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Abstract

Background—Certain medical conditions affect risk of non-Hodgkin lymphoma (NHL), but
the full range of associations is unknown. We implemented a novel method (“medical condition-
wide association study,” MedWAS) to comprehensively evaluate medical risk factors for NHL
documented in administrative health claims.

Methods—Using SEER-Medicare data, we conducted a case-control study comparing NHL
cases (N=52,691, age 66+ years, with five subtypes: chronic lymphocytic leukemia/small
lymphocytic lymphoma [CLL/SLL], diffuse large B-cell lymphoma [DLBCL], follicular
lymphoma, marginal zone lymphoma [MZL], T-cell lymphoma [TCL]) to controls
(N=200,000).We systematically screened for associations with 5926 medical conditions
documented in Medicare claims more than one year before selection.

Results—Fifty-five conditions were variously associated with NHL. Examples include well-
established associations of human immunodeficiency virus, solid organ transplantation, and
hepatitis C virus with increased DLBCL risk (odds ratios [ORs] 3.83, 4.27, and 1.74, respectively),
and autoimmune conditions with DLBCL and MZL (e.g., ORs of 2.10 and 4.74, respectively, for
Sjogren syndrome). Risks for all NHL subtypes were increased after diagnoses of non-melanoma
skin cancer (ORs 1.19-1.55), actinic keratosis (1.12-1.25), or hemolytic anemia (1.64-4.07). Nine
additional skin conditions increased only TCL risk (ORs 2.20-4.12). Diabetes mellitus was
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associated with increased DLBCL risk (OR 1.09). Associations varied significantly across NHL
subtypes for 49 conditions (89%).

Conclusion—Using an exploratory method, we found numerous medical conditions
associated with NHL risk, and many associations varied across NHL subtypes.

Impact—These results point to etiologic heterogeneity among NHL subtypes. MedWAS is a
new method for assessing the etiology of cancer and other diseases.

Keywords

non-Hodgkin lymphoma; human immunodeficiency virus; solid organ transplantation;
autoimmune conditions; non-melanoma skin cancer

Introduction

Non-Hodgkin lymphoma (NHL) is a common malignancy, with 465,000 incident cases
worldwide in 2013 (1). Incidence rises with age, and 57% of US cases occur after age 65
years (2). Although considered a single entity for descriptive purposes, NHL comprises a
group of heterogeneous subtypes with distinct clinical presentations and, as is increasingly
recognized, differing causal pathways (i.e., etiologic heterogeneity) (3). Common NHL
subtypes include tumors derived from B-cells such as diffuse large B-cell lymphoma
(DLBCL), chronic lymphocytic leukemia/small lymphocytic lymphoma (CLL/SLL),
follicular lymphoma (FL), and marginal zone lymphoma (MZL). T-cell lymphomas (TCLS)
are less common.

Among the strongest risk factors for NHL are medical conditions, including those associated
with immune dysfunction and chronic infections. For example, immunosuppression due to
human immunodeficiency virus (HIV) infection or solid organ transplantation greatly
increases NHL risk (4,5). Immunosuppression facilitates activation of Epstein-Barr virus
infection, which contributes especially to DLBCL. Autoimmune diseases such as
rheumatoid arthritis, systemic lupus erythematosus, and Sjégren syndrome increase risk for
DLBCL and MZL (6). These medical conditions are thought to promote the development of
NHL by causing long-term immune activation. Treatment of these conditions by
immunosuppressive medications also likely contributes. In contrast, medical risk factors for
CLL/SLL and FL are not clearly established.

