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Appendix A. Tobacco Use Status and Smoking Attribution of Incident Cancer

Cases

Methods

We examined tobacco use status among incident cancer cases, as recorded in the Massachusetts
Cancer Registry (MCR) case files. We focused primarily on 11 cancer types that the U.S.
Surgeon General* and the International Agency for Research on Cancer (IARC)? consider
tobacco-related. These included cancers of the bronchus and lung, cervix uteri, colon and rectum,
esophagus, kidney and renal pelvis, larynx, liver and intrahepatic bile ducts, oral cavity and
pharynx, pancreas, stomach, and urinary bladder. There was an insufficient number of acute

myeloid leukemia cases to include in this analysis.

The MCR tobacco use variable includes the following categories: never used tobacco, current
cigarette smoker, current cigar or pipe smoker, current snuff/chew/smokeless tobacco user,
current combination user, previous tobacco use, and unknown. Current cigar or pipe smoking
was rare (N=1-4 cases); these were combined with current cigarette smokers under the category
of “current smoking.” Current snuff/chew/smokeless tobacco use was also rare (N=1-4 cases),
but these were not combined with current smokers since the associations between smokeless
tobacco use and cancer appear to differ from those reported for smoked tobacco.® There were no
cases with current combination tobacco use. Given the paucity of smokeless tobacco use among

cases, we classified all instances of previous tobacco use as “former smoking.”
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In computing the proportions of current and former smokers among incident cases, we excluded
cases with “unknown” tobacco use status from the denominator. The frequency of unknown
tobacco use status was 20% for all incident cancers and 17% across the 11 tobacco-related
cancer types. Within these 11 cancer types, the proportion with unknown tobacco use status
ranged from <10% for 3 cancer types to 36% for liver and intrahepatic bile duct cancer. About
12% of bronchus and lung cancer cases had unknown tobacco use status. In a sensitivity analysis
described below, we used imputation methods to reclassify unknown tobacco status to one of the

other tobacco use categories based on other variables in the dataset.

For the 11 tobacco-related cancer types, we estimated the proportion of incident cases
attributable to tobacco smoking using the following population attributable fraction (PAF)

formula.**®

_ pc(RRc - 1) + pf(RRf - 1)
RR, RR;

PAF

where pc and ps are the proportions of cases occurring in current and former smokers, and RRc
and RRs are the relative risks of a given cancer type among current and former smokers as
compared to never smokers. The PAF represents the proportion of cancer cases that would not
have occurred in the absence of tobacco smoking.® PAF estimation is the principal methodology
used by the CDC,’ the U.S. Surgeon General,! and the Global Burden of Disease investigators®®

to quantify the population health burden attributable to tobacco use and other risk behaviors.

In our primary analyses, we computed PAFs using pc and pr estimates that were based on the

denominator of cases in the study cohort with known tobacco use status. In a sensitivity analysis,

we used the discriminant function method*° to replace unknown tobacco use status with an
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imputed tobacco use value based on the age at diagnosis, sex, race, and cancer type of the case

patient.

Our PAF calculations incorporated relative risks (RRs) from published meta-analyses examining
the relationship between tobacco smoking and selected cancers. For most cancer types, we used
RR estimates from a 2008 meta-analysis'* of studies identified by a 2004 IARC monograph on
the carcinogenicity of tobacco smoking,'? except when a more recent or comprehensive meta-
analysis was available.**1® We used RRs specific to North America when there was evidence of
geographic heterogeneity.!3* We used RRs specific to cancer incidence when these were
presented separately from those for mortality.** In keeping with MCR standards,” we analyzed
oral cavity and pharynx cancers as a single category, although meta-analytic findings have
suggested a difference in the RRs for oral cavity cancer and pharynx cancer when considered
separately.!! We conservatively used the lower of the two RR estimates (oral cavity cancer) in

calculating the PAF for the composite category.

