALS

cases after all cancers other than leukemia were analyzed (data not shown).

When we examined the relationship between auto accident injuries following cancer

diagnosis, we found no association, as expected for this comparison condition. For the 10-

year follow-up period, the HR was 1.03 (0.95% CI = 0.98–1.07).

Discussion

In this large, population-based study of incident ALS risk after cancer in elderly Medicare

patients, we found an elevated ALS risk in the first year after diagnosis of all cancers

combined, but no association overall. There was no association between combined cancer

and ALS for all years across race, sex or age groups. Associations between ALS and specific

cancer sites were also null over the extended (10-year period), after correcting for multiple

comparisons. The only association that remained statistically significant was in the first year

following leukemia diagnosis. That we found no association between cancer diagnosis and
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subsequent injuries due to auto accidents supports the validity of the study design to

examine the risk of medical conditions such as ALS following cancer.

The elevated ALS risk in the first year after leukemia diagnosis may reflect ascertainment

bias due to increased medical review. Blood work-ups associated with early non-specific

symptoms of ALS, such as fatigue, could result in early cancer diagnoses, particularly of

leukemia, and subsequent ALS diagnosis as ALS signs and symptoms progress to satisfy

diagnostic criteria. Also, as noted, we did not adjust for medical visits during the initial six

month period in which the leukemia diagnosis occurred. It is also possible that transcription

errors contributed to the elevated risks observed. A majority of the ALS cases following

leukemia occurred subsequent to a specific histologic-type, AML, and recording errors

transcribing “AML” from “ALS” have been seen on death certificates.19 Our review of

death certificate data for the subjects with both leukemia and subsequent claims for ALS

showed that only one of the death certificates with available data listed ALS as a cause of

death. This is not evidence of error inasmuch as leukemia is also potentially highly fatal, but

it is consistent with possible errors on some claims for ALS.

By linking Medicare data to SEER, we were able to use incident ALS rather than mortality

outcomes, which helped illuminate the temporal relationship between cancer and ALS. Both

U.S.12 and Australian18 population-based studies using ALS deaths as outcomes found

elevated risks of ALS mortality after melanoma, but these studies could not define the

interval or temporal relationship between melanoma and ALS diagnoses, and thus could not

confidently evaluate the sequence of diseases or the likelihood that screening for one disease

led to detection of the other. In the present study using ALS incident outcomes, we found no

relationship between melanoma and ALS. This may simply be a chance finding given the

small number of cases with both melanoma and ALS diagnoses. It could, however, reflect a

true null relationship if an elevated relationship between melanoma and ALS, such as

previously seen,12 exists only when melanoma is found in the course of an ALS work-up

and thus ALS actually precedes the melanoma. Under these circumstances, we would not

expect to see a heightened ALS risk because we examined the initial diagnosis of ALS after

melanoma. The recent Swedish registry study by Fang et al.13 found an elevated ALS risk

confined to the first year after melanoma diagnosis. However, because Fang et al. relied

mainly on hospital discharge data to identify ALS, not the earliest physician diagnosis, it is

not possible to know whether the ALS diagnoses preceded the melanoma or vice versa.

Thus, the results of the present study are not necessarily inconsistent with Fang et al., but

they do not support an elevated risk of ALS after melanoma.

In an earlier study of cancer and ALS mortality in the U.S., the only significant inverse

relationship that was observed was between prostate cancer and subsequent ALS death.12 In

the present report ALS incidence was not related to prostate cancer; thus, the current

findings do not argue for a special relationship between prostate cancer and ALS.

As noted, risks were null in all age groups (over the 10-year follow-up) but lowest, although

non-significantly, in the oldest age group. The declining risk relationship may reflect

decreased efforts to detect some diseases in the aged, particularly those that share some

hallmarks of frailty, such as ALS.
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Strengths of this study include its large size (nearly 5 million person-years), the availability

of incident ALS cases identified by physician visits as well as hospital stays, the inclusion of

a population with multiple races, and access to data on the frequency of physician visits, so

as to control for the intensity of medical surveillance. A key limitation is the difficulty of

assessing risk for individual cancer sites and sub-populations given the rarity of ALS. Other

limitations include the restricted age range of the Medicare population and the fact that the

likelihood of medical work-ups for ALS may vary depending on age and the fatality of the

cancer. Medicare also lacks information on potential covariates, but there are few known

risk factors for ALS. In addition, the generalizability of the study may be limited slightly by

the fact that Medicare beneficiaries who participate in HMOs were excluded, although we

note that during a major part of the study period (1996–2005) the average percentage of

participants in HMOs was relatively low (<14%) and differences between the HMO and

non-HMO populations that were observed (on race and age) were small.20

In sum, in this large prospective study of the relationship between ALS following cancer we

found that having a cancer diagnosis was not associated with a lower risk of incident ALS.