Large administrative databases provide a valuable resource for examining associations
between medical risk factors and cancer. We have previously used the SEER-Medicare
database (described below) to conduct case-control studies among the US elderly
population, assessing associations between various medical conditions and cancers such as
NHL, leukemias, and skin cancers (7-10). Strengths of SEER-Medicare include availability
of data from cancer registries (which provide reliable case ascertainment and detailed
information on cancer subtypes), its large size (i.e., 1.6 million cancer cases diagnosed in
1991-2009), and information on medical risk factors detailed in Medicare claims beginning
at age 65 (11). Until now, SEER-Medicare has been used to evaluate a limited number of
medical risk factors for cancer (7-10,12-15), selected based on previously published
findings or plausible biological mechanisms.
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A comprehensive assessment of medical conditions in association with cancer would be an
attractive new approach to characterizing a wide spectrum of risk factors. Using claims data,
for example, this could be done by separately evaluating associations with every medical
condition specified by billing codes. We term this novel approach “MedWAS,” for “medical
condition-wide association study,” given its use of a broadly agnostic assessment that is a
feature of genome-wide association studies (GWAS). One might anticipate that a MedWAS
assessment of all medical conditions could uncover previously unsuspected associations
with cancer, which would then prompt an investigation into possible biological mechanisms.
A comprehensive assessment might also uncover a diversity of conditions associated with
different cancer subtypes, providing evidence for etiologic heterogeneity.

In the present study, we implement this new MedWAS approach using SEER-Medicare data
to assess potential risk factors for five subtypes of NHL. We demonstrate the utility of this
method for characterizing the spectrum of medical risk factors for NHL, assessing etiologic
heterogeneity among NHL subtypes, and identifying new medical conditions associated with
NHL. Given the large multiplicity of testing, we emphasize the exploratory nature of this
approach. We review possible etiologic and artifactual explanations for associations that we
uncover.

Materials and Methods

Subject selection and ascertainment of medical conditions

SEER-Medicare (http://healthcaredelivery.cancer.gov/seermedicare/) links data from
Surveillance, Epidemiology, and End Results (SEER) cancer registries (covering 28% of the
US population in 2010) and Medicare (which provides medical insurance for the US elderly)
(11). For this study, we selected cases and controls from the SEER-Medicare dataset as
described previously (16). Specifically, we identified NHL cases in SEER that were
indicated by SEER to be the person’s first invasive cancer (except for a possible diagnosis of
basal and squamous cell skin cancers, which are common non-melanoma skin cancers not
captured by SEER). We included the five most common NHL subtypes, defined according to
the World Health Organization classification (17): CLL/SLL, DLBCL, FL, MZL, and TCLs
considered as a group.

All Medicare beneficiaries are enrolled in part A, which covers hospital care, and most also
subscribe to part B which covers physician and outpatient services. Health maintenance
organizations (HMQOs) do not routinely bill Medicare for individual encounters. To ensure
availability of Medicare claims prior to NHL diagnosis, we required that cases: 1) were age
66-99 years at diagnosis; 2) were diagnosed in 1992-2009; 3) had a minimum of 13 months
of part A and part B Medicare coverage before diagnosis, during which they were not
enrolled in an HMO; and 4) had at least one Medicare claim for a hospitalization
(documented in the MEDPAR file), provider visit (NCH file), or outpatient services
(OUTPATIENT file) at least 13 months before diagnosis. Medicare coverage and claims
were considered back to the later of age 65 or a calendar year cutoff that varied according to
calendar year of NHL diagnosis based on the availability of Medicare claims data (1991 for
cases diagnosed in 1992-2002, 1998 for 2003-2005, 2000 for 2006—2007, 2002 for 2008-
2009). Cases diagnosed only on autopsy or death certificate were excluded. Selection
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yielded N=52,691 cases. For comparison, omission of the requirements for non-HMO
coverage and at least 1 Medicare claim would have yielded N=68,044 cases.

Controls were selected from the random 5% sample of Medicare beneficiaries living in
SEER areas included in the SEER-Medicare dataset (16). Controls were selected separately
for each calendar year 1992-2009. As of July 1 (the selection date) of each year, controls
were required to: 1) be alive and cancer-free; 2) have at least 13 months of prior Medicare
coverage; and 3) have at least one Medicare claim at least 13 months earlier; age and
calendar year cutoffs, and requirements for Medicare coverage and claims, were as
described above for cases. From eligible controls, we randomly selected 200,000 controls,
frequency matched to cases according to calendar year, sex, age, and race. Controls could be
selected more than once for multiple years or included later as a case.