Since PAF computation relies on tobacco use data and RR estimates with an inherent degree of
imprecision, we used Monte Carlo simulations to account for this uncertainty and to generate
95% Cls for our PAFs.%*8 We took 1,000 random draws from the log-normal distribution of RR
estimates and 1,000 random draws from the binomial distributions of current and former
smoking among incident cases to generate 1,000 PAFs for each cancer type. We ordered the
1,000 simulated PAFs and reported the 25th, 500th, and 975th values as the lower confidence
bound, point estimate, and upper confidence bound, respectively. We then multiplied the PAF

for each cancer type by the corresponding count of incident cases to estimate the number of
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smoking-attributable cases for each cancer type. We summed this product across all 11 cancer
types to generate a composite estimate of the number of incident cancer cases attributable to

tobacco smoking.

Results

Among incident cases where tobacco use status was known, 88% of bronchus and lung cancers,
83% of oral cavity and pharynx cancers, 74% of liver and intrahepatic bile duct cancers, and
63% of colon and rectum cancers occurred in current smokers. Across 248 incident cases of all
11 tobacco-related cancer types where tobacco use status was known, 75% occurred in current
smokers and 15% occurred in former smokers. By comparison, in the 121 incident cases of non-
tobacco related cancers where tobacco use status was known, 60% occurred in current smokers

and 17% occurred in former smokers.

The simulated PAFs for each cancer type are shown in the Table. PAFs calculated with imputed
tobacco use values in place of unknown values were not substantively different from those based
only on cases with known tobacco status. We focused primarily on the PAFs from non-imputed
analyses since they were slightly more conservative. Based on these estimates, approximately
88% (95% CI 81%-91%) of bronchus and lung cancer cases, 72% (95% CI 36%-88%) of larynx
cancer cases, 60% (95% CI 45%-71%) of oral cavity and pharynx cancer cases, and 56% (95%
Cl142%-67%) of urinary bladder cancer cases were smoking attributable. Across all 11 tobacco-
related cancer types, about 157 (95% CI 147-166) cases were smoking-attributable. This

represents 34% (95% CI 32%-36%) of all incident cancer cases in the study cohort.
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Comparison to Other Settings

In the U.S. general population, about 82% of lung cancer deaths,! 67% of oral cavity and
pharynx cancer deaths,'® and 29% of all cancer deaths? are attributable to cigarette smoking. In
the United Kingdom, an estimated 86% of incident lung cancer cases, 65% of incident oral
cavity and pharynx cancer cases, and 19% of all incident cancer cases are tobacco-attributable.?
In comparison to these general population estimates, the higher proportion (34%) of all incident
cancer cases attributable to tobacco smoking in the BHCHP cohort likely reflects both the excess
rates of certain smoking-attributable cancers (e.g. bronchus and lung cancer and oral cavity and
pharynx cancer) as well as the significantly lower rates of certain non-tobacco-related cancers

(e.g., prostate cancer and female breast cancer).
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Appendix A Table. Tobacco Population Attributable Fractions (PAFs) by Cancer Site/Type

Cancer site/type

Data source for
relative risk

PAF (95% ClI),
non-imputed?

PAF (95% Cl),
imputed®

Bronchus and lung

Leeetal.t®¢

0.88 (0.81-0.91)

0.88 (0.81-0.91)

Cervix uteri Gandini et al.* 0.20 (0.05-0.36) 0.22 (0.09-0.37)
Colon and rectum Botteri et al.14 ¢ 0.14 (0.07-0.21) 0.14 (0.07-0.22)
Esophagus Gandini et al.!! 0.49 (0.29-0.61) 0.50 (0.32-0.62)

Kidney and renal pelvis

Larynx

Liver and intrahepatic bile

Gandini et al.1!
Gandini et al.11

0.26 (0.14-0.37)
0.72 (0.36-0.88)

0.28 (0.17-0.39)
0.73 (0.43-0.88)

dets Lee et al.’s 0.26 (0.16-0.34) 0.26 (0.16-0.35)
Oral cavity and pharynx Gandinietal.t*®  0.60 (0.45-0.71) 0.60 (0.46-0.70)
Pancreas lodice et al.*® 0.21 (0.10-0.32) 0.22 (0.11-0.32)
Stomach Gandini et al.*t 0.18 (0.05-0.31) 0.18 (0.07-0.31)

