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Abstract

Background: In order to enhance research opportunities related to the treatment of pediatric can-
cer, the National Cancer Institute has funded a Children’s Cancer Research Network. Because this
network is to be based on cases registered through the pediatric clinical trials groups (Children’s
Cancer Group [CCG] and Pediatric Oncology Group [POG], subsequently merged to form the
Children’s Oncology Group, or COQ), it was thought to be important to evaluate how close to
population-based the COG registries were. This was accomplished in Minnesota by linking data
from the Minnesota Cancer Surveillance System (MCSS) with data from COG.

Methods: Two linkages were done; both included individuals age 0 - 19 and excluded in situ
tumors. One linkage was done in Minnesota and used full names or initials in addition to the vari-
ables used in the California linkage. The Minnesota linkage included all cases registered by Uni-
versity of Minnesota-affiliated CCG hospitals between 1989 and 1997. Follow-up was done of
CCG-only cases to determine the reason they were missed by the MCSS. The other linkage was
done in California and used only date of birth, sex, race, zipcode, date of diagnosis, diagnosis
code, and treating facility. The California linkage included all cases registered by any COG-affili-
ated hospital between 1992 and 1997 with a Minnesota zip code.

Results: Record linkage without names or initials was over 95% accurate and specific, compared
to linkage using names. On follow-up, close to 90% of the CCG-only cases were found to be non-
reportable to the MCSS. MCSS registration was 97% complete overall and ranged from 81 to
100%, by diagnosis. COG registration was 79% complete overall and was 94%, 92%, 79%, and
39% complete for the age groups 0-4, 5-9, 10-14, and 15-19, respectively.

Conclusions: Collaborations will be needed between the Children’s Cancer Research Network
and central cancer registries throughout the United States in order to ensure that the CCRN is pop-
ulation-based. Additional resources will also be needed so that the necessary informed consents
can be obtained for sharing of information from central registries to the CCRN. The detailed treat-
ment information collected by the CCRN would be very helpful to central cancer registries.

Background

Although cancer is the second leading cause of death in children under the age of 15 years, it is
still a rare occurrence. Thus, in order to investigate methods for improving the success of various
treatment modalities, as well as the late effects of cancer treatments, information on pediatric can-
cer cases must be pooled over large geographic areas. The Children’s Oncology Group (COG) has
recently been formed by combining two national networks for pediatric clinical trials — the Chil-
dren’s Cancer Group (CCG) and the Pediatric Oncology Group (POG). COG is designed to be
part of the new, National Cancer Institute-funded, Children’s Cancer Research Network (CCRN).
The goal of the CCRN is to enhance research opportunities related to pediatric cancer.

Both CCG and POG maintain a registry of children diagnosed with cancer at participating institu-
tions. A large number of variables are collected on each patient, including extensive information
on treatment modalities. Population-based, central cancer registries collect information on all
patients living in a defined geopolitical area who are diagnosed with cancer, including those under
age 20. Central registries are generally slower in registering patients than the clinical trials groups,
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and central registries collect considerably less treatment information than the pediatric registries.
However, both the pediatric and central registries seek to collect information on all children and
adolescents diagnosed with cancer. Because central cancer registries collect information from all
treating facilities, the requirement that a child be seen in a COG-associated facility in order to be
registered does not apply.

Pediatric oncologists have generally believed that virtually all children diagnosed with cancer are
referred to specialists and given the opportunity to receive state-of-the-art therapies and be
enrolled in clinical trials. One would hope that this is true; however, if a national research network
is being funded, this assumption should be verified. Various reports have documented the likeli-
hood that COG registries do not register all the diagnoses that occur in children age 0 - 14, and
that they register an even smaller proportion of adolescents (age 15-19) diagnosed with can-

cer.23 Ross et al.! have estimated that the combined CCG/POG registries collected 100%, 93%,
84%, and 21% of pediatric and adolescent cancer cases aged birth - 4 years, 5-9 years, 10-14
years, and 15-19 years, respectively.

A linkage between population-based cancer registries and the pediatric group registries would
allow an assessment of the completeness of each registry system. It would also highlight any dif-
ferences in case definitions that might affect the calculation of incidence rates by the two systems.
Confidentiality assurances provided to the parents of CCG and POG patients at the time of enroll-
ment restrict the specificity of personal identifiers that can be used to link files between the coop-
erative groups and central cancer registries. It was determined that these assurances prevented the
cooperative groups from providing either the patients’ names or initials for use in a data linkage.
For most linkage projects, this would eliminate the ability to link records. However, since pediat-
ric cancer is quite rare, and because both systems collect information on diagnosis, a relatively
accurate linkage was believed to be possible.

Minnesota has two features that allowed more specific evaluation of the linkage process itself.
First, the MCSS collects information on all CNS tumors, whether benign or malignant. Second,
the University of Minnesota is a CCG center and, because of data practices statutes in Minnesota,
was able to provide a list including patient names to the MCSS for patients enrolled in the CCG
through the University of Minnesota.

This project was designed to evaluate two hypotheses:

1. Linkage of pediatric cancer cases between CCG and a central cancer registry can be per-
formed with 95% accuracy and specificity without the use of full names.

1. Ross JA, Severson RK, Pollock BH, Robison LL. Childhood cancer in the United States. A geographical
analysis of cases from the Pediatric Cooperative Clinical Trials groups. Cancer 1996; 77(1):201-7.

2. Bernstein L, Sullivan-Halley J, Krailo MD, Hammond GD. Trends in patterns of treatment of childhood
cancer in Los Angeles County. Cancer 1993; 71:3222-8.

3. Bleyer WA, Tejeda H, Murphy SB, Robison LL, Ross JA, Pollock BH, Severson RK, Brawley OW, Smith
MA, Ungerleider RS. National cancer clinical trials: Children have equal access; Adolescents do not. J
Adolescent Health 1997; 21:366-73.
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2. The CCG/POG registries collected information on 100, 93, 84, and 21% of Minnesota pediat-
ric cancer patients aged birth - 4 years, 5 - 9 years, 10 - 14 years, and 15 - 19 years, respec-
tively.*

The funding agency (CDC-NPCR) added the following objectives:

1. Critically assess the method currently used by the MCSS to calculate expected numbers of
incident cases.

2. Assess the completeness of the MCSS’s data.

Methods

The project was reviewed and approved by IRB’s at each institution involved in the linkage
project. A special project assurance from the Office for the Protection from Research Risks was
also obtained. Two linkages were performed; each will be described separately.

Some important terms used throughout this report are:

Upper threshold: In a probabilistic record linkage run, the linkage weight above which each
record pair is called a “match.”

Lower threshold: In a probabilistic record linkage run, the linkage weight below which each
record pair is called a “non-match.”

Clerical review (gray) zone: In a probabilistic record linkage run, the range of weights between
the upper and lower thresholds. Record pairs with weights in this zone need to be individually
reviewed and/or followed up (usually using additional information) to determine the match status.

Residuals: The records in either of two files being linked, for which no matching record is found
in the other file.

O.E ratio: The number of observed cases in a population divided by the number of cases that
would be expected in that population, if the cancer rates were the same as in a comparison popula-
tion. Sometimes also called a “Standardized Morbidity Ratio.”

California Linkage

Data files: The Children’s Oncology Group worked to deduplicate its combined list of registra-
tions from the CCG and POG and to translate the diagnosis codes used by POG into the coding
system used by the CCG. This deduplicated list, which included cases from several states, was
sent to the California Cancer Registry (CCR, which is located within the Public Health Institute).
The diagnosis years included were 1992-1997 and included all diagnoses registered by COG
facilities. The MCSS prepared a file containing its list of Minnesota residents diagnosed with can-
cer between 1992 and 1997, and 0 - 19 years of age at diagnosis, excluding any tumors with in

* Hypothesized percentages based on Ross et al.
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situ behavior. The MCSS recoded the following variables from its coding system into the system
to be used for the linkage: facility code and race. In consultation with the MCSS, the CCR devel-
oped a method to map the site and histology codes used by central cancer registries into the diag-
nosis codes used by the CCG. No names or initials were included in either the COG or the MCSS
files. A contract was established between the State of Minnesota and the Public Health Institute,
guaranteeing the appropriate data practices protections to the data file provided by the MCSS. The
MCSS data file and all its derivatives were destroyed by the CCR after the linkage was completed
and verified.

Data linkage: AutoMatch was used to perform the linkage. The variables used in the linkage
were: month, day, and year of birth; month, day, and year of diagnosis; diagnosis code; sex; race;
zipcode; and facility code. The linkage was done in steps (multiple passes), using some variables
as blocking variables and others as linkage variables. Blocking variables required an absolute
match between records; linkage variables were assigned probabilities, depending on the degree of
similarity between the two records being compared. Among all the possible matches between any
one record in a file and the records in the other file, AutoMatch selects the record pair with the
highest weight. Appendix A describes the California linkage procedures and the methods for
adjudicating record pairs in the “clerical review” range of linkage weights.

Minnesota Linkage

Data files: The University of Minnesota provided the MCSS with a data file containing informa-
tion on tumors diagnosed in individuals age 0 - 19 between 1988 and 1997, and treated at one of
the CCG facilities for which the University of Minnesota is the coordinating center. The MCSS
prepared a file containing its list of Minnesota residents diagnosed with cancer between 1989 and
1997, and 0 - 19 years of age at diagnosis, excluding tumors with in situ behavior. First, middle,
and last names were included in both the COG and the MCSS files. Both files were examined for
duplicates. The 3,167 records in the University’s file were determined to represent 2,145 distinct
cancers in Minnesota residents diagnosed between 1989 and 1997 (Appendix B). Three of the
records in the MCSS file were determined to be non-reportable (e.g., diagnosed in a still-born
child). The MCSS’s site and histology codes were recoded into the diagnosis coding system used
by the CCG; and the CCG’s race codes were recoded into the codes used by the MCSS (Appendix
O).

Data linkage: AutoMatch was used to perform the linkage. Four separate linkages were per-
formed; one was multi-pass and was designed to match the methods used in California. Each of
the other three linkages were done without blocking, in a single pass (all variables were consid-
ered linkage variables). The variables used in all four linkage runs were: month, day, and year of
birth; month, day, and year of diagnosis; diagnosis code; sex; race; zipcode; and facility code. The
second single-pass linkage run also included initials, and the third included full names. The link-
age using full names was used as the “Gold Standard” to which the other results were compared.
The methods for performing the linkage, determining matching status and adjudicating “clerical
review” record pairs are described in Appendix D.

Follow-up to resolve questionable matches and COG-only cases: For each of the three single-pass
linkage runs, record pairs in the “clerical review” pool were followed up at the University of Min-
nesota’s CCG coordinating center or, when possible, at the CCG facility where the patient
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received treatment. If the specific linkage run did not include names, then the follow-up person
was asked not to use the name in determining the linkage status. Records at facilities were also
reviewed to determine whether or not COG-only cases were reportable under MCSS case defini-
tions (Appendix D).

Assessment of Linkage Accuracy without Names

The results of the three single-pass linkage runs done in Minnesota were adjudicated in the fol-
lowing order, in order to avoid “contaminating” the reviewers’ decisions with knowledge from a
linkage run done with more information: first, the run without names or initials; then the run con-
taining initials; and finally, the run containing names. The results of the runs were compared,
looking for false positive and false negative links as compared to the “Gold Standard” run (the
linkage run using names). The percent of records matched and the number and percent of false
positive and false negative links were tallied. When the results were tabulated by cancer type, the
CCG diagnosis code was used, grouped as documented in Appendix C. The MCSS value for age,
cancer type, and sex was used whenever it was available; otherwise, the CCG value was used.