We searched Medicare claims to identify medical conditions diagnosed more than 12 months
before case/control selection. The one-year period immediately before case/control selection
was excluded to minimize bias due to reverse causality or differential medical work-up of
cases. We initially considered medical conditions defined by the first four digits of
International Classification of Diseases (version 9, ICD-9) codes. However, we also
considered three-digit codes when providers only indicated this level of detail. To indicate
that the condition was present, we required one inpatient claim with the diagnosis
(MEDPAR file) or at least two physician or outpatient claims at least 30 days apart (NCH
and OUTPATIENT files). Medical conditions could be described at any position in the
claim, i.e., as primary or secondary diagnoses.

Statistical analysis

ICD-9 is a hierarchical coding system designed to provide an international standard for
morbidity and mortality statistics, and especially as implemented in Medicare claims, for use
in reimbursement of care providers. One challenge is that no level of the scheme uniformly
captures all medical conditions at the same degree of detail, and some conditions are
indicated by multiple codes in separate parts of the classification. We therefore used a step-
wise approach to identify medical conditions associated with NHL subtypes (Figure 1).

Specifically, in the first step, the prevalence of every ICD-9-specified condition was
compared separately between each NHL subtype and all controls. This group of unselected
conditions (SELECTO) was defined by categorizing Medicare claims based on all provided
four-digit ICD-9 codes (or occasionally, as noted above, by three-digit codes). In comparing
the prevalence of the conditions in cases and controls, we selected conditions for further
evaluation if: 1) the lowest achievable significance level computed from marginal totals in
the 2x2 table (minalpha statistic) was less than 0.001 (18); and 2) the p-value from the
Cochran—Mantel-Haenszel test (conditioning on the matching factors) was less than the
Bonferroni cutoff (defined as 0.05 divided by the number of conditions remaining after
applying the minalpha criterion). We excluded ICD-9-coded conditions for invalid
conditions, specifically those obviously corresponding to a possible NHL diagnosis (e.qg.,
NHL itself, lymphadenopathy, or splenomegaly), non-specific symptoms (e.g., headache,
fatigue), and spurious codes that could not be matched to diagnoses. Because cases and
controls were selected to have no prior SEER-documented cancer, we considered claims for
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previous cancer diagnoses (other than non-melanoma skin cancer) as having uncertain
reliability; therefore, we also excluded these claims diagnoses from analysis.

This procedure yielded a subset of conditions for each NHL subtype, which we refer to as
SELECT1. Next, we used binary logistic regression models to derive odds ratios (ORS),
measuring the associations of each SELECT1 condition with the NHL subtype, adjusted for
demographic characteristics (sex, age and calendar year of case/control selection, race), and
as a measure of healthcare utilization, the number of provider claims per year (see Table 1
footnote for details). Each NHL subtype was compared with all controls, and the variance of
the ORs accounted for the multiple sampling of some controls (16).

Two physicians reviewed these results to group similar SELECT1 conditions together (e.g.,
multiple 1ICD-9 codes for skin cancer at different body sites), add related ICD-9 codes not in
SELECT1 as part of the groups, and in rare instances, to break SELECT1 conditions into
finer categories (e.g., distinguishing different hepatitis virus infections based on five-digit
codes). SELECT1 conditions were removed if they were rare (<5 affected cases when the
OR>1, or <100 affected controls when the OR<1) and could not be grouped with other
conditions. This process led to SELECT2 conditions for each NHL subtype.

We again used binary logistic regression to assess associations of SELECT2 conditions,
adjusted for demographic characteristics and yearly physician claims. We excluded
SELECT2 conditions for which the adjusted OR was both non-significant (p=0.05) and
close to the null value, or for which the models did not converge due to small numbers of
affected cases or controls. This process yielded the final group of SELECT3 medical
conditions associated with each NHL subtype.

We compiled the list of SELECT3 medical conditions across the five NHL subtypes and
used polytomous logistic regression to assess the association of each SELECT3 condition
with each subtype, adjusting for demographic characteristics and yearly provider claims.
Although we present ORs for each condition with all five subtypes, we focus on the subset
of conditions that were associated with each subtype in its separate SELECT3 analysis. Each
polytomous logistic regression model provided a test of heterogeneity of the ORs across
NHL subtypes.