Urinary bladder

Gandini et al.1t

0.56 (0.42-0.67)

0.58 (0.45-0.68)

PAF, population attributable fraction

& PAF estimates based on current and former smoking proportions among those with known
tobacco status at the time of diagnosis

b PAF estimates based current and former smoking proportions after imputing tobacco status for
unknown cases using discriminant function methods

¢ North American studies, any tobacco product, random effects RR estimates

4 North American studies, incidence RR estimates

¢Oral cavity RR estimates
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Appendix B. Methods Used to Correct for Discrepancies Between Death

Certificates and Cancer Registry Records

Estimating the Correction Factor

As described in the manuscript, we revised the number of deaths due to certain cancer types in
the homeless cohort when the reported cause of cancer death on the death certificate differed
from the cancer type listed in the Massachusetts Cancer Registry (MCR) record. However, we
did not have the ability to directly identify and resolve similar discrepancies that may have
occurred in the general population because cancer mortality rates in Massachusetts were obtained
from the CDC Wide-ranging Online Data for Epidemiologic Research (WONDER) database’
while cancer incidence rates in Massachusetts were obtained from a published MCR report,? and
both sources provided only aggregate data. In order to avoid biasing the standardized mortality
ratio (SMR) estimates by dividing a corrected numerator (observed cancer deaths in the
homeless cohort) by an uncorrected denominator (expected cancer deaths based on
Massachusetts mortality data), we adjusted the SMR denominator using a correction factor.3*
We calculated the correction factors for each cancer type based on data from a study examining
discrepancies between cancer death records and cancer registry records for 265,863 cancer
decedents in three states.® This study compared the cancer type listed on the death certificates of
cancer decedents with the cancer type listed in the corresponding cancer registry record and
calculated confirmation rates (positive predictive values) and detection rates (sensitivities) for
death certificates in identifying deaths due to various cancer types. We calculated the correction

factor for each cancer type by dividing the death certificate confirmation rate by the death
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certificate detection rate.® The death certificate confirmation rate, detection rate, and correction

factor for identifying deaths due to cancer x can be mathematically displayed as follows:

true positives

Confirmation rate = positive predictive value = — —
true positives + false positives

Number of death certificates that correctly attribute death to cancer x

Total number of death certificates that attribute death to cancer x

true positives

Detection rate = sensitivity = — _
true positives + false negatives

Number of death certificates that correctly attribute death to cancer x

True number of deaths due to cancer x

confirmation rate

Correction factor = -
detection rate

True number of deaths due to cancer x

"~ Total number of death certificates that attribute death to cancer x

Applying the Correction Factor to Adjust the Expected Number of Cancer

Deaths

Since the SMR denominator represents the expected number of deaths due to cancer x based on
general population cancer mortality rates derived exclusively from death certificate data, it
follows that multiplying the SMR denominator by the correction factor will yield an
approximation of the true number of expected deaths due to cancer x. For cancer types where the
confirmation rate is superior to the detection rate, the correction factor is >1 and the corrected

number of expected deaths will be higher than the number expected based solely on death
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certificates. Conversely, for cancer types where the detection rate exceeds the confirmation rate,
the correction factor is <1 and the corrected number of expected deaths will be lower than the

number expected based only on death certificates.

Sensitivity Analyses

The results of SMR analyses performed with and without correction for discrepancies between
death certificates and cancer registry records were generally very similar. Among men, the
corrected and uncorrected SMR estimates for deaths due to cancers of the bronchus and lung,

colon and rectum, and liver and intrahepatic bile ducts are shown below:

Cancer type SMRuncorrected SMRcorrected
Bronchus and lung 2.37 (1.81-3.05) 2.39 (1.83-3.08)
Colon and rectum 2.17 (1.24-3.53) 2.37 (1.43-3.70)

Liver and intrahepatic bile
duct 4.20 (2.63-6.35) 4.35 (2.73-6.59)
ucts

Among men, 2 SMR estimates changed in statistical significance after correcting for

discrepancies between death certificates and cancer registry records:

Cancer type SMRuncorrected SMReorrected
Larynx 4.04 (1.10-10.3) 3.13 (0.85-8.00)
Oral cavity and pharynx 2.23 (0.72-5.20) 2.37 (1.08-4.49)