Except for the elevated risk of ALS in the first year after a leukemia diagnosis, which may

reflect heightened screening or reporting errors, the relationship between site-specific

cancers and ALS was null after correcting for multiple comparisons.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

This research was supported by the Intramural Research Program of the National Institutes of Health, National
Cancer Institute, and the U.S. Public Health Service. We thank Drs. Barry Graubard, William Anderson, and Joan
Warren for their thoughtful contributions to this study and Ms. Winnie Ricker and Ms. Laura Bowen of Information
Management Services, Inc. for biomedical computer assistance.

Abbreviations

ALS amyotrophic lateral sclerosis

SEER Surveillance, Epidemiology and End Results

HR hazards ratio

CI confidence interval

HMO health maintenance organizations

References

1. Bajaj A, Driver JA, Schernhammer ES. Parkinson’s disease and cancer risk: a systematic review and
meta-analysis. Cancer Causes Control. 2010; 21:697–707. [PubMed: 20054708]

2. Rugbjerg K, Friis S, Lassen CF, Ritz B, Olsen JH. Malignant melanoma, breast cancer and other
cancers in patients with Parkinson’s disease. Int J Cancer. 2012; 131:1904–11. [PubMed:
22278152]

Freedman et al. Page 6

Int J Cancer. Author manuscript; available in PMC 2015 October 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



3. Becker C, Brobert GP, Johansson S, Jick SS, Meier CR. Cancer risk in association with Parkinson
disease: a population-based study. Parkinsonism Relat Disord. 2010; 16:186–90. [PubMed:
19945903]

4. Roe CM, Fitzpatrick AL, Xiong C, Sieh W, Kuller L, Miller JP, Williams MM, Kopan R, Behrens
MI, Morris JC. Cancer linked to Alzheimer disease but not vascular dementia. Neurology. 2010;
74:106–12. [PubMed: 20032288]

5. Driver JA, Beiser A, Au R, Kreger BE, Splansky GL, Kurth T, Kiel DP, Lu KP, Seshadri S, Wolf
PA. Inverse association between cancer and Alzheimer’s disease: results from the Framingham
Heart Study. BMJ. 2012; 344:e1442. [PubMed: 22411920]

6. Plun-Favreau H, Lewis PA, Hardy J, Martins LM, Wood NW. Cancer and neurodegeneration:
between the devil and the deep blue sea. PLoS Genet. 2010; 6:e1001257. [PubMed: 21203498]

7. West AB, Dawson VL, Dawson TM. To die or grow: Parkinson’s disease and cancer. Trends
Neurosci. 2005; 28:348–52. [PubMed: 15913799]

8. Tabares-Seisdedos R, Dumont N, Baudot A, Valderas JM, Climent J, Valencia A, Crespo-Facorro
B, Vieta E, Gomez-Beneyto M, Martinez S, Rubenstein JL. No paradox, no progress: inverse cancer
comorbidity in people with other complex diseases. Lancet Oncol. 2011; 12:604–8. [PubMed:
21498115]

9. Chio A, Brignolio F, Meineri P, Rosso MG, Tribolo A, Schiffer D. Motor neuron disease and
malignancies: results of a population-based study. J Neurol. 1988; 235:374–5. [PubMed: 3171620]

10. Zisfein J, Caroscio JT. No association of amyotrophic lateral sclerosis with cancer. Mt Sinai J
Med. 1988; 55:159–61. [PubMed: 3260344]

11. Fois AF, Wotton CJ, Yeates D, Turner MR, Goldacre MJ. Cancer in patients with motor neuron
disease, multiple sclerosis and Parkinson’s disease: record linkage studies. J Neurol Neurosurg
Psychiatry. 2010; 81:215–21. [PubMed: 19726405]

12. Freedman DM, Curtis RE, Daugherty SE, Goedert JJ, Kuncl RW, Tucker MA. The association
between cancer and amyotrophic lateral sclerosis. Cancer Causes Control. 2013; 24:55–60.
[PubMed: 23090035]

13. Fang F, Al-Chalabi A, Ronnevi LO, Turner MR, Wirdefeldt K, Kamel F, Ye W. Amyotrophic
lateral sclerosis and cancer: A register-based study in Sweden. Amyotroph Lateral Scler
Frontotemporal Degener. 2013

14. Warren JL, Klabunde CN, Schrag D, Bach PB, Riley GF. Overview of the SEER-Medicare data:
content, research applications, and generalizability to the United States elderly population. Med
Care. 2002; 40:IV-3-18.

