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Abstract

Background: We assessed the ability to supplement existing epidemiological/etiologic studies 

with data on treatment and clinical outcomes by linking to publicly available cancer registry and 

administrative databases.

Methods: Medical records were retrieved and abstracted for cases enrolled in a Los Angeles 

County case-control study of non-Hodgkin Lymphoma(NHL). Cases were linked to the Los 

Angeles County cancer registry(CSP), the California state hospitalization discharge 

database(OSHPD), and the Surveillance, Epidemiology and End Results Registry(SEER)-

Medicare database. We assessed sensitivity, specificity, and positive predictive value(PPV) of 

cancer treatment in linked databases, compared to medical record abstraction.

Results: We successfully retrieved medical records for 918 of 1,004 participating NHL cases and 

abstracted treatment for 698. We linked 59% of cases(96% of cases >65 years old) to SEER-

Medicare and 96% to OSHPD. Chemotherapy was the most common treatment and best captured, 

with the highest sensitivity in SEER-Medicare(80%) and CSP(74%); combining all three data 

sources together increased sensitivity(92%), at reduced specificity(56%). Sensitivity for 

radiotherapy was moderate; 77% with aggregated data. Sensitivity of BMT was low in the 
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CSP(42%), but high for the administrative databases, especially OSHPD(98%). Sensitivity for 

surgery reached 83% when considering all three datasets in aggregate, but PPV was 60%. In 

general, sensitivity and PPV for chronic lymphocytic leukemia/small lymphocytic 

lymphoma(CLL/SLL) were low.

Conclusions: Chemotherapy was accurately captured by all data sources. Hospitalization data 

yielded the highest performance values for BMTs. Performance measures for radiotherapy and 

surgery were moderate.

Impact: Various administrative databases can supplement epidemiological studies depending on 

treatment type and NHL subtype of interest.
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Introduction

The American Cancer Society (ACS) estimates there are over 750,000 non-Hodgkin 

lymphoma (NHL) survivors in the United States in 2019, and projects this number to 

increase to over 1 million by 2030(1). Long-term health-related morbidities, such as 

cardiovascular complications and secondary malignancies will also increase with increasing 

survivorship(2–5). Continued research among NHL survivors is thus important for 

improving long-term outcomes. In addition to clinical studies of patient populations, existing 

epidemiological studies which have largely focused on etiologic research, could 

methodologically and efficiently be leveraged to complement on-going NHL outcome/

survivorship research(6). Because these epidemiological studies have traditionally collected 

pre-diagnostic information, they provide a key component for stratifying outcomes that 

clinically-based survivorship studies may not have. Several methodological studies assessing 

whether one can ascertain treatment data for breast, colorectal, lung and prostate cancer 

patients participating in epidemiologic studies have been conducted(7–10), but fewer studies 

have assessed whether treatment patterns and clinical data can be ascertained for NHL 

patient participants(11,12). Here, we evaluate the use of readily available cancer registry and 

administrative databases to ascertain cancer treatment data for a large group of women 

diagnosed with incident B-cell NHL between 2004 and 2008 in Los Angeles County, 

California(13).

Materials and Methods

Study population

Our study population comprised 1,004 women with B-cell NHL diagnosed between May 

2004 and March 2008 who were identified by the population-based Los Angeles County 

Cancer Surveillance Program (CSP)(13) and consented to participate in a case-control study 

of incident NHL which included the following eligible NHL diagnoses: diffuse large B-cell 

lymphoma (DLBCL: 9678, 9679, 9680, 9684), follicular lymphoma (FL: 9690, 9691, 9695, 

9698), mantle cell lymphoma (MCL: 9673), marginal zone lymphoma (MZL: 9699), chronic 
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lymphocytic leukemia/small lymphocytic lymphoma (CLL/SLL: 9670, 9823), Burkitt 

lymphoma (BL: ICD-O-3 codes 9687, 9826), and other B-cell lymphomas (Other, including 

not otherwise specified (NOS): 9590, 9591, 9596, 9671, 9675, 9727, 9728, 9833, 9835, 

9836, 9761). Informed written consent was obtained according to the Declaration of 

Helsinki and this study is approved by the Institutional Review Boards of the City of Hope, 

University of Southern California, Kaiser Permanente Southern California, and Committee 

for the Protection of Human Subjects of the California Health and Human Services Agency 

in accordance with assurances filed and approved by the U.S. Department of Health and 

Human Services.