We also conducted a sensitivity analysis for SELECT3 conditions to further minimize the
possibility of reverse causality. Specifically, we excluded from evaluation the three-year
period immediately preceding NHL diagnosis/control selection. This approach left
N=39,995 cases and N=158,706 controls (age 68 or older) with evaluable time covered by
Medicare. For these subjects, we re-ascertained the previously identified SELECT3 medical
conditions, this time excluding the three-year window before case/control selection, and
reran the polytomous logistic regression models.

Replication of selected findings

We sought to replicate selected associations with SELECT3 medical conditions in two
independent datasets: the National Institutes of Health-AARP Diet and Health Study (NIH-
AARP) and the Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial (PLCO), as
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described in the notes to Supplemental Table 1. These replications required data on both the
medical condition and NHL subtypes, so replications could not be undertaken for all
findings. We utilized a two-sided alpha of 0.05 to assess significance in these analyses. In
some instances, the magnitude of the association that we tried to replicate and the number of
cases with each NHL subtype were both small, greatly limiting the statistical power for the
replication (Supplemental Table 1).

Characteristics of study subjects and stepwise selection of medical conditions

We included 52,691 cases with NHL (N=19,078 DLBCL, N=18,236 CLL/SLL, N=8881 FL,
N=4289 MZL, N=2207 TCL) from SEER-Medicare. Overall, cases were well-matched to
the 200,000 controls according to demographic characteristics, although there were some
minor differences among NHL subtypes (Table 1). Cases tended to have slightly shorter
duration of prior Medicare coverage (median 52 vs. 54 months, excluding the 12 months
immediately before case/control selection) but had more physician visits per year (Table 1).

Figure 1 and Table 2 document the process by which medical conditions associated with
each NHL subtype were identified. For each NHL subtype, we screened 5605 to 5785
conditions indicated by unique four-digit (and occasional three-digit) ICD-9 codes, or a total
of 5926 conditions across all five subtypes (SELECTO conditions). More than 97% of these
conditions were excluded because they were not significantly associated with the subtype or
were for invalid diagnoses. This procedure left 30 to 52 remaining conditions for each
subtype, identified by (mostly) four-digit ICD-9 codes SELECT1 conditions (see
Supplemental Table 2 for a complete list). Two physicians reviewed these conditions and
grouped related codes to create 13 to 28 SELECT2 conditions for each NHL subtype.

Most SELECT2 conditions remained associated with their respective NHL subtypes in
multivariate logistic regression models, yielding the final SELECT3 group of medical
conditions (N=18 conditions for CLL/SLL, N=27 for DBLCL, N=13 for FL, N=18 for
MZL, and N=15 for TCL, for a total of N=55 unique SELECT3 conditions; Table 2). ICD-9
codes for SELECTS3 conditions, as well as the number of subjects with each condition, are
presented in Supplemental Table 3.

Findings of MedWAS analyses

Table 3 presents associations for the 55 SELECT3 medical conditions with each NHL
subtype. Of note, most conditions (N=49, 89%) varied significantly in their associations
across NHL subtypes (i.e., p-heterogeneity<0.05; Table 3).

We highlight associations for each subtype that were identified in the SELECT3 group for
that subtype (shaded in gray in Table 3). For most of these, the 95% confidence interval for
the odds ratio (OR) excludes 1.00 (underlined in Table 3). Only 3 of the 55 medical
conditions were associated with increased risk for all five NHL subtypes: non-melanoma
skin cancer (ORs 1.19-1.55), actinic keratosis (1.12-1.25), and hemolytic anemia (1.64—
4.07) (Table 3).
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Among the positive associations, several immunodeficiency or infectious conditions were
associated with increased risk for 1-2 NHL subtypes (Table 3). Specifically, associations
were observed for HIV infection and solid organ transplantation with DLBCL (ORs 3.83
and 4.27, respectively), and deficiency of humoral immunity with CLL/SLL (3.85) and TCL
(5.70). CLL/SLL risk was increased in association with herpes zoster (OR 1.44), acute
sinusitis (1.12), and acute bronchitis (1.06), and DLBCL was increased with hepatitis C
virus (HCV) infection (1.74).