Expected Numbers of Cases

Two methods were used for calculating the expected number of cases in Minnesota for the years

1992-1997. First, a merged variable (cancer type) was created in SEER* Stat* to group cases into
the International Classification of Childhood Cancer (ICCC) groupings (Appendix E). This was
applied to both MCSS and SEER data. Next, age-, and sex- or cancer type-specific incidence rates
were calculated based on invasive SEER (11 registries) diagnoses in ages 0-19, for the years
1992-1998; and on invasive MCSS diagnoses in ages 0-19, for the years 1988-1991. Thus, two
“standard” or “comparison” populations were used: a national standard (SEER) and historical
MCSS data. Next, the yearly populations and counts of cases were derived using SEER*Stat for
the State of Minnesota, by year, 5-year age group, and sex or cancer type. The age- and sex- or
cancer type-specific incidence rates in the two standard populations were applied in turn to the
MCSS population data to obtain two sets of expected numbers of cases. The results of these two
calculations are compared. Because cross-tabulation of cancer type by age and year resulted in
very small numbers, results are presented by age and year; by age and cancer type; and by age and
sex. The statistical significance of the observed to expected ratios was assessed using the method

described by Bailar.

Completeness Calculations

The results of the California linkage, supplemented by the findings of our follow-up activities
using names, were used to estimate the completeness of casefinding for the two registry systems.
Matching status was based on the use of names, when available. The denominator for the com-
pleteness estimates was the sum of the number of cases identified by both registry systems plus
the number of cases identified solely by the MCSS plus the number of cases identified solely by

4. SEER*Stat is a Windows-based program produced by the NCI. It allows users to load and analyze local
cancer data in a standardized way.

5. Bailar JC and Ederer F. Significance factors for the ratio of a Poisson variable to its expectation. Biomet-
rics 1964; 20:639-643.
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the COG registries. Cases that were identified only by the COG registries but were found to be
non-reportable to the MCSS upon follow-up, were not included in the count of “COG-only”
cases. MCSS-only cases were flagged as having been reported by a COG facility when any of the
following CCG-affiliated institutions had submitted a report on that case: University of Minne-
sota, Dakota Clinic, Gundersen Lutheran Hospital, Children’s Hospital - Minneapolis, Children’s
Hospital - St. Paul, Mayo Clinic, Duluth Clinic/St. Mary’s Hospital, MeritCare Hospital & Clinic,
McKennan Hospital, Methodist Hospital - Minneapolis, and Sioux Valley Hospital - Sioux Falls.
Because several of the CCG facilities reported to the MCSS via their pathology laboratory in var-
ious years, the children whose pathology specimens were read elsewhere but who received treat-
ment at those CCG facilities would not necessarily have a CCG-affiliated report in the MCSS’s
database.

When cross-tabulating the completeness estimates by age, sex, year of diagnosis, or cancer type,
the MCSS value was used whenever it was available; otherwise, the COG value was used.

Results

Accuracy of matching on diagnosis codes

Out of 1,052 of the record pairs determined to be a match in the Minnesota linkage, the CCG
diagnosis code and the recoded MCSS diagnosis code were in different groups for 28 pairs (see
Appendix C for definition of diagnosis groups). Eleven of the 28 represented various tumors that
might be labeled as “PNET” (primitive neuroectodermal tumors; the same acronym is sometimes
used for peripheral primitive neuroectodermal tumors, although the more correct acronym for
these is “PPNET”). It appeared that the CCG diagnosis often matched the diagnosis on one of the
multiple reports received by the MCSS for a case, but the MCSS had consolidated the diagnosis to
something else. There were an additional 146 matched record pairs where the CCG diagnosis
code and the recoded MCSS diagnosis code were in the same group but not identical (e.g., leuke-
mia NOS versus acute lymphocytic leukemia).

Overall Linkage Results

California Linkage: The California linkage included 1,206 COG records and 1,428 MCSS
records. Table 1 shows the distribution of the 1,206 record pairs returned from California, by
AutoMatch linkage status. Most (79%) of the COG records matched with an MCSS record, and
165 (14%) were classified as COG-only residuals. Sixty-six (79%) of the clerical review pairs
were determined to be matches.

Minnesota Linkage: The Minnesota linkage included 1,245 CCG records and 2,131 MCSS
records. Tables 2 - 4 show the distribution of the 1,245 record pairs for each of the three single-
pass linkage runs. Adding initials and names mostly reduced the number of clerical review pairs
(from 10% of records when no names or initials were used) to 6% to 3%, respectively, when ini-
tials or names were included as linkage variables. All 32 of the clerical review pairs from the link-
age using names were determined to be matches (Table 4). Of the 75 clerical review pairs in the
linkage using initials, 93% (all but 5) were determined to be matches (Table 3). Of the 119 clerical
review pairs in the linkage without names or initials, only 74% were determined to be matches
(Table 2).
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Accuracy and specificity of record linkage without the use of full names

Table 5 shows the final decision on match status for the three Minnesota linkage runs. Regardless
of whether or not names or initials were used in the linkage, 47% of the cases matched. Using the
linkage run that included names as the “Gold Standard,” Table 6 shows the sensitivity, specificity,
and positive and negative predictive values for the two runs that did not include names. No false
positive links occurred, resulting in 100% specificity and 100% positive predictive values. Use of
initials instead of names decreased the sensitivity by 0.4 percentage points (to 99.6%), and the
negative predictive value by 2.4 percentage points (to 97.6%). Without initials, the linkage sensi-
tivity dropped by another 0.2 percentage points (to 99.4%), and the negative predictive value
dropped 1.2 more percentage points (to 96.4%). Therefore, linkage between registries of pediatric
cancer diagnoses, at least in Minnesota, can be accomplished with very high accuracy and speci-
ficity (> 95%) without the use of names or initials.

Results of follow-up of CCG-only residuals

Table 7 shows the distribution of the results of follow-up for the 161 CCG-only residuals from the
Minnesota linkage (1989-1997). All but 18 were found to have been non-reportable to the MCSS
at the time of diagnosis. Some (22, or 14%) were not reportable because the MCSS does not col-
lect information on cancers without microscopic confirmation. Thirty percent were found not to
be residents of Minnesota, even though CCG had recorded a Minnesota zip code. Another 40% of
the residuals represented diagnoses that are not collected by central cancer registries; e.g. myelo-
proliferative diseases, teratoma (non-malignant germ cell tumors), and other conditions with a
benign or uncertain behavior code and outside the central nervous system (CNS). The number of
CCG residuals in this category would undoubtedly have been larger, if the MCSS did not collect
information on CNS tumors of benign or uncertain behavior. Among the 226 CNS tumors regis-
tered by both MCSS and CCG, 40 (18%) had a non-malignant behavior code.

Calculation of expected numbers of pediatric/adolescent cancers

As shown in Tables 8 through 11, the observed numbers of cancers in individuals aged 0 - 19
years in Minnesota were, overall, quite close to the expected numbers for either set of “standard”
populations. Tables 8 and 10 use historical (1988 - 1991) MCSS data as the standard population;
Tables 9 and 11 use concurrent (1992 - 1998) SEER data as the standard population.

Compared to historical (1988-1991) MCSS data, observed numbers by age group and year
between 1992 and 1997 varied from as much as 30% below to nearly 25% above expected (Table
8). However, only one age/year-specific observed to expected (O:E) ratio was statistically signifi-
cantly different from 1.0 (the 30% deficit in 10-14 year olds in 1995). Over the entire 6-year
period, the O:E ratios by age ranged from 0.89 to 1.03. Combining all 4 age groups, the yearly
O:E ratios ranged from 0.91 to 1.07. The overall O:E ratio in 1992 - 1997, based on 1988 - 1991
incidence, was 0.96. Observed numbers by cancer type and age group also varied, from 100%
below to 346% above the expected number (Table 9). Several O:E ratios were statistically signifi-
cantly above 1.0: lymphomas (age 0-4), renal tumors (age 15-19), malignant bone tumors (ages 5-
9 and 15-19), and germ cell tumors (ages 0-4, 15-19, and all ages combined). Also, several O:E
ratios were significantly below 1.0: leukemias (age 0-4 and all ages combined), malignant CNS
tumors (age 15-19 and all ages combined), and soft tissue tumors (age 0-4 and all ages combined).
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Tables 8 and 9 include 95 distinct O:E ratios, so one would expect approximately 4 to 5 “statisti-
cally significant” O:E ratios by chance alone.

Compared to concurrent (1992-1998) SEER data, observed numbers by age group and year
between 1992 and 1997 varied from as much as 20% below to as much as 39% above expected
(Table 10). Only one age/year-specific O:E ratio was statistically significant (the 39% excess in
age 10-14, in 1994). Over the entire 6-year period, the O:E ratios by age ranged from 1.00 to 1.04.
Combining all 4 age groups, the yearly O:E ratios ranged from 0.97 to 1.03. The overall O:E ratio
in Minnesota 1992 - 1997, based on SEER 1992-1998 incidence, was 1.02. Observed numbers by
cancer type and age group also varied, from 100% below to 364% above the expected number
(Table 11). Three O:E ratios were statistically significantly above 1.0: lymphomas (age 0-4 and all
ages combined) and renal tumors (age 15-19). None of the O:E ratios were significantly below
1.0. Tables 10 and 11 include 95 distinct O:E ratios, so one would expect approximately 4 to 5
“statistically significant” O:E ratios by chance alone.

Completeness of CCG/POG and MCSS

Tables 12 through 18 show the reporting source, by age group and diagnosis year, for the 1,475
distinct cases identified either through the COG registries or the MCSS for the years 1992-1997.
Similarly, Tables 19 and 20 show the reporting source by cancer type and sex for all years and
ages combined. These tables are based on the California linkage (which included all cases regis-
tered by COG facilities for the state of Minnesota). COG-only cases that were determined to be
non-reportable after follow-up using names (see Methods) were excluded from these tabulations,
resulting in 1,475 distinct cases registered by either MCSS or COG.

Overall, MCSS casefinding was 96.8% complete, and COG casefinding was 72.9% complete
(Table 18). COG casefinding was most complete for the youngest age group and was noticeably
less complete for the oldest age group. As shown in Figure 1, COG casefinding was 93.6% (vs.
100% hypothesized), 92.3% (vs. 93% hypothesized), 78.7% (vs. 84% hypothesized), and 38.8%
(vs. 21% hypothesized) complete for the age groups 0-4, 5-9, 10-14, and 15-19, respectively.
Thus, COG registration in Minnesota was less complete than predicted for ages 0-4 and 10-14, but
more complete than predicted for age group 5-9 and 14-19 (p < .05 for all 4 comparisons).

Completeness of casefinding varied by cancer type (Table 19 and Figure 2). Completeness of
casefinding for the MCSS varied from 81.6% (for histiocytoses) to 100% for kidney tumors, liver
tumors, and malignant melanomas. Completeness of casefinding for the COG registries varied
from 9.8% (for malignant melanomas) to 97.3% for sympathetic nervous system tumors. In gen-
eral, COG completeness tended to be lower for cancer types with a higher proportion of cases
diagnosed in the age group 15-19.

In an attempt to estimate the effect of incomplete registration within COG-associated facilities vs.
incomplete registration because of non-referral to a COG-associated facility, Figures 3 and 4 show
the distribution of the MCSS’s reporting source (COG-associated facility or not) by age group and
cancer type. Most of the MCSS-only cases in children aged 0-14 had been reported by a COG-
associated facility, while most of the MCSS-only cases in older children were reported by non
COG-associated facilities (Figure 3). Lymphomas, miscellaneous tumors, germ cell tumors, and
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melanomas had the largest proportions of MCSS-only cases reported by non COG-associated
facilities (Figure 4).

Discussion

Record Linkage

Challenges encountered in this linkage project were the non-identical diagnosis coding systems,
the non-identical case reportability definitions, and the non-availability of full identifiers from one
of the registry systems. The first challenge mainly resulted in more work, deciding how to most
accurately mimic the clinicians’ assignment of CCG diagnosis codes, based on the MCSS’s ICD-
O site and histology codes. The second two challenges, combined, could result in a large underes-
timate of the completeness of casefinding in the central registry. This is because cases not report-
able to the central registry but collected by COG would be counted as “missed” by the central
registry. Fortunately, in Minnesota names were available directly from the University of Minne-
sota for most of the COG registrants.