The change in significance of the oral cavity and pharynx cancer estimate was due to an under-
attribution of deaths from this cancer type on the death certificates of decedents in the homeless
cohort when compared against the documented cancer site/type in their MCR case files. A

similar pattern of misclassification has been observed in the general population, where death
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certificates have a sensitivity of only 53% in detecting deaths due to oral cavity and pharynx
cancer.> After upwardly revising both the SMR numerator and denominator to account for this
pattern of under-identification, the SMR point estimate changed only slightly but achieved

statistical significance because of an increase in the precision of the 95% CI.

Among women, the corrected and uncorrected SMR estimates for deaths due to cancers of the

bronchus and lung, breast, and cervix uteri are shown below:

Cancer type SMRuncorrected SMRcorrected

Bronchus and lung 2.33(1.27-3.91) 2.31 (1.26-3.88)
Breast 1.15 (0.37-2.68) 1.07 (0.34-2.50)
Cervix uteri 7.52 (1.55-22.0) 6.01 (1.24-17.6)

A small number of deaths (1-4) attributed to liver and intrahepatic bile duct cancer on the death
certificates of women appeared statistically greater than the number expected in uncorrected
SMR analyses, but we subsequently reclassified all of these deaths to other cancer types based

upon cross-examination with MCR records, yielding a corrected SMR of zero.

In view of the general similarity of the corrected and uncorrected results and the improved

accuracy afforded by the correction methods, we report only the corrected results in the

manuscript.
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Supplemental Table. ICD Codes Used for Identifying Incident Cancers (ICD-0-3) and Cancer

Deaths (ICD-10).

Cancer site/type ICD-0-3 ICD-10
Topography Morphology
Brain and other nervous system C70.0-C72.9 All except 9590-9989 C70-C72
Breast C50.0-C50.9 All except 9590-9989 C50
Bronchus and lung C34.0-C34.9 All except 9590-9989 C34
Cervix uteri C53.0-C53.9 All except 9590-9989 C53
Colon and rectum C18.0-C18.9, All except 9590-9989 C18-C20,
C19.9, C20.9, C26.0
C26.0
Corpus uteri and uterus NOS C54.0-C54.9, All except 9590-9989 C54-C55
C55.9
Esophagus C15.0-C15.9 All except 9590-9989 C15
Hodgkin lymphoma C00.0-C80.9 9650-9667 C81
Kidney and renal pelvis C64.9, C65.9 All except 9590-9989 C64-C65
Larynx C32.0-C32.9 All except 9590-9989 C32
Leukemia C00.0-C80.9 9733, 9742, 9800-9820, (C90.1, C91-
9826, 9831-9948, 9963- C95
9964
C42.0,C42.1, 9823, 9827
C42.4
Liver and intrahepatic bile ducts C22.0,C22.1 All except 9590-9989 C22
Melanoma C44.0-C44.9 All except 9590-9989 C43
Multiple myeloma C00.0-C80.9 9731, 9732, 9734 C90.0, C90.2
Non-Hodgkin lymphoma C00.0-C80.9 9590-9596, 9670-9729  C82-C85,
C96.3
All except C42.0, 9823, 9827
C42.1,C42.4
Oral cavity and pharynx C00.0-C14.8 All except 9590-9989 C00-C14
Ovary C56.9 All except 9590-9989 C56
Pancreas C25.0-C25.9 All except 9590-9989 C25
Prostate C61.9 All except 9590-9989 C61
Stomach C16.0-C16.9 All except 9590-9989 C16
Testis C62.0-C62.9 All except 9590-9989 C62
Thyroid C73.9 All except 9590-9989 C73
Urinary bladder? C67.0-C67.9 All except 9590-9989 C67

ICD-0-3, International Classification of Diseases for Oncology, 3rd Revision
2 In keeping with Massachusetts Cancer Registry protocol, incident cases include in situ (behavior=2) and malignant
(behavior=3) neoplasms of the urinary bladder. All other cancer types include only malignant (behavior=3)

neoplasms.
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