Autoimmune diseases were also associated with increased risk for some subtypes, including
for DLBCL with rheumatoid arthritis (OR 1.43), sarcoidosis (2.11), and uveitis (3.17).
Systemic lupus erythematosus was associated with risk of DLBCL (OR 1.74) and MZL
(2.57); Sjogren syndrome with DLBCL (2.10) and MZL (4.74); and celiac disease with TCL
(8.09). An elevated erythrocyte sedimentation rate was associated with increased risk of
MZL (OR 2.00).

Among hematologic conditions (in addition to hemolytic anemia which was associated with
all NHL subtypes), thrombocytopenia was associated with increased risk for all subtypes
other than FL (ORs 1.46-2.21). Aplastic anemia, anemia not otherwise specified (NOS), and
neutropenia were positively associated with MZL (ORs 3.26, 1.12, and 2.47, respectively).
Monoclonal paraproteinemia was associated with CLL/SLL, DLBCL, and MZL (ORs 1.80-
3.43), and cryoglobulinemia with DLBCL (6.36) and FL (10.14).

Among skin conditions other than non-melanoma skin cancer and actinic keratosis, nine
were associated with increased risk only for TCL: atopic dermatitis (OR 4.12), contact
dermatitis (2.61), dermatitis due to substances taken internally (4.05), bullous skin diseases
(3.43), discoid lupus (4.00), psoriasis (3.72), folliculitis (2.65), asteatosis (2.20), and
urticaria (2.42). Seborrheic keratosis was associated with increased risk of FL (OR 1.18) and
MZL (1.24).

There were a few additional positive associations. Diabetes mellitus was associated with
DLBCL (OR 1.09). Testicular hypofunction, benign prostatic hyperplasia, and gastric ulcer
were associated with MZL (ORs 1.58, 1.30, and 1.55, respectively), and spinal cord
anomalies was associated with CLL/SLL (3.20).

No medical condition was inversely associated with all five NHL subtypes. However, inverse
associations were observed with several neurological/psychiatric conditions (Table 3). Three
such conditions were inversely associated with all NHL subtypes except TCL: senile
dementia (ORs 0.40-0.61), stroke (ORs 0.74-0.86), and psychosis NOS (0.37-0.64). Inverse
associations were also observed for arteriosclerotic dementia with CLL/SLL, DLBCL, and
FL (ORs 0.32-0.54); Parkinson’s disease with DLBCL (0.67); depression NOS with
DLBCL (0.74) and FL (0.70); non-psychotic mental disorder NOS with DLBCL (0.23); and
alcoholism with DLBCL (0.59).

Among infections, inverse associations were found for chronic bronchitis and urinary tract
infection with DLBCL (ORs 0.78 and 0.83, respectively). CLL/SLL was reduced in
association with hypertension (OR 0.83), abdominal aortic aneurysm (0.67), and
hyperlipidemia (0.86), and FL was reduced in association with systolic heart failure (0.80).
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Among miscellaneous conditions, inverse associations were observed between decubitus
ulcer and DLBCL (OR 0.57); asphyxia and FL (0.52); and hip fracture and DLBCL (0.62)
and FL (0.50).

Sensitivity and replication analyses

We performed a sensitivity analyses for the 55 SELECT3 medical conditions, excluding
claims during the three years immediately before case/control selection. ORs were very
similar to the primary analysis (Supplemental Table 4).

Table 4 presents results of replication analyses in additional populations for some SELECT3
conditions. For diabetes mellitus and DLBCL, positive associations in the NIH-AARP and
PLCO cohorts appeared consistent with the MedWAS observation, although the replications
did not reach statistical significance. There was also an inverse (though statistically non-
significant) association in PLCO between chronic bronchitis and DLBCL. Associations with
hypertension and stroke were not significant in replication analyses.