Data sources

We collected NHL treatment data from four overlapping data sources: (i) medical record 

retrieval and abstraction; (ii) Cancer Surveillance Program (CSP); (iii) Surveillance, 

Epidemiology and End Results Registry (SEER)-Medicare; and (iv) California state 

hospitalization inpatient discharge database (OSHPD). Linkages to the hospitalization and 

SEER-Medicare databases were conducted by the California Cancer Registry and SEER-

Medicare, respectively, using zip code at diagnosis, social security number, date of birth and 

sex(14).

i. Medical records retrieval was conducted from July 2014 to December 2016 at all 

CSP identified hospitals. Medical record abstraction was conducted by three 

trained reviewers using a standardized abstraction form. Data abstracted from 

medical records were considered the gold standard and to which the three other 

data sources were compared for completeness. We abstracted information on 

diagnosis, relapse, outcome, chemotherapy regimens received, surgical treatment 

and site, radiotherapy field and dose, and bone marrow transplant.

ii. Cancer Surveillance Program (CSP) is the population-based cancer registry for 

Los Angeles County with near complete incidence data for the area since 

1972(15). The registry collects initial treatment data and is also part of the 

Surveillance, Epidemiology, and End Results (SEER) program. All 1,004 NHL 

cases were identified through the CSP and have data on date of their initial 

course of treatment including; chemo/immunotherapy, radiotherapy, transplant, 

and surgery. The cancer registry also links to death indices to obtain mortality 

data. In addition, we were able to obtain additional free text information on 

chemo/immunotherapy regimen.

iii. Hospital Discharge Data of the Office of Statewide Health Planning and 

Development (OSHPD) in California. Non-federal hospitals are required to 

report semiannually 18 data elements per patient to OSHPD(16). At the time of 

the analysis, OSHPD data were available from 1999–2014. Of the 1,004 NHL 

cases, 959 were linked to a discharge record within a year of their NHL 

diagnosis.

iv. SEER-Medicare: Medicare is the primary health care insurer for the vast 

majority of the US population that is 65 years or older and some individuals who 

are disabled or have end stage renal disease. Basic coverage (Part A) includes 
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inpatient care (MEDPAR file). More than 90% were also enrolled in Part B 

covering physician services, outpatient care, and durable medical equipment in 

2015. About 70% of all enrollees had additional Part D outpatient prescription 

drug coverage (implemented in 2006) in 2014(17). As part of a collaborative 

effort between the National Cancer Institute’s SEER registry program, and the 

Centers for Medicare and Medicaid Services (CMS); 95 percent of patients aged 

65 or older identified in the SEER registry are successfully matched to their 

Medicare enrollment file(18). Medicare data for the NHL study were available 

for the years 1991–2014 (2007–2014 for Part D data).

Cancer treatment abstraction from administrative databases

Cancer treatments abstracted were: (1) chemotherapy/immunotherapy/targeted therapy, (2) 

radiotherapy, and (3) bone marrow/stem cell transplantation (BMT). We also abstracted for 

tumor surgery to determine whether initial biopsies could be delineated from tumor 

surgeries. ICD-9 diagnosis, procedure codes, diagnosis related groups (DRG) codes, and 

Healthcare Common Procedure Coding System (HCPCS)/Current Procedural Terminology 

(CPT) codes were utilized to identify these treatments (Supplementary Table S1). For the 

purposes of this analysis, we compared first course of treatment identified in each data 

source that was documented after the date of the patient’s confirmed diagnosis. All 

databases linked exceeded the necessary follow-up period (through 2014) that this would 

encompass initial treatments, as NHL diagnoses were from 2004–2008.