15. Engels EA, Pfeiffer RM, Ricker W, Wheeler W, Parsons R, Warren JL. Use of surveillance,
epidemiology, and end results-medicare data to conduct case-control studies of cancer among the
US elderly. Am J Epidemiol. 2011; 174:860–70. [PubMed: 21821540]

16. Fraumeni, JFJ. Introduction. In: Curtis, RE.; Freedman, DM.; Ron, E.; Ries, LAG.; Hacker, DG.;
Edwards, BK.; Tucker, MA.; Fraumeni, JF., editors. New Malignancies among cancer survivors:
SEER Cancer Registries, 1973–2000. Bethesda: National Cancer Institute; 2006.

17. Leone M, Chandra V, Schoenberg BS. Motor neuron disease in the United States, 1971 and 1973–
1978: patterns of mortality and associated conditions at the time of death. Neurology. 1987;
37:1339–43. [PubMed: 3614653]

18. Baade PD, Fritschi L, Freedman DM. Mortality due to amyotrophic lateral sclerosis and
Parkinson’s disease among melanoma patients. Neuroepidemiology. 2007; 28:16–20. [PubMed:
17164565]

19. Freedman DM, Travis LB, Gridley G, Kuncl RW. Amyotrophic lateral sclerosis mortality in 1. 9
million US cancer survivors. Neuroepidemiology. 2005; 25:176–80. [PubMed: 16103728]

20. Nicholas, LH. Who joins Medicare Managed Care? Voluntary enrollment and positive selection.
Population Studies Center, Institute for Social Research, University of Michigan; 2009.

Freedman et al. Page 7

Int J Cancer. Author manuscript; available in PMC 2015 October 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Freedman et al. Page 8

T
ab

le
 1

H
az

ar
ds

 R
at

io
 (

H
R

) 
fo

r 
am

yo
tr

op
hi

c 
la

te
ra

l s
cl

er
os

is
 (

A
L

S)
 a

ft
er

 f
ir

st
 p

ri
m

ar
y 

ca
nc

er
 d

ia
gn

os
is

, 1
99

2–
20

05
1

<1
 y

ea
r 

fo
llo

w
-u

p
1–

<5
 y

ea
r 

fo
llo

w
-u

p
5–

<1
0 

ye
ar

 f
ol

lo
w

-u
p

0–
<1

0 
ye

ar
 f

ol
lo

w
-u

p

co
nt

ro
l2  

(n
)

ca
se

2  
(n

)
H

R
95

%
 C

I
co

nt
ro

l (
n)

ca
se

 (
n)

H
R

95
%

 C
I

co
nt

ro
l (

n)
ca

se
 (

n)
H

R
95

%
 C

I
co

nt
ro

l (
n)

ca
se

 (
n)

H
R

95
%

 C
I

O
ve

ra
ll

37
94

1.
98

1.
10

–3
.5

7
96

16
2

0.
74

0.
51

–1
.0

7
11

3
47

0.
56

0.
35

–0
.9

0
24

6
30

3
0.

99
0.

81
–1

.2
2

Se
x

 
M

en
17

64
2.

81
1.

33
–5

.9
6

49
11

4
0.

80
0.

50
–1

.3
0

60
32

0.
74

0.
42

–1
.3

2
12

6
21

0
1.

10
0.

84
–1

.4
3

 
W

om
en

20
30

1.
16

0.
44

–3
.0

9
47

48
0.

65
0.

35
–1

.1
9

53
15

0.
31

0.
13

–0
.7

5
12

0
93

0.
83

0.
59

–1
.1

5

R
ac

e

 
W

hi
te

32
77

2.
03

1.
05

–3
.9

1
83

14
0

0.
69

0.
46

–1
.0

4
10

0
41

0.
54

0.
33

–0
.9

0
21

5
25

8
0.