Linkage between pediatric cancer registries can be done amazingly well without the use of names
or even initials, although the percentage of clerical-review pairs increased from 3% to 10% with
decreasing amounts of information (Tables 2 - 4). The only variables used in this linkage, that are
traditionally considered to be “identifiers,” were date of birth, race, and zipcode of residence. The
fact that pediatric cancer is a rare disease most likely explains the extremely high sensitivity and
specificity achieved in these record linkages. Also, the availability within the MCSS of the origi-
nally-reported records (not just the consolidated information) allowed clerical review to be done
with greater accuracy.

Calculation of Expected Numbers

There are two main purposes for computing observed to expected ratios. One is to estimate the
completeness of casefinding by comparison to another population, and the other is to estimate
whether cancer occurrence in a smaller population is excessive or not. Assuming that cancer inci-
dence between the ages of 0 and 19 in Minnesota has been stable and does not vary much between
Minnesota and the 11 SEER registries, the MCSS appears to have very complete casefinding. Tak-
ing the converse assumption — that completeness of casefinding has been stable in Minnesota
over time and that it is similar to the completeness of SEER registries — it would appear that
overall pediatric cancer incidence in Minnesota has been quite stable between 1988 and 1997, and
that it is quite similar to that in the 11 SEER registries.

In this project, two “standard” populations were used: historical (1988-1991) Minnesota data and
concurrent (1992-1998) data from the 11 SEER registries. There are advantages and disadvan-
tages to both choices. The main advantage of using local, historical data is that excesses or deficits
in observed numbers are likely to be the result of changes in occurrence. Disadvantages of this
method are that (1) there may be insufficient numbers of cases upon which to estimate the “stan-
dard” rates, and (2) if casefinding or ascertainment procedures change over time, then the O:E
ratios will be very difficult to interpret because they will be a function of both changes in inci-
dence and changes in completeness of casefinding. The first disadvantage undoubtedly applied in
this project when we used 1988-1991 Minnesota data, especially for calculating expected
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numbers by cancer type. The fact that more “statistically significant” O:E ratios were found in
Table 9 than Table 11 is probably because of the small numbers of cases upon which some of the
historical Minnesota age- and cancer-specific incidence rates were based. Bailar’s statistical test
assumes no error in the calculation of the expected number, so the variance estimate of each com-
parison was not as large as it should have been. We believe that the completeness of casefinding in
Minnesota has been consistent over the entire 10-year period, so the second disadvantage does not

apply.

The advantages of using data from a concurrent, non-local registry system are that (1) time trends
are less likely to confound the O:E ratios; (2) a high-quality — i.e., complete — registry system
can be used as the standard; and (3) larger numbers are available for calculating the “standard”
rates. The main disadvantage of this method is that cancer occurrence may actually differ between
the two areas, making it difficult to know whether unusual O:E ratios are because of differing
completeness of ascertainment or because of real differences between the populations. The major
differences between Minnesota and SEER regions are that the racial distributions are not very
similar (approximately 94% of the Minnesota population is white, unlike the very racially-diverse
SEER population); and that Minnesota collects only microscopically-confirmed cancers, while
SEER data include all methods of diagnosis. The statistically elevated O:E ratios observed for
lymphomas among Minnesota children are consistent with other observations of elevated lym-
phoma rates in the upper Midwest. Interestingly, the O:E ratios for cancers that are less likely to
have microscopic confirmation (e.g., retinoblastoma and CNS tumors) were not significantly
below 1.0. The 95% confidence interval for the retinoblastoma O:E ratio was 0.48, 1.22.

Completeness of Casefinding

The results of the linkage between the MCSS and COG registries shows that the MCSS has very
complete casefinding. MCSS’s completeness was above 95% for all types of cancer except the
histiocytoses (81.6%) and retinoblastomas (90.9%). The 82% completeness for histiocytoses is
most likely an underestimate of the MCSS’s true completeness, because an unknown number of
CCG-registered histiocytoses were benign and therefore not reportable to the MCSS. The MCSS
may truly be only 91% complete for retinoblastomas, because no specimens are obtained if that
cancer can be diagnosed early enough.

The results also indicate that Minnesota COG registration is quite complete, especially for chil-
dren under age 15. However, more complete registration is needed before COG can be considered
truly representative of the Minnesota population. Some improvement in COG completeness could
be made by ensuring that all children treated at COG facilities get registered by COG. This would
improve completeness especially for children under age 15 (Figure 3). The proportion of MCSS-
only cases not reported by COG facilities was highest in the 15-19 age group. Most of these cases
will be included in the CCRN only through collaboration between COG and central cancer regis-
tries.

Conclusions
Because pediatric cancer is rare, record linkage of pediatric cancer information can be done

extremely well without the use of names or initials (albeit with a lot of clerical review). However,
without names it is very difficult to perform follow-up to determine the reasons that specific cases

10



MCSS Epidemiology Report 2001:2

were not included in one of the data bases. Without such follow-up, the completeness of the cen-
tral registry will appear to be worse than in reality because of the fact that COG registers tumors
that are not collected by central cancer registries.

The results of calculating observed to expected ratios to evaluate completeness of cancer registra-
tion are very dependent on the size and similarity of the standard population chosen. This is espe-
cially challenging for pediatric cancer because pediatric cancer is so rare. Because the NAACCR
method for estimating completeness is based on concurrent cancer mortality in the region being
evaluated, a pediatric adaptation of the NAACCR method would eliminate many of the disadvan-
tages of the method used in this project.

The MCSS has exceptionally complete cancer registration.

Collaborations will need to be needed between the Children’s Cancer Research Network and cen-
tral cancer registries throughout the United States in order to ensure that the CCRN is population-
based. The CCRN has begun work in this area. Because of the data privacy protections accorded
to the information contained in central cancer registries, additional resources will need to made
available so that the necessary informed consents can be obtained for sharing of information from
central registries to the CCRN. The detailed treatment information collected by the CCRN would
be very helpful to central cancer registries.
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Tables

Table 1: AutoMatch Status of 1,206 COG records, California Linkage?

AutoMatch Status N (% of total)
Match (MP) 957 (79)
Clerical Review (CP) 84 ( 7)
COG Residuals (RS) 165 (14)

a. linkage variables: month, day, and year of birth; month, day, and year of diag-
nosis; diagnosis code; sex; race; zipcode; and facility code

Table 2: Match Status of 1,245 CCG records, Minnesota Linkage without names or initials?

Match Status® N (% of total)
Exact Match (ME) 593 (48)
“Weight” Match (MW) 204 (16)
“Decision” Match (MD) 192 (15)
Clerical Review (C) 119 (10)
CCG Residuals (N) 137 (11)

a. linkage variables: month, day, and year of birth; month, day, and year of diag-
nosis; diagnosis code; sex; race; zipcode; and facility code
b. See Appendix D for definitions.

Table 3: Match Status of 1,245 CCG records, Minnesota Linkage using initials®

Match Status? N (% of total)
Exact Match (ME) 589 (47)
“Weight” Match (MW) 219 (18)
“Decision” Match (MD) 201 (16)
Clerical Review (C) 75 ( 6)
CCG Residuals (N) 161 (13)

a. linkage variables: month, day, and year of birth; month, day, and year of diag-
nosis; diagnosis code; sex; race; zipcode; facility code; first and last initials of
name

b. See Appendix D for definitions.

12
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Table 4: Match Status of 1,245 CCG records, Minnesota Linkage using names?®

Match Status® N (% of total)
Exact Match (ME) 576 (46)
“Weight” Match (MW) 444 (306)
“Decision” Match (MD) 32( 3)
Clerical Review (C) 32( 3)
CCG Residuals (N) 161 (13)

a. linkage variables: month, day, and year of birth; month, day, and year of diag-
nosis; diagnosis code; sex; race; zipcode; facility code; and first, middle, and
last names

b. See Appendix D for definitions.

Table 5: Final Matching Decision by Linkage Run, Minnesota Linkages (total N* = 2,435)

CCG-only MCSS-only
Matched residual® residual
Linkage Run® n (%) n (%) n (%)
Full Names 1084 (47.3) 161 (7.0) 1047 (45.7)
Initials 1080 (47.1) 165 (7.2) 1047 (45.7)
No names or initials 1078 (47.0) 167 (7.3) 1047 (45.7)

a. Number of distinct cases from either file

b. All three runs included the following linkage variables: month, day, and year of birth; month, day,
and year of diagnosis; diagnosis code; sex; race; zipcode; and facility code.

c¢. Includes 143 subsequently-verified, non-reportable diagnoses in CCG file.

13
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Table 6: Matching Accuracy by Linkage Run? (total NP = 1,245)

“Gold” Standard®

Accuracy Calculations

Linkage Run
Decision Match Not a Matchd Sensitivity® Speciﬁcityf +PpPve -pvh
Initials 99.6% 100% 100% 97.6%
Match 1080 0
Not a Match 4 161
No names or initials 99.4% 100% 100% 96.4%
Match 1078 0
Not a Match 6 161

a. All runs included the following linkage variables: month, day, and year of birth; month, day, and year of
diagnosis; diagnosis code; sex; race; zipcode; and facility code.

Linkage run including names

@ o a0 o

. Linkage results for 1,245 CCG records (smaller file).

. Includes 143 subsequently-verified, non-reportable diagnoses in CCG file.

Sensitivity = Number called a match by non-Gold Std / number of true matches

Specificity = Number called a non-match by non-Gold Std / number of true non-matches

. Positive Predictive Value = Number of true matches / number called a match by non-Gold Std

. Negative Predictive Value = Number of true non-matches / number called a non-match by non-Gold Std

Table 7: Results of Follow-up, 161 CCG Residuals from Minnesota linkage

Follow-Up Result N(% of residuals)
Missed by MCSS 18 (11%)
Dx not reportable 64 (40%)
Not micro confirmed 22 (14%)
Not MN resident 48 (30%)
20+ years old at dx 6 (4%)
Dx after 1997 2 (1%)
No record at facility 1 (0.5%)

14
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Table 8: Observed & Expected® Numbers of Cases, with O:E Ratiob, by Age and Year, Minnesota 1992-
1997¢, using Minnesota Incidence 1988-1991 as Standard

Dx Age 0-4 Age 5-9 Age 10-14 Age 15-19 Total

Year Obs Exp O:E Obs Exp OE Obs Exp OE Obs Exp OFE Obs Exp OE
1992 75 738 1.02 31 407 076 39 482 081 71 608 1.17 216 223.6 0.97
1993 73 73.0 1.00 41 407 101 37 497 074 64 628 1.02 215 226.1 095
1994 71 717 099 39 408 096 62 504 123 72 654 1.10 244 2284 1.07
1995 62 703 0.88 44 407 1.08 36 509 0719 68 681 1.00 210 2300 091
1996 60 696 086 42 404 104 54 512 105 66 71.0 093 222 2323 096
1997 69 696 099 38 403 094 40 515 078 72 737 098 219 2351 093
Total® 410 428.0 096 235 2437 096 268 302.0 0.89 413 401.8 1.03 1326 13755 0.96

o a0 o

Expected = Age-specific rate in standard population x population in target population

Ratio of observed to expected numbers of cases

The “target population”

O:E ratio significantly different from 1.0, p <.05
Observed and expected numbers for 1992-1996 were obtained by summing over the 6 years.