Statistical methods

We evaluated characteristics and the availability of specific treatment information for NHL 

overall and the three most common NHL subtypes for which there was sufficient numbers to 

evaluate (DLBCL, FL, and CLL/SLL). Each administrative database was assessed for 

sensitivity, specificity, and positive predictive value (PPV) by treatment type for all NHL and 

by NHL subtype, with data from medical record abstraction considered as the “gold 

standard”. Sensitivity was calculated as the number of cases identified by both the medical 

record and administrative database as having received treatment divided by the total number 

of cases identified by medical records as having received that treatment. Specificity was 

calculated as the number of cases without the treatment type abstracted by medical records 

and without record of that treatment in the administrative database divided by the total 

number of cases without that treatment according to medical record abstraction. PPV was 

calculated as the number of cases identified by both the medical record and administrative 

database as having received treatment divided by the total number of cases with that 

treatment according to the administrative database. To ensure comparability of data, we also 

conducted the following sensitivity analyses and shown in supplemental data tables. First, 

analyses of treatment data in SEER-Medicare were restricted to eligible cases 65 years and 

older. Second, we also conducted sensitivity analysis where we restricted the definition of 

the first reported/course of treatment to be within a year of diagnosis. We further evaluated 

chemotherapy regimen text field data available from the CSP in DLBCL and FL. All 

analyses were conducted using SAS 9.4 (SAS Institute Inc., Cary, NC).
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Results

Characteristics of the study population

Of the 1,004 cases, 965 consented to medical record retrieval. Of those, we requested and 

successfully received medical records for 918 (95%) cases. For the purposes of this analysis, 

we include abstracted treatment information for 698 (76%) cases for which treatment 

information could be confidently ascertained (Supplementary Table S2). We note that the 

availability of treatment information differed by NHL subtype, with the most complete 

information ascertained for DLBCL (91%), followed by FL (75%), and was lowest for 

CLL/SLL (55%). OSHPD hospital discharge records were available for 959 (96%) cases 

(Supplementary Figure S1). SEER-Medicare records were available for a total of 596 (59%) 

cases, of which 438 were not enrolled in a health maintenance organization (HMO) and 

therefore had claims data. Case characteristics by administrative data source are presented in 

Table 1. As expected, cases with Medicare records were older (median age: 69 years) 

compared to the general study population (median age: 61 years). By NHL subtype, there 

were proportionally more CLL/SLL cases in the Medicare data, likely due to their higher 

age of diagnosis. Cases in SEER-Medicare also had lower annual household incomes, 

another attribute of the Medicare population which would not have records of claims 

submitted to alternate health insurance providers such as through their employer or HMO.

Chemotherapy

Compared to medical record abstraction, sensitivity (of correctly identifying all patients who 

had chemotherapy) was highest in the Medicare subgroup (80%), and relatively high in the 

CSP (74%); combining all three data sources together increased sensitivity to 92% (Table 2). 

The specificity (correctly identifying which patients did not have chemotherapy) was high in 

the CSP (99%) for all NHL, with the exception of DLBCL (67%), but we note that this 

measure was based on only a handful of DLBCL patients (n=6) who did not in fact have 

chemotherapy based on medical records (Supplementary Table S2). Specificity for OSHPD 

data was 72% overall and 100% for DLBCL. Although leveraging data from all three data 

sources to identify chemotherapy among cases increased sensitivity, it reduced specificity 

(56%). Finally, PPV was high overall for all the data sources (91–100%) for NHL, DLBCL, 

and FL. We note that for CLL/SLL, sensitivity of CSP and OSHPD data was low (34% and 

57%, respectively), and high in the Medicare subset (94%). Although the combination of all 

three data sources increased overall sensitivity to 81%, this appears to be attributed to the 

more complete data ascertained from the Medicare subset; sensitivity among the non-

Medicare subset of participants remained low. Overall, sensitivity, specificity, and PPV were 

generally similar in CSP and OSHPD when restricted to those 65 and older at diagnosis, but 

individual values within the Medicare population subset improved (Supplementary Table 

S3). In summary, patients identified by the CSP, OSHPD, and Medicare as having 

chemotherapy could be confirmed as having chemotherapy in medical records, with the 

exception of CLL/SLL. However, to identify all patients indicated by medical records as 

having chemotherapy, there were clear benefits to combining all three data sources to 

achieve higher sensitivity, although at a cost of reduced specificity.
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Comparison of chemotherapy regimens recorded