92
0.

74
–1

.1
5

 
N

on
-w

hi
te

*
*

1.
74

0.
44

–6
.8

6
13

22
0.

88
0.

33
–2

.3
5

*
*

0.
76

0.
17

–3
.3

1
31

45
1.

58
0.

90
–2

.7
9

A
ge

 a
t c

an
ce

r 
di

ag
no

si
s,

 (
ye

ar
s)

 
66

–<
70

22
24

2.
32

1.
04

–5
.1

8
46

36
0.

84
0.

47
–1

.4
9

58
12

0.
52

0.
24

–1
.1

4
12

6
72

1.
19

0.
84

–1
.6

7

 
70

–<
80

25
55

1.
92

0.
89

–4
.1

2
86

11
6

0.
84

0.
56

–1
.2

6
97

35
0.

58
0.

35
–0

.9
8

20
8

20
6

0.
93

0.
74

–1
.1

7

 
≥ 

80
21

*
1.

32
0.

49
–3

.5
6

43
*

0.
59

0.
28

–1
.2

5
.

.
.

.
64

25
0.

82
0.

49
–1

.3
8

1 M
od

el
s 

ha
ve

 b
ee

n 
ad

ju
st

ed
 f

or
 r

ac
e,

 s
ex

 a
nd

 n
um

be
r 

of
 d

oc
to

rs
’ 

vi
si

ts
, s

tr
at

if
ie

d 
on

 b
ir

th
 y

ea
r 

an
d 

ca
nc

er
 r

eg
is

tr
y 

ar
ea

, e
xc

ep
t t

ha
t s

ex
 w

as
 n

ot
 a

dj
us

te
d 

fo
r 

in
 th

e 
su

bp
op

ul
at

io
n 

ba
se

d 
on

 s
ex

, n
or

 r
ac

e,
 in

th
e 

su
bp

op
ul

at
io

n 
de

fi
ne

d 
by

 r
ac

e.
 T

he
re

 w
er

e 
a 

to
ta

l o
f 

75
8,

89
8 

ca
nc

er
 p

at
ie

nt
s 

an
d 

42
2,

68
6 

pe
rs

on
s 

in
 th

e 
co

m
pa

ri
so

n 
po

pu
la

tio
n.

 D
at

a 
so

ur
ce

 is
 S

E
E

R
-M

ed
ic

ar
e.

* C
el

l s
iz

es
 w

ith
 n

um
be

rs
 le

ss
 th

an
 1

1 
or

 th
at

 a
llo

w
 d

er
iv

at
io

n 
of

 n
um

be
rs

 le
ss

 th
an

 1
1 

ar
e 

su
pp

re
ss

ed
 d

ue
 to

 S
E

E
R

-M
ed

ic
ar

e 
D

at
a 

U
se

 P
ol

ic
y.

Int J Cancer. Author manuscript; available in PMC 2015 October 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Freedman et al. Page 9

T
ab

le
 2

H
az

ar
ds

 r
at

io
s 

(H
R

) 
fo

r 
am

yo
tr

op
hi

c 
la

te
ra

l s
cl

er
os

is
 (

A
L

S)
 a

ft
er

 f
ir

st
 p

ri
m

ar
y 

si
te

-s
pe

ci
fi

c 
ca

nc
er

 d
ia

gn
os

is
 (

19
92

–2
00

5)
1

<1
 y

ea
r 

fo
llo

w
-u

p
1–

<5
 y

ea
r 

fo
llo

w
-u

p
5–

<1
0 

ye
ar

 f
ol

lo
w

-u
p

0–
<1

0 
ye

ar
 f

ol
lo

w
-u

p

co
nt

ro
l2

 (
n)

ca
se

2  
(n

)
H

R
95

%
 C

I
co

nt
ro

l (
n)

ca
se

 (
n)

H
R

95
%

 C
I

co
nt

ro
l (

n)
ca

se
 (

n)
H

R
95

%
 C

I
co

nt
ro

l (
n)

ca
se

 (
n)

H
R

95
%

 C
I

C
an

ce
r 

si
te

:

O
ra

l c
av

ity
3

37
*

-
-

96
*

0.
78

0.
15

–3
.9

3
11

3
*

-
-

24
6

*
0.

50
0.

12
–2

.0
6

C
ol

on
37

*
0.

48
0.