2:100¢ oday A3ojoruapids SSON
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Table 9: Observed & Expected® Numbers of Cases, with O:E Ratio®, by Age and Cancer Type, Minnesota 1992-1997¢, using
Minnesota Incidence 1988-1991 as Standard

Age 0-4 Age 5-9 Age 10-14 Age 15-19 Total
Cancer Typed Obs Exp O:E Obs Exp O:E Obs Exp OE Obs Exp OE Obs Exp OE

Leukemias 131 178.0 0.74° 83 82.1 1.01 54 505 1.07 52 547 095 320 3576 0.89°
Lymphoma and other
reticuloendothelial neoplasms 40 189 2.12° 33 39.6  0.83 55 658 0.84 108 1223 0.88 236 2509 0.94
CNS & Misc intracranial &
intraspinal neoplasms 58 580 1.00 69 775  0.89 55 69.0 0.80 36 500 0720 218 2550 0.86°
Sympathetic nervous system
tumors 62 564 1.10 6 6.0 0.99 3 50 0.60 4 3.1 1.28 75 67.6 1.11
Retinoblastoma 19 202 0% 0 46 0.00 1 0.0 ~ 0 0.0 ~ 20 236 085
Renal tumors 47 405 1.16 5 6.0 0.83 1 1.7 058 7 1.6 4.46° 60 472  1.27
Hepatic tumors 11 144  0.76 0 1.5 0.00 1 1.7 0.58 2 1.6 1.28 14 18.7 0.75
Malignant bone tumors 4 14 29 12 31 384 30 406 074 31 161 193 77 619 1.24
Soft tissue sarcomas 14 261 054" 12 167 072 25 252 099 24 306 078 75 986 0.76
Germ cell, trophoblastic and other
gonadal neoplasms 20 72 2.78° 8 0.0 ~ 10 15.1  0.66 61 46.6 131f 99 70.1  1.41°
Carcinomas & other malignant
epithelial neoplasms 4 7.2 0.56 6 6.0 0.99 33 27.0 1.22 86 72.5 1.19 129 114.9 1.12
Other and unspecified malignant
tumors 0 0.0 ~ 1 0.0 ~ 0 0.0 ~ 2 1.6  1.28 3 1.6 1.84
Total 410 4282 096 235 2430 097 268 301.6 089 413 400.6 1.03 1326 1367.6 0.97

a. Expected = Age-specific rate in standard population x person-years in target population

b. Ratio of observed to expected numbers of cases

c. The “target population”

d. ICCC Cancer Groupings

e. O:E ratio significantly different from 1.0, p <.01

f. O:E ratio significantly different from 1.0, p <.05
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Table 10: Observed & Expected® Numbers of Cases, with O:E Ratiob, by Age and Year, Minnesota 1992-
1997¢, using SEER Incidence 1992-1998 as Standard

Age 0-4 Age 5-9 Age 10-14 Age 15-19 Total
Dx
Year Obs Exp O:E Obs Exp O:E Obs Exp O:E Obs Exp O:E Obs Exp OE
1992 75 69.5 1.08 31 383 0.81 39 427 0091 71 600 1.18 216 2104 1.03
1993 73 68.7 1.06 41 382 1.07 37 440 084 64 61.8 1.03 215 212.7 1.01
1994 71 675 1.05 39 384 1.02 62 447 1399 72 644 1.12 244 2150 1.13
1995 62 66.1 094 44 383 1.15 36 451 080 68 67.1 1.01 210 216.6 0.97
1996 60 655 092 42 38.0 1.11 54 454 119 66 70.0 094 222 218.8 1.01
1997 69 655 1.05 38 379 1.00 40 456 088 72 72.6 099 219 221.6 0.99
= Total® 410 402.7 1.02 235 229.1 1.03 268 267.5 1.00 413 3959 1.04 1326 12952 1.02

a. Expected = Age-specific rate in standard population x population in target population

b. Ratio of observed to expected numbers of cases

c. The “target population”

d. O:E ratio significantly different from 1.0, p <.05

e. Observed and expected numbers for 1992-1996 were obtained by summing over the 6 years.
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Table 11: Observed & Expected® Numbers of Cases, with O:E Ratio®, by Age and Cancer Type, Minnesota 1992-1997¢, using

SEER Incidence 1992-1998 as Standard

Age 0-4 Age 5-9 Age 10-14 Age 15-19 Total
Cancer Typed Obs Exp O:E Obs Exp OE Obs Exp O:E Obs Exp OE Obs Exp OE
Leukemias 131  149.2 0.88 83 82.1 1.01 54 61.5 0.88 52 50.0 1.04 320 336.4 0.95
Lymphoma and other
reticuloendothelial neoplasms 40 16.5 2.42° 33 262 1.26 55 50.5 1.09 108 95.1 1.14 236 1914 1.23°
CNS & Misc intracranial &
intraspinal neoplasms 58 689 0.84 69 61.6 1.12 55 55.7 099 36 382 094 218 2224 0098
Sympathetic nervous system
tumors 62 545 1.14 6 6.7 0.90 3 22 139 4 22 186 75 619 121
Retinoblastoma 19 25.1  0.76 0 1.2 0.00 1 02 4.64 0 0.2 0.00 20 253 0.79
Renal tumors 47 374 1.26 5 11.2 044 1 1.9 0.52 7 24 2.98f 60 50.5 1.19
Hepatic tumors 11 93 1.18 0 1.2 0.00 1 1.3 077 2 25 0.78 14 13.8 1.01
Malignant bone tumors 4 1.8 2.28 12 10.8 1.11 30 26.5 1.13 31 319 097 77 72.5  1.06
Soft tissue sarcomas 14 20.0 0.70 12 16.7 0.72 25 248 1.01 24 28.6  0.84 75 904 0.83
Germ cell, trophoblastic and
other gonadal neoplasms 20 152 1.32 8 52 154 10 16.8 0.59 61 60.8 1.00 99 99.4 1.00
Carcinomas & other malignant
epithelial neoplasms 4 33 1.21 6 6.2 096 33 252 131 86 82.1 1.05 129 119.7 1.08
Other and unspecified
malignant tumors 0 1.4 0.00 1 0.8 1.20 0 1.3 0.00 2 2.5 078 3 57 0.53
Total 410 4025 1.02 235 230.1 1.02 268 268.0 1.00 413 3965 1.04 1326 12894 1.03
a. Expected = Age-specific rate in standard population x person-years in target population
b. Ratio of observed to expected numbers of cases
c¢. The “target population”
d. ICCC Cancer Groupings
e. O:E ratio significantly different from 1.0, p <.01
f. O:E ratio significantly different from 1.0, p <.05
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Table 12: Reporting Source by Age, 1992 Diagnoses, MCSS-COG linkage

Both MCSS MCSS only, MCSS only,

& COG COGonly COG facility non-COG facility Total

Age Group n (%) n (%) n (%) n (%) n (%)
0-4 71 (89.9) 3(3.8) 2( 2.5) 3( 3.8) 79 (33.2)
5-9 28 (80.0) 3 (8.6) 2(5.7) 2(5.7) 35 (14.7)
10-14 29 (67.4) 1(2.3) 6 (14.0) 7(16.3) 43 (18.1)
15-19 18 (22.2) 2(2.5) 16 (19.8) 45 (55.6) 81 (34.0)
Total 146 (61.3)  9( 3.8) 26 (10.9) 57 (23.9) 238 (100.0)

Table 13: Reporting Source by Age, 1993 Diagnoses, MCSS-COG linkage

Both MCSS MCSS only, MCSS only,

& COG COGonly COG facility non-COG facility Total

Age Group n (%) n (%) n (%) n (%) n (%)
0-4 67 (88.2) 2 (2.6) 4( 5.3) 3( 3.9) 76 (32.6)
5-9 39 (90.7) 1(2.3) 2( 4.7 1(2.3) 43 (18.5)
10-14 32 (78.0) 1(2.4) 6 (14.6) 2( 4.9 41 (17.6)
15-19 26 (35.6) 2(2.7) 16 (21.9) 29 (39.7) 73 (31.3)
Total 164 (70.4) 6 (2.6) 28 (12.0) 35 (15.0) 233 (100.0)

Table 14: Reporting Source by Age, 1994 Diagnoses, MCSS-COG linkage

Both MCSS MCSS only, MCSS only,

& COG COGonly COG facility non-COG facility Total

Age Group n (%) n (%) n (%) n (%) n (%)
0-4 69 (92.0) 3 (4.0) 3( 4.0) 0( 0.0) 75 (28.0)
5-9 40 (88.9) 2 (4.4) 3(6.7) 0( 0.0) 45 (16.8)
10-14 56 (80.0) 1(1.4) 8 (11.4) 5(7.1) 70 (26.1)
15-19 27 (34.6) 1(1.3) 15 (19.2) 35 (44.9) 78 (29.1)

Total 192 (71.6) 7(2.6) 29 (10.8) 40 (14.9) 268 (100.0)
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Table 15: Reporting Source by Age, 1995 Diagnoses, MCSS-COG linkage

Both MCSS MCSS only, MCSS only,

& COG COG only COG facility non-COG facility Total
Age Group n (%) n (%) n (%) n (%) n (%)
0-4 63 (92.6) 2(29) 2(29) 1( L.5) 68 (27.6)
5-9 44 (89.8) 2(4.1) 3(6.1) 0( 0.0) 49 (19.9)
10-14 31(59.6) 8(15.4) 6 (11.5) 7 (13.5) 52 (21.1)
15-19 34 (44.2) 1(1.3) 18 (23.4) 24 (31.2) 77 (31.3)
Total 172 (69.9) 13 ( 5.3) 29 (11.8) 32 (13.0) 246 (100.0)

Table 16: Reporting Source by Age, 1996 Diagnoses, MCSS-COG linkage

Both MCSS MCSS only, MCSS only,

& COG COG only COG facility non-COG facility Total
Age Group n (%) n (%) n (%) n (%) n (%)
0-4 60 (92.3) 3(4.6) 1( L5) 1( L.5) 65 (26.2)
5-9 44 (95.7) 0 (0.0) 1(22) 1(22) 46 (18.5)
10-14 47 (73.4) 34.7) 10 (15.6) 4( 6.3) 64 (25.8)
15-19 28 (38.4) 2(2.7) 14 (19.2) 29 (39.7) 73 (29.4)
Total 179 (72.2) 8(3.2) 26 (10.5) 35(14.1) 248 (100.0)

Table 17: Reporting Source by Age, 1997 Diagnoses, MCSS-COG linkage

Both MCSS MCSS only, MCSS only,

& COG COGonly COG facility non-COG facility Total
Age Group n (%) n (%) n (%) n (%) n (%)
0-4 61 (84.7) 3(4.2) 8 (11.1) 0( 0.0) 72 (29.8)
5-9 37 (88.1) 0 (0.0) 5(11.9) 0( 0.0) 42 (17.4)
10-14 38 (86.4) 0 (0.0) 5(11.4) 1(2.3) 44 (18.2)
15-19 39 (46.4) 1(1.2) 17 (20.2) 27 (32.1) 84 (34.7)
Total 175 (72.3) 4 (1.7) 35(14.5) 28 (11.6) 242 (100.0)
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Table 18: Reporting Source by Age, 1992-1997 Diagnoses, MCSS-COG linkage

Both MCSS MCSS only, MCSS only,

& COG COG only COG facility non-COG facility Total

Age Group n (%) n (%) n (%) n (%) n (%)
0-4 391 (89.9) 16 (3.7) 20 (4.6) 8 (1.8) 435 (29.5)
5-9 232 (89.2) 8(3.1) 16 (6.2) 4 (1.5) 260 (17.6)
10-14 233 (74.2) 14 (4.5) 41 (13.1) 26 (8.3) 314 (21.3)
15-19 172 (36.9) 9(1.9) 96 (20.6) 189 (40.6) 466 (31.6)
Total 1028 (69.7) 47 (3.2) 173 (11.7) 227 (15.4) 1475 (100.0)

Table 19: Reporting Source by Cancer Type?, 1992-1997 Diagnoses, MCSS-COG linkage