Discussion

We surveyed a large number of medical conditions as risk factors for NHL using a new
approach termed “MedWAS.” This method characterized the full spectrum of medical
conditions related to NHL among the US elderly. Some associations that we document are
well established, while others are new or less supported. .

Importantly, for the 55 medical conditions retained in our final (SELECT3) analyses, we
found that most associations varied significantly across the five NHL subtypes. In fact, most
medical conditions were associated with only one or a few NHL subtypes. Because some
associations are likely etiologic (as we review below), these differences point to etiologic
heterogeneity, i.e., distinct causal factors that contribute to each NHL subtype. Other
differences in associations with environmental risk factors and genetic polymorphisms
(3,19-22) likewise support that different NHL subtypes arise through separate (although
perhaps overlapping) mechanisms.

Some associations that we demonstrated reflect well-established contributions of chronic
immune disturbances to development of NHL. These include associations of HIV infection,
HCV infection, and solid organ transplantation with DLBCL and, to a lesser extent, MZL
(4,5,23). As described previously (6), we found an increased risk of DLBCL and/or MZL
associated with a range of autoimmune conditions including rheumatoid arthritis, systemic
lupus erythematosus, and Sjogren syndrome, and strongly elevated risk of TCL with celiac
disease. In striking contrast, none of these conditions was associated with CLL/SLL or FL.
Increased risk of CLL/SLL following herpes zoster, acute sinusitis, and acute bronchitis may
plausibly be a manifestation of chronic immune deficits preceding this malignancy (24,25).

Interestingly, risk for each NHL subtype was elevated following non-melanoma skin cancer.
A few prior studies have described increased risk for NHL or CLL/SLL following diagnoses
of basal or squamous cell skin cancers (26-28), but the present investigation is the first to
document associations for specific NHL subtypes other than CLL/SLL. This study is also
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the first to show an increased risk for NHL following a diagnosis of actinic keratosis, the
precursor of squamous cell skin cancer. Although skin damage from ultraviolet radiation
strongly increases risk for skin cancer, ultraviolet radiation actually appears inversely
associated with NHL (29). More likely, the association of non-melanoma skin cancer and
NHL is related to immunosuppression, as suggested by associations of HIV and solid organ
transplantation with skin cancer (30,31).

Hematologic conditions associated with increased NHL risk in our study have been
described as complications of lymphoproliferative conditions (e.g., hemolytic anemia and
cryoglobulinemia) or non-specific manifestations of chronic illness (32-35). It is unlikely
that these conditions were caused by undiagnosed NHL (i.e., reverse causality), because we
did not consider Medicare claims within one year before NHL diagnosis, and remarkably,
almost all of the associations persisted in sensitivity analyses excluding claims within three
years of NHL. Instead, these associations may again reflect the presence of chronic immune
disturbances that contribute to the development of NHL over a prolonged period.

We found strong associations between a large number of dermatologic conditions and risk of
TCL, some of which have been observed previously (6,36). TCLs can have an indolent
presentation (37), and 48% of TCLs in our study were cutaneous lymphomas (mycosis
fungoides and less common variants). Diagnostic confusion between skin conditions and
TCL could be an explanation, but the associations persisted when we excluded diagnoses
within three years of NHL. Alternatively, these associations may reflect a shared
predisposition to skin diseases and TCL, immune effects of chronic skin diseases, or effects
of treatment of the skin diseases (38) .

The association of gastric ulcer with MZL may be explained by diagnostic confusion
between gastric ulcers and gastric MZL, or by the etiologic contribution of Helicobacter
pylorito both conditions (39,40). There was also a positive association of diabetes mellitus
with DLBCL. This finding showed some evidence, although inconclusive, for replication in
our analyses in NIH-AARP and PLCO. Diabetes mellitus has previously been associated
with increased risk of NHL overall (41,42).

Some inverse associations with NHL risk could have biological explanations. Decreased risk
of CLL/SLL following a diagnosis of hyperlipidemia is intriguing, and prior studies have
noted a protective effect of statins (a widely used class of lipid-lowering medications) for
NHL overall and leukemia (43). Decreased CLL/SLL risk associated with alcoholism may
reflect protective effects of ethanol consumption (3).