10
–2

.2
3

96
*

0.
36

0.
14

–0
.9

1
11

3
*

0.
74

0.
25

–2
.2

1
24

6
20

0.
63

0.
38

–1
.0

5

R
ec

tu
m

4
37

*
2.

07
0.

55
–7

.8
4

96
*

1.
07

0.
43

–2
.6

9
11

3
*

0.
94

0.
21

–4
.2

1
24

6
17

1.
47

0.
85

–2
.5

3

L
un

g/
 b

ro
nc

hu
s

37
*

0.
36

0.
10

–1
.2

2
96

*
0.

37
0.

12
–1

.1
8

11
3

0
.

.
24

6
12

0.
55

0.
30

–1
.0

0

B
re

as
t

20
*

0.
68

0.
17

–2
.6

3
47

20
0.

69
0.

31
–1

.5
4

53
*

0.
40

0.
14

–1
.1

8
12

0
37

0.
83

0.
54

–1
.2

9

Pr
os

ta
te

17
22

1.
53

0.
51

–4
.5

4
49

69
0.

92
0.

54
–1

.5
6

60
23

0.
76

0.
40

–1
.4

4
12

6
11

4
1.

00
0.

74
–1

.3
6

B
la

dd
er

37
*

0.
82

0.
24

–2
.8

8
96

*
0.

81
0.

34
–1

.9
5

11
3

*
0.

39
0.

09
–1

.7
7

24
6

18
0.

81
0.

48
–1

.3
9

M
el

an
om

a5
32

*
1.

21
0.

18
–8

.1
5

83
*

0.
86

0.
27

–2
.7

3
10

0
*

0.
29

0.
03

–2
.3

7
21

5
*

0.
75

0.
34

–1
.6

5

L
eu

ke
m

ia
6

37
*

10
.4

0
3.

54
–3

0.
44

96
*

0.
44

0.
09

–2
.0

9
11

3
0

.
.

24
6

12
2.

06
1.

11
–3

.8
1

1 M
od

el
s 

ha
ve

 b
ee

n 
ad

ju
st

ed
 f

or
 r

ac
e,

 s
ex

 a
nd

 n
um

be
r 

of
 d

oc
to

rs
’ 

vi
si

ts
, s

tr
at

if
ie

d 
on

 b
ir

th
 y

ea
r 

an
d 

ca
nc

er
 r

eg
is

tr
y 

ar
ea

. T
he

re
 w

er
e 

a 
to

ta
l o

f 
75

8,
89

8 
ca

nc
er

 p
at

ie
nt

s 
co

m
pa

re
d 

to
 4

22
,6

86
 p

er
so

ns
 in

 th
e

co
m

pa
ri

so
n 

po
pu

la
tio

n.
 D

at
a 

so
ur

ce
 is

 S
E

E
R

 M
ed

ic
ar

e.

2 n 
=

 N
um

be
r 

of
 A

L
S 

ca
se

s.

3 In
cl

ud
es

 to
ng

ue
, f

lo
or

 o
f 

m
ou

th
, g

um
 a

nd
 m

ou
th

, t
on

si
l, 

or
op

ha
ry

nx
, h

yp
op

ha
ry

nx
.

4 In
cl

ud
es

 r
ec

tu
m

 a
nd

 r
ec

to
si

gm
oi

d 
ju

nc
tio

n.

5 L
im

ite
d 

to
 w

hi
te

s.

6 T
he

 H
R

 f
or

 le
uk

em
ia

 in
 th

e 
pe

ri
od

 <
1 

ye
ar

 o
f 

fo
llo

w
-u

p 
is

 th
e 

on
ly

 v
al

ue
 th

at
 r

em
ai

ne
d 

st
at

is
tic

al
ly

 s
ig

nf
ic

an
t a

ft
er

 a
pp

ly
in

g 
th

e 
m

ul
tip

le
 c

om
pa

ri
so

ns
 c

or
re

ct
io

n.

* C
el

l s
iz

es
 w

ith
 n

um
be

rs
 le

ss
 th

an
 1

1 
or

 th
at

 a
llo

w
 d

er
iv

at
io

n 
of

 n
um

be
rs

 le
ss

 th
an

 1
1 

ar
e 

su
pp

re
ss

ed
 d

ue
 to

 S
E

E
R

-M
ed

ic
ar

e 
D

at
a 

U
se

 P
ol

ic
y.

Int J Cancer. Author manuscript; available in PMC 2015 October 01.