Both MCSS MCSS only, MCSS only,

& COG COGonly COG facility non-COG facility Total

Cancer Type n (%) n (%) n (%) n (%) n (%)
Leukemia 293 (89.9) 6(1.8) 14 (4.3) 13 (4.0) 326 (22.1)
Lymphoma 130 (61.9) 6(2.9) 22 (10.5) 52 (24.8) 210 (14.2)
Brain/CNSP 226 (66.7) 14 (4.1) 63 (18.6) 36 (10.6) 339 (23.0)
Sympathetic Nervous System 72 (96.0) 1(1.3) 227 0(0.0) 75 (5.1)
Retinoblastoma 19 (86.4) 2(9.1) 1(4.5) 0(0.0) 22 (1.5)
Kidney 55(93.2) 0(0.0) 2(3.4) 2(3.4) 59 (4.0)
Liver 10 (71.4) 0(0.0) 3(21.4) 1(7.1) 14 (0.9)
Bone 68 (86.1) 2 (2.5) 7(8.9) 2(2.5) 79 (5.4)
Germ Cell Tumors 44 (48.9) 3(3.3) 12 (13.3) 31(344) 90 (6.1)
Soft Tissue Sarcomas 48 (64.9) 1(1.4) 11 (14.9) 14 (18.9) 74 (5.0)
Malignant Melanomas 4(9.8) 0(0.0) 11 (26.8) 26 (63.4) 41 (2.8)
Misc. other tumors 32 (29.6) 5(4.6) 23 (21.3) 48 (44.4) 108 (7.3)
Histiocytoses® 27 (71.1) 7(18.4) 2(5.3) 2(5.3) 38 (2.6)
Total 1028 (69.7) 47 (3.2) 173 (11.7) 227 (15.4) 1475 (100.0)

a. Classified via CCG cancer groupings (not strict ICCC groupings).
b. Includes tumors of benign & uncertain behavior (both MCSS & COG).
c. COG includes benign histiocytoses in this category; MCSS does not.
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Table 20: Reporting Source by Sex, 1992-1997 Diagnoses, MCSS-COG linkage

Both MCSS MCSS only, MCSS only,
& COG COGonly COG facility non-COG facility Total
Sex n (%) n (%) n (%) n (%) n (%)
Male 575 (74.7) 27 (3.5) 81 (10.5) 87 (11.3) 770 (52.2)
Female 453 (64.3) 20 (2.8) 92 (13.0) 140 (19.9) 705 (47.8)
Total 1028 (69.7) 47 (3.2) 173 (11.7) 227 (15.4) 1475 (100.0)

Figures
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Figure 2: Completeness by Dhapnosis and Repistry Svstem
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Figure 4: Reporting Source (COG-associated facility or not), by

Cancer Type,
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Appendix A: California Linkage Procedures

Multiple passes were used to perform the linkage. After each pass, the user defines the upper and
lower thresholds in order to decide which records are used in the next pass.

Blocking schedule of the California strategy. B represents blocking variables; L represents link-
age variables.

Dgy of Mopth Y}r of Dayof Month Yrof Sex Dx Race Zip Fac
birth  of birth birth dx of dx dx Code
Pass 1 B B B B B B B B - B -
Pass 2 B B B L L B B B L L -
Pass 3 L B B L B B L L L L -
Pass 4 L B B L B B L L - - L
Pass 5 L L L L L B B L B L -
Pass 6 L B B L L B L L - - L
Pass 7 L L B - L B L L - - B

Evaluating clericals:

There are a few records with SSN. If that was available and was a match to the registry record, |
accepted it.

Pass One will have no clericals. This is a deterministic match.

CCG Code: Is it the same class or type of cancer? There are also some ICDO codes on the COG
file. If the CCG codes didn’t match, I compared ICDO codes. For items such as PNET and germi-
nomas, CCG coding may not be as absolute as the CCG code definition program (i.e. germinoma
of the brain might be listed as a CNS tumor, not a germinoma). If the CCG code didn’t match and
wasn’t in the same class of cancer, but the remainder of the variables had a good deal of concor-
dance, I evaluated the CCG code vs. the registry assigned code using the registry ICDO site and
histology.

Day of Diagnosis: Matched CCG code: If within 15 days for CCG code 1010 (ALL), considered
match. 30 day window for the others CCG codes. Made certain to evaluate if time span wrapped
around the beginning of a year (i.e. 12/95 vs. 1/96).

Zip: Looked for transpositions/mistyped numbers. If blank: looked at hospital zip.

Birthdate: Looked for Month and Day transpositions (i.e. 12/04/75 vs. 04/12/75) and concordance
with other variables. Without names or initials, I held birth year as a ‘gold standard’.
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Appendix B: Minnesota Deduplication Procedures

Table B.1: Steps of the selection on inclusion criteria and the deleting of duplicate records!

Step OI;IEI:E:;S Description of the records
1 3167  Initial file (date of diagnosis > 01/01/1988)
259  Date of diagnosis < 01/01/1989 or > 12/31/1997: excluded
2 2908  Date of diagnosis 01/01/1989 - 12/31/1997 (the correct time window)
834  Duplicates on registration number and date of diagnosis: excluded
3 2074  Date of diagnosis 01/01/1989 - 12/31/1997 without duplicates on regis-

tration number and date of diagnosis
13 Duplicates found by using AutoMatch Undup: excluded
4 2061 “Un-duplicated” CCG file
816  Non-Minnesota zip codes = (<55000 or >56999): excluded

1245  Unduplicated CCG file without non-Minnesota Zip codes (46 Zip codes
unknown)

1. Reproduced with permission from VanDalen, Jeroen. Inventory of the Medical-Record Linkage Process.
Master thesis written as part of the Medical Informatics course at the University of Amsterdam, April
2001.
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Appendix C: Minnesota Recoding Procedures

Translation Table for ICD-0O-2 site and histology codes to CCG diagnosis codes

LEUKEMIA'S AND LYMPHOMAS - CCG AND ICD-O MORPHOLOGY CODES

(APPLY FOR SITES C000 — C809; L.E. ALL SITES)

LEUKEMIA, NOS
ACUTE LYMPHOCYTIC LEUKEMIA (ALL)

ACUTE MYELOID/MYELOCYTIC/GRANULOCYTIC LEUKEMIA -
NOT FURTHER SUBCLASSIFIED
AML WITH MINIMAL DIFFERENTIATION MO-NOS

AML - FAB MI
AML - FAB M2
GRANULOCYTIC SARCOMA
ACUTE MYELOMONOCYTIC LEUKEMIA (AMML) - FAB M4

AMML WITH EOSINOPHILIA
ACUTE ERYTHROLEUKEMIA (AEL) - FAB M6

ACUTE MONOCYTIC LEUKEMIA (AML) NOS

CHRONIC MYELOCYTIC LEUKEMIA/CHRONIC GRANULOCYTIC
LEUKEMIA (CML/CGL), TYPE UNSPECIFIED

CHRONIC MYELOMONOCYTIC LEUKEMIA (CMML)
ACUTE PROMYELOCYTIC LEUKEMIA (APL) - FAB M3

ACUTE HISTIOCYTIC LEUKEMIA (AHL)
ACUTE MEGAKARYOBLASTIC/MEGAKARYOCYTIC LEUKEMIA
FAB M7

ACUTE LEUKEMIAS, NOS
CHRONIC LEUKEMIAS, NOS
MYELODYSPLASTIC SYNDROME? - not otherwise characterized
MDS - REFRACTORY ANEMIA
MDS - REFRACTORY ANEMIA WITH RING SIDEROBLAST

. ICD-O term includes FAB M5, M5a, and M5b.

. When code 1071 occurs in CCG file, recode it to 1070.
. When code 1072 occurs in CCG file, recode it to 1070.

0N L W —

biphenotypic leukemia; handle as acute leukemia NOS; 9801/3).

O

tries)

C-1

CCG

1000
1010

1020!

1030
1031

1032
1033
1035
1040

1041
1050

1060
10613
1062*

1070
1071°
10726

1073
1080

10817
1090

1100

11108
1180
1190

1300
1301
1302

. When code 1020 occurs in CCG file, recode it to 1180 (Acute Leukemia, NOS)
. When code 1061 occurs in CCG file, recode it to 1060 (handle all 9891/3°s the same)
. When code 1062 occurs in CCG file, recode it to 1060 (handle all 9891/3’s the same)

. When code 1081 occurs in CCG file, recode it to 1080 (handle all 9866/3’s the same).
. When code 1110 occurs in CCG file, recode it to 1180 (no ICD-O code found for acute mixed lineage/

ICD-O

9800/ 3, 9820/3
9821/ 3,9826/3

9861/3
9860 /3

9873 /3
9874 /3
9930/3
9867 /3

9871/3
9840/3

9891 /32

9863 /3

9868 /3
9866 /3

9910/3

9801/3
9803/3, 9823/3

9989/1

9980/1
9982/1

. Myelodysplastic conditions (behavior “/1”) are not reportable to MCSS (or to most central cancer regis-
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MDS - REFRACTORY ANEMIA WITHOUT SIDEROBLASTS, 1302 9981/ 1
MDS - REFRACTORY ANEMIA WITH EXCESS BLASTS 1303 9983 /1
MDS - REFRACTORY ANEMIA WITH EXCESS BLASTS
IN TRANSITION 1304 9984 /1
LYMPHOMA-NOS 1500 9590 /3
HODGKIN'S DISEASE 1510 9650 /3
HODGKIN'S DISEASE, LYMPHOCYTIC predominance 1511 9657 /3 —9659/3
HODGKIN'S DISEASE, NODULAR SCLEROSIS-NOS 1512 9663 /3 —9667/3
HODGKIN'S DISEASE, MIXED CELLULARITY-NOS 1513 9652/3
HODGKIN'S DISEASE,LYMPHOCYTIC DEPLETION,N 1514 9653 /3
NON-HODGKIN'S LYMPHOMA-OTHER SPECIFIED 1520 9595/3-9671/3,

9670/3, 9675/3,
9682/3, 9684/3,
9685/3, 9686/3,
9690/3, 9691/3,
9698/3, 9700/3—

9717/3
MALIGNANT LYMPHOMA, LYMPHOCYTIC,

POORLY DIFFERENTIATED 1521 9672 /3
MALIGNANT LYMPHOMA, HISTIOCYTIC 1522 9680 /3, 9723/3
UNDIFFERENTIATED LYMPHOMA, BURKITTS variety 1523 9687 /3
UNDIFFERENTIATED LYMPHOMA, pleomorphic variety 1524 9696 /3
NON-HODGKIN'S LYMPHOMA'S, NOS 152910 9591 /3

CENTRAL NERVOUS SYSTEM TUMORS - CCG AND ICD-O MORPHOLOGY CODES — UNLESS
OTHERWISE SPECIFIED, APPLIES TO ANY SITE

CCG ICD-O
CENTRAL NERVOUS SYTEM TUMORS!! 2000
2010!2
ASTROCYTOMA,NOS 2011 9400 / 3
ASTROCYTOMA,ANAPLASTIC 2011 9401 /3
PROTOPLASMIC ASTROCYTOMA 2011 9410/ 3
GEMISTOCYTIC ASTROCYTOMA 2011 9411/3
FIBRILLARY ASTROCYTOMA 2011 9420/ 3
PILOCYTIC ASTROCYTOMA 2011 9421/3
PLEOMORPHIC XANTHOASTROCYTOMA 2011 9424 3
SUBEPENDYMAL GIANT CELL ASTROCYTOMA 2011 9384 1
GLIOBLASTOMA MULTIFORME 2012 9440 3
GIANT CELL GLIOBLASTOMA 2012 9441 3
LIOBLASTOMA W/ SACROMATOUS COMPONENT 2012 9442 3
EPENDYMOMA,NOS 2013 9391 3
EPENDYMOMA,ANAPLASTIC 2013 9392 /3
PAPILLARY EPENDYMOMA 2013 9393 /1

10. ICD-O histo code 9591 is classified here (not in 1520).

11. Non-malignant CNS tumors are collected by some, but not all, central cancer registries (MCSS collects
them).

12. When code 2010 occurs in CCG file, recode to 2011 (most glial neoplasms in children are astrocytomas,
so this will be correct more often than other choices).
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MYXOPAPILLARY EPENDYMOMA

OLIGODENDROGLIOMA,NOS

OLIGODENDROGLIOMA,ANAPLASTIC
BRAIN STEM TUMORS

GLIOMA ,MALIGNANT

GLIOMATOSIS CEREBRI

MIXED GLIOMA

SUBEPENDYMAL GLIOMA

GANGLIONEUROMA

GANGLIONEUROBLASTOMA

GANGLIOGLIOMA
CHOROID PLEXUS PAPILLOMA, NOS
CHOROID PLEXUS CARCINOMA
PRIMITIVE NEUROECTODERMAL TUMOR
MEDULLOBLASTOMA,NOS
DESMOPLASTIC MEDULLOBLASTOMA,
MEDULLOMYOBLASTOMA
PINEAL NEOPLASMS

PINEOCYTOMA
PINEOBLASTOMA

MENINGIOMA
HEMANGIOBLASTOMA

NERVE SHEATH TUMORS
NEURILEMMOMA (SCHWANNOMA, NOS)
NEURILEMMOMA, MAL (SCHWANNOMA, MAL)
TRITON TUMOR,MAL (Mal.Sch.w/rhabdomyoblast)
NEUROFIBROMA, NOS
NEUROFIBROMATOSIS
NEUROFIBROSARCOMA

MISCELLANEOUS CNS TUMORS
PITUITARY TUMORS

CRANIOPHARYNGIOMA

2013
2014
2014
2016
2015
2015
2015
2015
2020

2020

2020

2030

2030

2040

2041

2041

2050

2050
2050

2060
2070

2080
2081
2081
2081
2082
2082
2082
2090
2091

2091

13.This histo in non-CNS sites will be counted as a neuroblastoma, code 2510.