Given our lack of data on lifestyle factors, it is possible that some associations could be due
to confounding, e.g., by smoking, drinking, or occupation (3). Other artifacts could underlie
inverse associations. It is likely that clinicians limited the medical work-up of some frail and
debilitated elderly adults among the Medicare population, which would have led to under-
ascertainment of NHL. This bias could explain the inverse associations with a broad range of
neurological and psychiatric conditions and conditions associated with advanced illness or
nursing home care (e.g., decubitus ulcer, hip fracture). Indeed, we did not observe decreased
NHL risk when, in our replication analyses, we assessed people with a history of a stroke in
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the NIH-AARP and PLCO studies. Participants in these cohort studies were younger and
would have been healthier than unselected Medicare beneficiaries, and so NHLs arising in
these individuals would have been less vulnerable to under-diagnosis.

The present study is the first implementation of a new method, “MedWAS,” which we used
to comprehensively evaluate a very large number of medical conditions as NHL risk factors.
Demonstration of multiple known associations with NHL supports the validity of this
approach. MedWAS incorporates the same agnostic, wide-based approach used in GWAS
studies to survey thousands of DNA variations (44). MedWAS could also be applied to other
sources of administrative data and electronic health records. Recent “big data” analyses of
large administrative databases by others have focused on characterizing the network
properties of related medical conditions (45) or, with respect to cancer, selecting optimum
patient treatments and predicting outcomes (46).

Several limitations of our study should be noted. First, it was restricted to the US elderly,
and our results may not generalize to other populations. Although Medicare covers
essentially all US adults over age 65, our requirements that subjects were not in an HMO
and had at least one documented claim led to some exclusions. Further, we assessed
Medicare data beginning at age 65, so we were unable to evaluate medical conditions that
did not generate claims at older ages. Second, we are unaware of a systematic method for
using 1CD-9 codes to classify unique medical conditions at a consistent and informative
level of detail. We therefore found it necessary to review individual codes to identify
biologically relevant conditions and to eliminate invalid or irrelevant codes, which likely
introduced some subjectivity. Medicare claims can be inaccurate, but we sought to increase
the positive predictive value by requiring one inpatient or two physician/outpatient claims at
least 30 days apart (16). Also, it is not possible to assess duration or severity of medical
conditions using Medicare claims, and as our study was exploratory, we did not attempt to
examine associations with treatments for these conditions. Third, because we made
thousands of comparisons, some associations could have been due to chance. We sought to
minimize this issue by requiring strict statistical significance in the initial screening of the
ICD-9 codes and by attempting to independently replicate some findings. Unfortunately, it
was challenging to find appropriate data sources for replication, and due to the small number
of outcomes and modest size of the associations, the replication analyses were inconclusive.

In conclusion, our study comprehensively assessed a very large number of medical
conditions and thereby identified a subset associated with increased or decreased NHL risk.
Specific associations varied according to NHL subtype. Many risk factors were related to
immune disturbances and chronic infections, as expected, but some (such as the associations
with non-melanoma skin cancer, skin conditions, and diabetes) point to new avenues for
research. It will be important to replicate some findings in additional populations, and to
uncover biological mechanisms underpinning the best supported and strongest associations.
We believe that this MedWAS approach can be useful in epidemiologic research aimed at
understanding the etiology of cancer and other complex diseases.
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SELECTO: Individual ICD-9 codes (4-digit), unselected

________________________ \
I=> lf Grouping of codes based on :
|‘ physician review J

SELECT2: Grouped ICD-9 codes

’
=> : Exclusion based on lack of association with }
Y NHL or for which models did not converge :

SELECT3: Grouped ICD-9 codes, final selection

Figure 1.
Stepwise selection of medical conditions associated with subtypes of non-Hodgkin

lymphoma. The figure illustrates the steps used to identify a final group of medical
conditions, defined by ICD-9 codes, that were associated with each NHL subtype.
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