We further evaluated the ability to identify specific chemotherapy regimens in the CSP data 

for DLBCL, in which the standard of care has included the R-CHOP (rituximab in 

combination with cyclophosphamide, doxorubicin, vincristine, and prednisone) regimen 

since the early 2000s. Of 253 DLBCL cases abstracted, 52 did not have chemotherapy 

regimen in CSP data. Among the 208 cases that received CHOP or R-CHOP according to 

medical record abstraction, 150 (72%) were identified in the CSP; we note that 16 of those 

cases were recorded as having received only CHOP by the CSP when medical records 

specified treatment for R-CHOP (Supplementary Table S4). For the 149 FL cases that 

received chemotherapy, 49 were missing regimen information in the CSP data. Medical 

records identified 69 cases as receiving CHOP or R-CHOP, and 46 (67%) of those were also 

identified in the CSP (Supplementary Table S5). Only 8 (38%) of the 21 cases that received 

R-CVP/CVP were correctly identified in the CSP regimen text field.

Radiotherapy

Overall, sensitivity for identifying patients who underwent radiotherapy using the three data 

sources was low (11–67%), though using the data sources in aggregate did increase 

sensitivity to 71–77% for overall, DLBCL, and follicular lymphoma. However, specificity 

and PPV were high, largely driven by the larger numbers of participants who did not have 

radiotherapy. Values for CLL/SLL were unstable due to the relatively small number of 

participants who had radiotherapy.

Bone marrow transplant (BMT)

The sensitivity of identifying patients who underwent bone marrow transplant was low in the 

CSP (42% overall and 25% for DLBCL), but high for the administrative databases, 

especially OSHPD (98% overall, 96% for DLBCL). The aggregated data yielded 98% 

sensitivity overall, and 96% for DLBCL; specificity also remained high (98%). PPV was 

moderately high for OSHPD and Medicare, but we note that for the BMTs that the CSP data 

did capture, PPV was 100%.

Surgery

Although surgery is not a common treatment for lymphoma, we included medical 

abstraction for surgery to assess whether initial biopsies could be delineated from tumor 

surgeries in the various databases, as can be delineated based on medical record abstraction. 

The sensitivity of identifying patients who had undergone surgery in the three data sources 

varied from 22–73% overall and reached 83% when considering all three datasets in 

aggregate. Again, the increase in sensitivity resulted in reduced specificity. By NHL subtype, 

sensitivity was highest in the CSP dataset for both DLBCL (84%) and FL (76%), but low 

(31%) for CLL/SLL. Interestingly, aggregating the three datasets did not yield substantive 

benefits in sensitivity for DLBCL and FL, beyond what was already achieved by the CSP 

data. PPV was 63–68% overall and for DLBCL and FL, indicating that a third of 

participants who were indicated by the data sources to having had surgery in fact did not 

have surgery. Sensitivity for CLL/SLL was poor and reached 54% with the aggregated data; 

PPV was highest in the OSHPD/hospitalization data (75%).
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Discussion

In this comparison of NHL treatment data by multiple data sources, we found that the cancer 

treatments captured vary by the data source and by the NHL subtype, but that the aggregated 

data sources improved performance measures in general. Specifically, sensitivity of 

identifying patients who had chemotherapy was high in the CSP/cancer registry data and 

Medicare for overall NHL and for DLBCL and FL. Although aggregating the data improved 

sensitivity further, this resulted in a reduced specificity. Nevertheless, PPV and thus 

confidence that those identified by the data sources as having had chemotherapy in fact had 

chemotherapy, was high.

Our further evaluation of specific chemotherapy regimens further demonstrated good 

agreement between chemotherapy regimens reported by the cancer registry to medical 

record abstraction. We were unable to identify specific regimen or agents in SEER-Medicare 

with high accuracy. While the administrative payment data in SEER-Medicare does include 

charges related to specific chemotherapeutic agents and, uniquely, dose, these data only 

provide the agents used in an inpatient setting, making identification of multi-agent regimens 

difficult. Any prescriptions, such as prednisone, one of the agents in the R-CHOP regimen, 

would only be captured for the subset of cases with Part D coverage starting in 2006; and 

because diagnoses are not associated with these prescriptions, these data could falsely 

identify cases as having received treatment. When we excluded Part D coverage, we were 

able to increase specificity for chemotherapy, but this came at the cost of greatly reduced 

sensitivity. Of the 37 DLBCL patients identified in SEER-Medicare, and not part of a 

managed care organization, that received R-CHOP according to medical records, we were 

only able to identify 12 in SEER-Medicare with payment codes for all 5 agents.