14.Turned the list into a range.

C-3

9394 /1
9450/ 3
9451/3

Site C717, histo
N.E.C.
9380/0-9380/3
9381/3

9382/3

9383 /1

9490/ 0, site in
C700-C729
9490 / 3, site in

C700-C72913
9505/ 1, site in
C700-C729
9390 /0

9390/3
9473 /3

9470/ 3
9471/3
20419472 /3

Site C753, histo
N.E.C.

9361 /1

9362 /3

9530 /0 — 9538 /314
9161 /1

9550/0, 9541/0

9560/0
9560/3
9561/3

9540/0
9540/1
9540/3

sites C700-C729,
histo N.E.C.

site C751, histo
N.E.C.

9350/ 1
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TUMORS - CCG AND ICD-O MORPHOLOGY CODES — UNLESS OTHERWISE SPECIFIED,

APPLIES TO ANY SITE

SYMPATHETIC NERVOUS SYSTEM TUMORS

NEUROBLASTOMA

SPONGIONEUROBLASTOMA

ESTHESIONEUROBLASTOMA

PHEOCHROMOCYTOMA
RETINOBLASTOMA, NOS

RETINOBLASTOMA, DIFFERENTIATED

RETINOBLASTOMA, UNDIFFERENTIATED
KIDNEY TUMORS, NOS

WILM'S TUMOR (NEPHROBLASTOMA)
CLEAR CELL. SARCOMA (KIDNEY)

RENAL CELL CARCINOMA

MESOBLASTIC NEPHROMA
LIVER TUMORS, NOS

HEPATOBLASTOMA
HEPATOCELLULAR CARCINOMA, NOS

BONE TUMORS (OSTEOMA), NOS
OSTEOSARCOMA

EWING'S TUMOR/PNET

GONADAL & GERM CELL TUMORS OF NON-GONADAL SITES
GERMINOMA
DYSGERMINOMA
EMBRYONAL CARCINOMA-
TERATOMA, NOS
TERATOMA, MALIGNANT
TERATOMA WITH MALIGNANT TRANSFORMATION
ENDODERMAL SINUS OR YOLK SAC TUMOR
MIXED GERM CELL TUMOR
CHORIOCARCINOMA

OVARIAN TUMORS

GERMINOMA
DYSGERMINOMA
EMBRYONAL CARCINOMA-

CCG

2500

2510
2510
2510
2520
3000
3010

3020
3500

3510
3520

3500

3530
4000

4010
4020

450017
4510

4520

5000
5000
5000
5000
5000
5000
5000
5000
5000

5010

5010
5011
5012

ICD-O

sites C470-C47913,
histo N.E.C.
9490/3 — 9500/3
9504 /3

9522/3

8700 / 0 — 8700/3
9510/3

9511/3

9512 /3

sites C640 — C659,
histo N.E.C.

8960 /3

8964 /3, site C640 —
C659

8312 /316

8960 /1

sites C220-C221,
histo N.E.C.
8970/3

8170/3

sites C400-C419,
histo N.E.C.
9180/3 —-9190/3,
site in C400-C419
9260 / 3, site in
C400-C419

9064 /3, site N.E.C.
9060 /3, site N.E.C.
9070 /3, site N.E.C.
9080 /1, site N.E.C.
9080 /3, site N.E.C.
9084 /3, site N.E.C.
9071 /3, site N.E.C.
9085 /3, site N.E.C.
9100 /3 —9101/3,
site N.E.C.

site C569, histo
N.E.C.

9064 /3, site C569
9060 /3, site C569
9070 /3, site C569

15.This range of sites includes not only the sympathetic nervous system but also autonomic nervous system,
ganglia, nerve, parasympathetic nervous system, peripheral nerve & spinal nerve., histo N.E.C.
16.Assign to kidney NOS (carcinoma not same as sarcoma, which is immediately preceding category).

17.Central cancer registries don’t collect benign osteomas of bone.
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TERATOMA, NOS 50129080 /1, site
C569
TERATOMA, MALIGNANT 5013 9080 /3, site C569
TERATOMA WITH MALIGNANT TRANSFORMATION 5013 9084 /3, site C569
ENDODERMAL SINUS OR YOLK SAC TUMOR 5014 9071 /3, site C569
MIXED GERM CELL TUMOR 5014 9085 /3%, site C569
CHORIOCARCINOMA 50149100 /3 —
9101/3, site C569
MALIGNANT TUMORS, NOS 5019 site C569, mal.
histo N.E.C.
TESTICULAR TUMORS 5020 site C620-C629,
histo N.E.C.!°
EMBRYONAL CARCINOMA 5021 9070 /3, site C620 —
C629
TERATOMA, NOS 5021 9080 /1, site C620 —
C629
TERATOMA, MALIGNANT 5022 9080 /3, site C620 —
C629
TERATOMA WITH MALIGNANT TRANSFORMATION 5022 9084 /3, site C620 —
C629
SEMINOMA 5023 9061 /3 — 9063/3
MALIGNANT TUMORS, NOS 5024 site C620 — C629,
mal. histo N.E.C.
ENDODERMAL SINUS OR YOLK SAC TUMOR 5025 9071 /3, site C620 —
C629
MIXED GERM CELL TUMOR 5025 9085 /3, site C620 —
C629
CHORIOCARCINOMA 5025 9100 /3 —9101/3,

site C620 — C629

MISCELLANEOUS TUMORS 7000 non-mal tumor

N.E.C.20

THYROID TUMORS 7010 site C739, histo
N.E.C.

PAROTID TUMORS 7020 site C079, histo
N.E.C.

ADRENOCORTICAL CARCINOMA 7030 8370 /3, site C740

MALIGNANT CARCINOID?! TUMORS 7040 8010 /3 — 8550/3,
site N.E.C.

NASOPHARYNGEAL CARCINOMA (SQUAMOUS) 7050 8050/3 — 8082/3,

site C110-C119

MALIGNANT TUMORS, NOS 7500 8000 /3 — 8004/3

18.ICDO code 9095/3 (in original CCG list) does not exist; 9085/3 is a mixed germ cell tumor

19. CCG category included histo 9980/1; This behavior code would not be collected by most central regis-
tries.

20. CCG category included histo 8000/1;there won’t be any of these, except possibly of CNS, which would
be classified under CCG code 2090.

21.Assume “carcinoid” in this context refers to any “carcinoma-like” tumor.
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RETICULOENDOTHELIOSES (RETICULOSARCOMA), NOS 8000 9593 /3
BENIGN HISTIOCYTOSES (eosinophilic granuloma of bone
or soft tissue; Hand-Schuller-Christian disease) 8010 9722/ 3%2
MALIGNANT HISTIOCYTOSIS 8020 9720/3
RETICULOENDOTHELIOSES, MALIGNANT, NOS 8030 9941/3

SOFT TISSUE SARCOMAS - CCG AND ICD-O MORPHOLOGY CODES - UNLESS OTHERWISE
SPECIFIED, APPLIES TO ANY SITE

CCG ICD-O
SOFT TISSUE SARCOMAS 6000 9394/3 of C490-
C499, 8804/3,
9580/3, 9581/3,
8930/3, 8963/3

RHABDOMYSARCOMA 6010 8900 /3 — 8920/3
FIBROSARCOMA 6020 8810 /3 — 8833/3
LIPOSARCOMA 6030 8850 /3 — 8858/3
LEIOMYOSARCOMA 6040 8890 /3 — 8897/3
SYNOVIAL SARCOMA 6050 9040 /3 — 9044/3
HEMANGIOSARCOMA 6060 9120 /3 —9150/3
UNDIFFERENTIATED SARCOMA 607023
EXTRA-OSSEOUS EWING'S/PNET (small cell sarcoma) 6071 8803 /3
EWING’S SARCOMA OF SOFT TISSUE 6071 9260/3, site C490 —

C499
SOFT TISSUE SARCOMA'S, NOS 6080 8800 /324
KAPOSI'S SARCOMA 6090 9140 /3
MELANOMA, MALIGNANT (NON-CNS) 6500 8720 /2 — 8790/3,

sites C000 — C699
or C739 — C809

UNASSIGNED-BY-CCG ICD-O MORPHOLOGY CODES — UNLESS OTHERWISE SPECIFIED,
APPLIES TO ANY SITE

CCG ICD-O
Unknown CCG diagnosis code:?
CHORDOMA 7000 9370/3
SPONGIOBLASTOMA,NOS 2000 9422 /3
SPONGIOBLASTOMA POLARE 2000 9423 /3
ASTROBLASTOMA 2000 9430/ 3
PRIMITIVE POLAR SPONGIOBLASTOMA 2000 9443 /3
CEREBELLAR SARCOMA,NOS 2000 9480/ 3
MONSTROCELLULAR SARCOMA 2000 9481/3
MEDULLOEPITHELIOMA 7000 9501/3

22 Most central registries (including the MCSS) do not collect benign histiocytoses. The only malignant his-
tology included in this category Letterer-Siwe’s disease.

23.When code 6070 occurs in the CCG file, recode to 6080 (handle all 8800/3’s the same).

24 .This histo (8800/3) was in the list 3 times, with different CCG codes (6000, 6070, and 6080).

25. These histologies were not assigned a CCG code in the original document. Most of these histology codes
occur in the CNS; hence the CCG code of 2000 is assigned. Chordoma can occur in other sites; hence the
CCG code of 7000 is assigned.
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Table C.1: CCG Cancer Groupings

Group CCG Group Name Range of CCG Codes
1000 Leukemias 1000 - 1304

1500 Lymphomas 1500 - 1529, 8000 - 8030
2000 Brain/CNS tumors 2000 - 2091

2500 Symp nerv sys tumors 2500 - 2520

3000 Retinoblastomas 3000 - 3020

3500 Kidney tumors 3500 - 3530

4000 Liver tumors 4000 - 4020

4500 Bone tumors 4500 - 4520

5000 Gonadal/Germ cell 5000 - 5025

6000 Soft tissue sarcomas 6000 - 6090

6500 Malignant melanomas 6500 - 6500

7000 Misc Other Tumors 7000 - 7500

Table C.2: Recoding of CCG race codes

CCQG race coding MCSS race coding (standard)
0  Unknown --> 99 Unknown
1  White --> 1 White or Hispanic
2 Hispanic --> 1 White or Hispanic
3  Black --> 2 Black
4 Oriental --> 96 Asian
5 Native Hawaiian --> 98 Other Race
6 Native American --> 3 Native American
7  Indian sub continental --> 96 Asian
8 Filipino --> 98 Other Race
9  Other --> 98 Other Race
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AutoMatch linkage stepsl

Test.bat

dcomp testa
dcomp testb
del test.mcx
mcomp test

treeld test 1

freqld test A
freqld test B
mtch test 1 > mtchl.out
repgen test
extract test

Appendix D: Minnesota Linkage Procedures

Example: single pass, two data files (continued, next page):

Executable Parameter  Input Output Function
Dcomp Testa testa.dic  testa.dcx To compile the data dictionaries.
testb testb.dic  testb.dcx
Mcomp Test test.mat  test.mcx To read in the linking strategies.
test.def
test.dex
Treeld test 1 test.mcx test.in To create an index to read the
filea blocks properly.
fileb
Freqld testa test.mcx  testa.frq To analyze the values of all the
test b filea testb.frq fields by a frequency analysis.
fileb
mtch test 1 > testa.dcx mtchl.out To link the records of both files
mtchl.out testb.dex test.mpl (the actual matcher), runs ones for
test.mcx  test.ral every pass.
test.dex
test.inl
testa.frq
testb.frq
filea
fileb

1. Reproduced with permission from VanDalen, Jeroen. Inventory of the Medical-Record Linkage Process.
Master thesis written as part of the Medical Informatics course at the University of Amsterdam, April

2001.
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Executable Parameter  Input Output Function
repgen Test test.def® Depending on the
testrep ~ specifications in the
testmex  test.ext or test.dex
test.mp1 file, 6 types are pos-
testral  sible.
test.rbl
filea
fileb
extract Test test.dex = Depending on the To create a suitable output file.
test.ext  specifications in the
test.mcx  test.ext or test.dex
test.mpl file, 6 types are pos-
testral  sible.
test.rbl
filea
fileb

a. Default report layout file, if available the .rep user file of report layout will be used.
b. Default extraction layout file, if available the .ext user file of extraction layout will be used.

File A dictionary file (TestA.dic)
RECORD 101
FILE FILEA
VARID 14S
VAR DUMO151S
VAR REGNO 6 6 S
VAR LAST 1222 S
VAR FIRST 34 15 S
VAR MIDDLE 49 1 S
VAR DUMO2 502 S
VAR INIL 521 S
VARINIF 53 1S
VAR DUMO03 542 S
VAR MOBRTH 56 2 S
VAR DAYBRTH 58 2 S
VAR YBRTH 60 4 S
VAR DUMO04 64 1 S
VAR SEX 6518
VAR RACE 6629
VAR ZIP 68 5 S
VAR DUMO06 73 2 S
VAR DIAGN 7549
VAR DUMO07 79 3 S
VAR GROUP 82 4 S
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VAR MODX 86 2 S
VAR DAYDX 882 S
VAR YDX 904 S
VAR DUMO08 94 1 S
VAR AGEDX 952 S
VAR INST 9729
VAR END 993 S

File B dictionary file (TestB.dic)
RECORD 136
FILE FILEB
VARID 14S
VAR CASES56S
VAR DUMOI1 112 S
VAR CANCER 131 S
VAR LAST 1420 S
VAR FIRST 34 13 S
VAR MIDDLE 47 1 S
VAR DUM99 48 12 S
VAR INIL 60 1 S
VAR INIF 61 1 S
VAR DUMO02 62 2 S
VAR MOBRTH 64 2 9
VAR DAYBRTH 66 2 9
VAR YBRTH 68 4 9
VARDUMO03 721S
VAR SEX 7318
VAR RACE 7429
VAR DUMO04 76 1 S
VAR ZIP 775 S
VAR DUMOS5 822 S
VAR DIAGN 84 49
VAR DUMO06 88 2 S
VAR GROUP 90 4 S
VAR MODX 942 S
VAR DAYDX 96 2 S
VAR YDX 98 4 S
VAR DUMO07 102 2 S
VAR AGEDX 1042 S
VAR DUMO0S 106 1 S
VAR INST 10729
VAR DUMO09 109 3 S
VAR DIAG2 11249
VAR GROU2 116 4 S
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VAR DTDEATH 120 8 9
VAR DUMI10 128 1 S
VAR ZIPREC 1295 S
VAR END 1343 S

Strategy file (Test.mat)
PROGRAM MATCH
DICTA TESTA
DICTB TESTB
BLOCK1 CHAR END END
MATCH1 NUMERIC MOBRTH MOBRTH 0.95 0.08
MATCH1 NUMERIC DAYBRTH DAYBRTH 0.90 0.03
MATCHI1 NUMERIC YBRTH YBRTH 0.9 0.03
MATCHI1 NUMERIC MODX MODX 0.95 0.08
MATCHI1 NUMERIC DAYDX DAYDX 0.90 0.03
MATCHI NUMERIC YDX YDX 0.9 0.11
MATCHI1 NUMERIC SEX SEX 0.95 0.5
MATCH1 NUMERIC DIAGN DIAGN 0.90 0.001
MATCHI1 NUMERIC RACE RACE 0.95 0.17
MATCHI1 NUMERIC ZIP ZIP 0.90 0.001
MATCHI1 NUMERIC INST INST 0.90 0.12
MATCHI1 CHAR LAST LAST 0.9 0.001 750.0
MATCHI1 CHAR FIRST FIRST 0.9 0.001 750.0
MATCHI1 CHAR MIDDLE MIDDLE 0.9 0.04 750.0
CUTOFF1 -30 30
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Decisions on Match Status

For each of the single-pass linkage runs, decisions about the match status of record pairs were
classified as follows:

ME = Exact match on birth date, diagnosis date, diagnosis code, zipcode, and sex
MW = Weight in same range as the “ME”s, but one of the above variable pairs was non-identical

MD = Weight above the upper threshold (as determined by reviewing the output of the run and
deciding that all the record pairs with a weight over the upper threshold were safe to be
called matches), except if the diagnosis dates differed by more than a month or the diagno-
sis codes were in different groups (e.g., liver vs. kidney or leukemia vs. lymphoma). This
latter group were put into the “C” category.

C = Clerical review required

N = Weight below the lower threshold (as determined by reviewing the output of the run deciding
that all the record pairs with a weight below the lower threshold were NOT matches)

Clerical Review Decision Procedures

The principal investigator (SAB) examined the information for each clerical review record pair
and made a judgement call about whether or not the two records were for the same person, based
on examination of all the reports received by the MCSS on the possibly-linked MCSS record. In
some cases, the CCG information for a discrepant field actually matched the information on one
of the reports received by the MCSS, although another value had been selected in the case con-
solidation process. For a subset of record pairs, she wrote down questions about the case. For
example, “MCSS has astrocytoma of brainstem; CCG has brain stem tumor. Date of diagnosis,
sex, and race (white) match. MCSS has no reports from any CCG facility. Any evidence of
another date of birth (nearly 7 month discrepancy)? Any other zipcode possible?” MCSS Field
Operations staff visited facilities, starting with the University of Minnesota’s CCG coordinating
center, and records were examined to find answers to the questions. The principal investigator
made the final decision about match status, based on the answers to the questions.
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Follow-up Procedures

The CCG cases linked in Minnesota and not found in the MCSS data base (when names were
used in the linkage) were followed up using these steps:

1.

The MCSS data base was searched for reportable and non-reportable diagnoses that matched
the case. Information gained from this step may have indicated that the case was not micro-
scopically confirmed, that the date of diagnosis was prior to 1989 or after 1997, or that the age
at diagnosis was 20 year or more.

The remaining cases were given to MCSS Field Operations staft, who contacted the facility
named in the CCG record, reviewed the CCG record with CCG staff (for University of Minne-
sota cases), or else requested charts and reviewed the medical record when no CCG record
was available.

Cases for which follow-up had not been completed at the facilities as of the end of March
2001, were classified as CCG-only residuals.

The COG cases linked in California and not found in the MCSS data base were followed up using
these steps:

1.

The CCG-Minnesota linkage results were used when the COG record had been included in the
Minnesota linkage.

The MCSS data base was searched for reportable and non-reportable diagnoses that matched

the information in the COG record. That is, the MCSS database of reportable and non-report-
able records were searched on date of diagnosis, date of birth, and other fields in an attempt to
identify a matching record. Information gained from this step may have indicated that the case
was not microscopically confirmed, that the date of diagnosis was prior to 1989 or after 1997,
or that the age at diagnosis was 20 year or more.

3. The remaining cases were classified as COG-only residuals.
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Appendix E: Definitions for [ICCC Cancer Groupings

ICCC-cancer-groups-for-MCSS.fimx

[Field Links]
Major ICCC Groups (MCSS)=Site recode~Histologic type~Primary site

[Format=Major ICCC Groups (MCSS)]

1=All Cancers~{Site and Morphology.Site recode} = ‘All Sites’

2=Leukemias~{Site and Morphology.Histologic type} = 9800-9941

3=Lymphoma and other reticuloendothelial neoplasms~{Site and Morphology.Histologic type} =
9590-9764

4=CNS & Misc intracranial/intraspinal neoplasms~{Site and Morphology.Histologic type} =
8270-8281,8300,9350-9362,9381-9384,9390-9394,9400-9460,9470-9473,9480-9481,9505,9530-
9539~0R ({Site and Morphology.Histologic type} = 9380~AND {Site and Morphology.Primary
site} = 723)~OR ({Site and Morphology.Histologic type} = 9380~AND {Site and Morphol-
ogy.Primary site} = 700-722,724-729)~O0R ({Site and Morphology.Histologic type} = 8000-
8004~AND {Site and Morphology.Primary site} = 700-729,751-753)

5=Sympathetic nervous system tumors~{Site and Morphology.Histologic type} = 8680,8693-
8710,9490,9500-9504,9520-9523

6=Retinoblastoma~{Site and Morphology.Histologic type} = 9510-9512

7=Renal tumors~{Site and Morphology.Histologic type} = 8960,8964~0OR ({Site and Morphol-
ogy.Histologic type} = 8963~AND {Site and Morphology.Primary site} = 649,809)~OR ({Site
and Morphology.Histologic type} = 8010-8041,8050-8075,8082,8120-8122,8130-
8141,8143,8155,8190-8201,8210-8211,8221-8231,8240-8241,8244-8246,8260-
8263,8290,8310,8312,8320,8323,8401,8430,8440,8480-8490,8504,8510,8550,8560-8573~AND
{Site and Morphology.Primary site} = 649)~OR {Site and Morphology.Histologic type} =
8312~0R ({Site and Morphology.Histologic type} = 8000-8004~AND {Site and Morphol-
ogy.Primary site} = 649)

8=Hepatic tumors~{Site and Morphology.Histologic type} = 8970~OR ({Site and Morphol-
ogy.Histologic type} = 8010-8041,8050-8075,8082,8120-8122,8140-8141,8143,8155,8160-
8180,8190-8201,8210-8211,8230-8231,8240-8241,8244-8246,8260-
8263,8310,8320,8323,8401,8430,8440,8480-8490,8504,8510,8550,8560-8573~AND {Site and
Morphology.Primary site} = 220-221)~OR ({Site and Morphology.Histologic type} = 8000-
8004~AND {Site and Morphology.Primary site} = 220-221)

9=Malignant bone tumors~{Site and Morphology.Histologic type} = 8812,9180-9200,9220-
9230,9250,9261-9330,9370~0OR ({Site and Morphology.Histologic type} = 9231,9240~AND
{Site and Morphology.Primary site} = 400-419)~OR ({Site and Morphology.Histologic type} =
9260~AND {Site and Morphology.Primary site} = 400-419,809)~OR ({Site and Morphol-
ogy.Histologic type} = 9363-9364~AND {Site and Morphology.Primary site} = 400-419)~OR
({Site and Morphology.Histologic type} = 8000-8004,8800-8801,8803-8804~AND {Site and
Morphology.Primary site} = 400-419)

10=Soft tissue sarcomas~{Site and Morphology.Histologic type} = 8810-8811,8813-8833,8840-
8896,8900-8920,8982,8990-8991,9040-9044,9120-9134,9140,9150-9170,9251,9540-
9561,9581~0R ({Site and Morphology.Histologic type} = 8963~AND {Site and Morphol-
ogy.Primary site} = 0-639,659-768)~OR ({Site and Morphology.Histologic type} =
9231,9240,9363-9364~AND {Site and Morphology.Primary site} = 0-399,470-809)~OR ({Site
and Morphology.Histologic type} = 9260~AND {Site and Morphology.Primary site} = 0-
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399,470-768)~0OR ({Site and Morphology.Histologic type} = 8800-8804~AND {Site and Mor-
phology.Primary site} = 0-809)