Overall, the performance values for identifying or confirming patients who had radiotherapy 

were lower than chemotherapy, but better than surgery. Due to the typical outpatient nature 

of radiotherapy, it was not captured well in OSHPD. In contrast, BMT performed much 

better in OSHPD/hospitalization data due to the inpatient nature of the procedure. The 

ascertainment of surgery proved more challenging as most surgical procedures for NHL are 

typically done for diagnostic and not treatment purposes. Surgical resection is more common 

for gastric NHL and if disease is localized to certain areas such as the spleen(19). Sensitivity 

with the three data sources together was ~80%. Again, this increase in sensitivity came at a 

cost of reduced specificity. PPV was modest (and lower than that for chemotherapy), 

reflecting the poor distinction between initial biopsies versus the excisional treatment, as 

there are no specific surgery codes related to NHL surgery (in contrast to mastectomy, for 

example).

While performance values were largely similar between NHL overall, DLBCL, and FL, they 

were generally low for CLL/SLL. Sensitivity of CSP and OSHPD data for chemotherapy 

and surgery were low, reflecting the common watch-and-wait strategy for this NHL subtype 

which was confirmed in medical record abstraction. Of the three data sources, Medicare data 

yielded the highest sensitivity for capturing chemotherapy, surgery, and radiotherapy among 

CLL/SLL, and would seem a likely resource for CLL/SLL research restricted to older adults.
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Compared to the time and effort required for medical record retrieval and abstraction, there 

are clear benefits for larger-scale data linkage efforts for retrospective analyses. Although we 

were able to obtain medical records for a majority of our cases, only 76% were considered 

sufficient for confidently ascertaining treatment information. Depending on the subtype and 

treatment of interest, linkage to different data sources may provide efficient ways to obtain 

treatment data. Examples of specific research questions could entail: (i) research on 

CLL/SLL within Medicare data; (ii) leveraging hospitalization data for BMT research; or 

(iii) utilizing all three data sources for ascertainment of chemotherapy and cancer registry 

data for chemotherapy regimens, particularly for DLBCL research.

Limitations of administrative databases include that both SEER-Medicare and OSHPD 

linkages are based on social security number, zip code, date of birth, and sex. Therefore, 

there may be no matches for a small proportion of cases due to missing or incorrect social 

security number (up to 10% for OSHPD) (M. Allen/CCR, personal communication). Some 

of the linkages, such as OSHPD, were required to be conducted by an outside entity; we 

were therefore not able to distinguish between “no hospitalization” and “linkage failed”. 

Age remains a well-known limitation for linkage to SEER-Medicare records. 59% of our 

cases were younger than 65 years at their NHL diagnosis and most of them were therefore 

not yet eligible for Medicare. Potential socioeconomic and racial biases may also exist with 

Medicare-restricted populations(20). In addition to being 65 years or older to receive 

Medicare coverage, individuals are also required to have at least five years residency in the 

US and must have been working for at least ten years in Medicare-covered employment in 

order to be eligible. And of course, cases who are members of an HMO will not have 

records in the Medicare database as their claims would be processed by the HMO. Kaiser 

Permanente Southern California is a large HMO provider that provides service to a third of 

the residents in the Southern California region, including Los Angeles County(21). In our 

study, between 24% and 31% per annum were enrolled in managed care. As our study 

focused on California residents and leveraged the California hospitalization discharge 

database (OSHPD), cases who received cancer treatment in another state may be missed by 

our approach. Finally, for certain groups such as former military members diagnosed and 

treated in veteran’s administration (VA) hospitals, cancer information will likely be missing 

in the CSP, Medicare, or OSHPD.

In summary, leveraging cancer registry and readily available administrative data sources 

provided informative data for NHL treatments, especially chemotherapy. Depending on the 

target population and scientific research questions of interest (e.g., older patients, BMT 

survivors, specific NHL subtypes), different approaches and linkages can be taken, drawing 

upon the strengths of each complementary data source to successfully accomplish the 

intended research aims.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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