11=Germ cell, trophoblastic and other gonadal neoplasms~({Site and Morphology.Histologic
type} = 9060-9102~AND {Site and Morphology.Primary site} = 700-729,751-753)~OR ({Site
and Morphology.Histologic type} = 9060-9102~AND {Site and Morphology.Primary site} = 0-
559,570-619,630-699,739-750,754-809)~OR ({Site and Morphology.Histologic type} = 9060-
9102~AND {Site and Morphology.Primary site} = 569,620-629)~OR ({Site and Morphol-
ogy.Histologic type} = 8010-8041,8050-8075,8082,8120-8122,8130-8141,8143,8155,8190-
8201,8210-8211,8221-8241,8244-8246,8260-8263,8290,8310,8320,8323,8430,8440,8480-
8490,8504,8510,8550,8560-8573~AND {Site and Morphology.Primary site} = 569,620-
629)~0OR {Site and Morphology.Histologic type} = 8380-8381,8441-8473,8590-8670,9000~OR
({Site and Morphology.Histologic type} = 8000-8004~AND {Site and Morphology.Primary site}
=569,620-629)

12=Carcinomas & other malignant epithelial neoplasms~{Site and Morphology.Histologic type}
= 8330-8350,8370-8375,8720-8780~0R ({Site and Morphology.Histologic type} = 8010-
8041,8050-8075,8082,8120-8122,8130-8141,8155,8190,8200-8201,8211,8230-8231,8244-
8246,8260-8263,8290,8310,8320,8323,8430,8440,8480-8481,8500-8573~AND {Site and Mor-
phology.Primary site} = 739)~OR ({Site and Morphology.Histologic type} = 8010-8041,8050-
8075,8082,8120-8122,8130-8141,8155,8190,8200-8201,8211,8230-8231,8244-8246,8260-
8263,8290,8310,8320,8323,8430,8440,8480-8481,8504,8510,8550,8560-8573~AND {Site and
Morphology.Primary site} = 110-119)~OR ({Site and Morphology.Histologic type} = 8010-
8041,8050-8075,8082,8090-8110,8140,8143,8147,8190,8200,8240,8246-
8247,8260,8310,8320,8323,8390-8420,8430,8480,8542,8560,8570-8573,8940~AND {Site and
Morphology.Primary site} = 440-449)~OR ({Site and Morphology.Histologic type} = 8010-
8082,8120-8155,8190-8263,8290,8310,8314-8323,8430-8440,8480-8580,8940-8941~AND {Site
and Morphology.Primary site} = 0-109,129-218,239-399,480-488,500-559,570-619,630-
639,659-729,750-809)

13=O0ther and unspecified malignant tumors~{Site and Morphology.Histologic type} =
8930,8933,8950-8951,8971-8981,9020,9050-9053,9110,9580~OR ({Site and Morphology.Histo-
logic type} = 8000-8004~AND {Site and Morphology.Primary site} = 0-218,239-399,420-
559,570-619,630-639,659-699,739-750,754-809)

ICCC-cancer-groups-for-SEER.fmx

[Field Links]
Major ICCC Groups (SEER)=Site recode~Histology ICD-0O-2 (1973+)~Primary site I[CD-O-2
(1973+)

[Format=Major ICCC Groups (SEER)]

1=All Cancers~{Site and Morphology.Site recode} = ‘All Sites’

2=Leukemias~{Site and Morphology.Histology ICD-O-2 (1973+)} = 9800-9941

3=Lymphoma and other reticuloendothelial neoplasms~{Site and Morphology.Histology ICD-O-
2 (1973+)} = 9590-9764

4=CNS & Misc intracranial/intraspinal neoplasms~{Site and Morphology.Histology ICD-O-2
(1973+)} = 8270-8281,8300,9350-9362,9381-9384,9390-9394,9400-9460,9470-9473,9480-
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9481,9505,9530-9539~0R ({Site and Morphology.Histology ICD-O-2 (1973+)} = 9380~AND
{Site and Morphology.Primary site ICD-O-2 (1973+)} = 723)~OR ({Site and Morphology.Histol-
ogy ICD-0-2 (1973+)} = 9380~AND {Site and Morphology.Primary site [CD-O-2 (1973+)} =
700-722,724-729)~0R ({Site and Morphology.Histology ICD-O-2 (1973+)} = 8000-8004~AND
{Site and Morphology.Primary site ICD-O-2 (1973+)} = 700-729,751-753)

5=Sympathetic nervous system tumors~{Site and Morphology.Histology ICD-O-2 (1973+)} =
8680,8693-8710,9490,9500-9504,9520-9523

6=Retinoblastoma~{Site and Morphology.Histology ICD-O-2 (1973+)} =9510-9512

7=Renal tumors~{Site and Morphology.Histology ICD-O-2 (1973+)} = 8960,8964~0OR ({Site
and Morphology.Histology ICD-O-2 (1973+)} = 8963~AND {Site and Morphology.Primary site
ICD-0-2 (1973+)} = 649,809)~OR ({Site and Morphology.Histology ICD-O-2 (1973+)} = 8010-
8041,8050-8075,8082,8120-8122,8130-8141,8143,8155,8190-8201,8210-8211,8221-8231,8240-
8241,8244-8246,8260-8263,8290,8310,8312,8320,8323,8401,8430,8440,8480-
8490,8504,8510,8550,8560-8573~AND {Site and Morphology.Primary site ICD-O-2 (1973+)} =
649)~0OR {Site and Morphology.Histology ICD-O-2 (1973+)} = 8312~0R ({Site and Morphol-
ogy.Histology ICD-0O-2 (1973+)} = 8000-8004~AND {Site and Morphology.Primary site [CD-O-
2 (1973+)} = 649)

8=Hepatic tumors~{Site and Morphology.Histology ICD-O-2 (1973+)} = 8970~OR ({Site and
Morphology.Histology ICD-O-2 (1973+)} = 8010-8041,8050-8075,8082,8120-8122,8140-
8141,8143,8155,8160-8180,8190-8201,8210-8211,8230-8231,8240-8241,8244-8246,8260-
8263,8310,8320,8323,8401,8430,8440,8480-8490,8504,8510,8550,8560-8573~AND {Site and
Morphology.Primary site ICD-O-2 (1973+)} = 220-221)~OR ({Site and Morphology.Histology
ICD-0O-2 (1973+)} = 8000-8004~AND {Site and Morphology.Primary site ICD-O-2 (1973+)} =
220-221)

9=Malignant bone tumors~{Site and Morphology.Histology ICD-O-2 (1973+)} = 8812,9180-
9200,9220-9230,9250,9261-9330,9370~0OR ({Site and Morphology.Histology ICD-O-2 (1973+)}
=9231,9240~AND {Site and Morphology.Primary site ICD-O-2 (1973+)} =400-419)~OR ({Site
and Morphology.Histology ICD-O-2 (1973+)} = 9260~AND {Site and Morphology.Primary site
ICD-0-2 (1973+)} = 400-419,809)~0R ({Site and Morphology.Histology ICD-O-2 (1973+)} =
9363-9364~AND {Site and Morphology.Primary site ICD-O-2 (1973+)} = 400-419)~OR ({Site
and Morphology.Histology ICD-0O-2 (1973+)} = 8000-8004,8800-8801,8803-8804~AND {Site
and Morphology.Primary site ICD-O-2 (1973+)} = 400-419)

10=Soft tissue sarcomas~{Site and Morphology.Histology ICD-0O-2 (1973+)} = 8810-8811,8813-
8833,8840-8896,8900-8920,8982,8990-8991,9040-9044,9120-9134,9140,9150-9170,9251,9540-
9561,9581~0R ({Site and Morphology.Histology ICD-0-2 (1973+)} = 8963~AND {Site and
Morphology.Primary site ICD-O-2 (1973+)} = 0-639,659-768)~OR ({Site and Morphology.His-
tology ICD-0O-2 (1973+)} =9231,9240,9363-9364~AND {Site and Morphology.Primary site
ICD-0-2 (1973+)} = 0-399,470-809)~0OR ({Site and Morphology.Histology ICD-O-2 (1973+)} =
9260~AND {Site and Morphology.Primary site ICD-O-2 (1973+)} = 0-399,470-768)~OR ({Site
and Morphology.Histology ICD-O-2 (1973+)} = 8800-8804~AND {Site and Morphology.Pri-
mary site [CD-O-2 (1973+)} = 0-809)

11=Germ cell, trophoblastic and other gonadal neoplasms~({Site and Morphology.Histology
ICD-0-2 (1973+)} = 9060-9102~AND {Site and Morphology.Primary site ICD-O-2 (1973+)} =
700-729,751-753)~0OR ({Site and Morphology.Histology ICD-O-2 (1973+)} = 9060-9102~AND
{Site and Morphology.Primary site ICD-O-2 (1973+)} = 0-559,570-619,630-699,739-750,754-
809)~OR ({Site and Morphology.Histology ICD-O-2 (1973+)} = 9060-9102~AND {Site and
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Morphology.Primary site ICD-O-2 (1973+)} = 569,620-629)~0OR ({Site and Morphology.Histol-
ogy ICD-0-2 (1973+)} = 8010-8041,8050-8075,8082,8120-8122,8130-8141,8143,8155,8190-
8201,8210-8211,8221-8241,8244-8246,8260-8263,8290,8310,8320,8323,8430,8440,8480-
8490,8504,8510,8550,8560-8573~AND {Site and Morphology.Primary site ICD-O-2 (1973+)} =
569,620-629)~0R {Site and Morphology.Histology ICD-O-2 (1973+)} = 8380-8381,8441-
8473,8590-8670,9000~0OR ({Site and Morphology.Histology ICD-O-2 (1973+)} = 8000-
8004~AND {Site and Morphology.Primary site ICD-O-2 (1973+)} = 569,620-629)
12=Carcinomas & other malignant epithelial neoplasms~{Site and Morphology.Histology ICD-
0-2 (1973+)} = 8330-8350,8370-8375,8720-8780~0OR ({Site and Morphology.Histology ICD-O-
2 (1973+)} = 8010-8041,8050-8075,8082,8120-8122,8130-8141,8155,8190,8200-
8201,8211,8230-8231,8244-8246,8260-8263,8290,8310,8320,8323,8430,8440,8480-8481,8500-
8573~AND {Site and Morphology.Primary site ICD-O-2 (1973+)} = 739)~OR ({Site and Mor-
phology.Histology ICD-0-2 (1973+)} = 8010-8041,8050-8075,8082,8120-8122,8130-
8141,8155,8190,8200-8201,8211,8230-8231,8244-8246,8260-
8263,8290,8310,8320,8323,8430,8440,8480-8481,8504,8510,8550,8560-8573~AND {Site and
Morphology.Primary site ICD-O-2 (1973+)} = 110-119)~OR ({Site and Morphology.Histology
ICD-0-2 (1973+)} = 8010-8041,8050-8075,8082,8090-
8110,8140,8143,8147,8190,8200,8240,8246-8247,8260,8310,8320,8323,8390-
8420,8430,8480,8542,8560,8570-8573,8940~AND {Site and Morphology.Primary site ICD-O-2
(1973+)} = 440-449)~OR ({Site and Morphology.Histology ICD-O-2 (1973+)} = 8010-
8082,8120-8155,8190-8263,8290,8310,8314-8323,8430-8440,8480-8580,8940-8941~AND {Site
and Morphology.Primary site ICD-O-2 (1973+)} = 0-109,129-218,239-399,480-488,500-
559,570-619,630-639,659-729,750-809)

13=0Other and unspecified malignant tumors~{Site and Morphology.Histology ICD-O-2 (1973+)}
= 8930,8933,8950-8951,8971-8981,9020,9050-9053,9110,9580~0OR ({Site and Morphology.His-
tology ICD-0O-2 (1973+)} = 8000-8004~AND {Site and Morphology.Primary site ICD-O-2
(1973+)} = 0-218,239-399,420-559,570-619,630-639,659-699,739-750,754-809)
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