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To THE EpITOR: The increasing complexity and cost of
conducting randomized trials' have stimulated interest in using
observational data sets to evaluate cancer treatments.”* Deter-
mining the causal effect of treatments from observational data
is, however, challenging because more aggressive treatments are
selectively prescribed for patients with adverse disease character-
istics or favorable comorbidity profiles. Associations may, there-
fore, arise between treatments and outcomes that are the result of
confounding and are not causal. Relatively little is known about the
extent of such confounding or the degree to which it can be re-
moved through stratification by prognostic variables. Breast cancer
is one of the commonest conditions for which radiotherapy is
prescribed. We have therefore used it to examine this issue.

We analyzed data on women registered between 1990 and
2008 in the SEER public-use data set.” Women were excluded if
they were younger than 20 or older than 80 years when diagnosed,
had previous cancer, unknown cancer laterality, bilateral cancer, or
unknown radiotherapy status. Each woman entered the study on
the date of her breast cancer diagnosis and left on the earliest of the
following events: death, loss to follow-up, turning age 85 years,
or January 1, 2009. Two analyses were conducted. In the first,
deaths and person-years were stratified by five basic variables; the
second stratification also included all available prognostic vari-
ables. Mortality ratios were estimated by maximum likelihood
using Poisson regression. Calculations were performed using
STATA version 12 (STATA, College Station, TX). Information was
also collated from the Early Breast Cancer Trialists’ Collaborative
Group (EBCTCG) meta-analyses of randomized trials of radio-
therapy versus not.®® Analyses were stratified by trial, individual
follow-up year, age at randomization, and nodal status.

After breast-conserving surgery, with only basic variables in the
stratification, radiotherapy was associated with reduced mortality for
all the causes examined (Appendix Table Al, online only). Stratifying
for all available prognostic variables changed the estimates, but all
remained significantly below one. Notably, the rate ratio for mortality
from all causes except breast cancer (0.69) was lower than that for
breast cancer (0.74). After mastectomy in node-positive disease, with
only basic variables in the stratification, radiotherapy was associated
with increased breast cancer mortality and all-cause mortality, and
decreased mortality from all causes except breast cancer. Stratifying for
prognostic variables changed the death rate ratios for breast cancer
from 1.35 to 0.89 and all causes of death from 1.21 to 0.85, but the rate
ratio for mortality from all causes except breast cancer (0.74) was still
lower than that for breast cancer (0.89).

Estimates of the effects of radiotherapy in the EBCTCG
meta-analyses of randomized trials were then compared with
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the corresponding death rate ratios in the SEER data stratified
by all available variables (basic and prognostic; Fig 1). After breast-
conserving surgery, the breast cancer death rate ratio in the EBCTCG
data was 0.83 for all women and did not differ significantly between
pNO (node-negative disease) and pN+ (node-positive disease;
P =.76), whereas in the SEER data the corresponding death rate ratio
for all women was lower (0.74 v 0.83; P = .04), and differed sig-
nificantly between pNO and pN+ (0.84 v 0.73; P = .008). After
mastectomy, the breast cancer death rate ratio in the EBCTCG data
was 0.85, similar to that after breast-conserving surgery, and it did not
differ significantly according to the number of positive nodes (P for
heterogeneity = .53). In contrast, in the SEER data, there was sub-
stantial heterogeneity in the breast cancer death rate ratios according
to the number of positive nodes (P for heterogeneity < .001).

In women with one to three positive nodes, postmastectomy ra-
diotherapy was associated with significantly increased breast cancer
mortality in the SEER data (1.10; 95% CI, 1.02 to 1.18) and significantly
decreased breast cancer mortality in the EBCTCG data (0.80; 95% CI,
0.67 to 0.95). For mortality from all causes except breast cancer, there
were also major qualitative differences between the EBCTCG and SEER
data. In the EBCTCG data, radiotherapy was associated with significantly
higher rates of mortality from all causes except breast cancer, including
from heart disease and from lung cancer. In the SEER data, radiotherapy
was associated with significantly lower rates of mortality from all causes
except breast cancer, including from heart disease.

SEER is one of the largest, most detailed data sets. If we had used
these SEER analyses to draw conclusions about the causal effects of
radiotherapy, we would have concluded that radiotherapy after breast-
conserving surgery is more effective in node-positive than in node-
negative disease, and that radiotherapy after mastectomy in women
with one to three positive nodes causes death from breast cancer. We
would have also concluded that radiotherapy prevents mortality from
all causes except breast cancer, including from heart disease and from
accidents and violence (Appendix Table Al). These results contradict
those of the randomized trials. We conclude, as have others,” that
nonrandomized comparisons are liable to provide misleading esti-
mates of treatment effects. Therefore, they need careful justification
every time they are used.
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Fig 1. Ratios of annual death rates in women randomly assigned to receive radiotherapy (RT) or not in the Early Breast Cancer Trialists’ Collaborative Group (EBCTCG)
meta-analyses (left panel) and in women recorded as receiving RT or not in the SEER cancer registries (right panel). For the EBCTCG data, numbers of women randomized
are as follows: breast-conserving surgery, n = 10,801 in 17 trials; mastectomy and axillary dissection (AD), n = 3,131 in 14 trials; other mortality, n = 42,080 in 78 trials.
Stratification is by trial, individual year of follow-up, age at randomization (< 40, 40-49, 50-59, 60-69, 70+ years), and nodal status (breast conserving surgery [BCS]: negative
[pNO], positive [pN+1, unknown [pN?]; mastectomy: one to three positive nodes [pN1-3], four to nine positive nodes [pN4-9], 10 or more positive nodes [pN10+], positive
but number of positive nodes unknown [pN?]). For the SEER data, numbers of women are as follows: breast-conserving surgery (n = 186,571 [RT]; n = 54,146 [no RTI;
mastectomy and node-positive (n = 32,664 [RT]; 55,854 [no RTI); stratification is by both basic and prognostic variables (definitions are in Appendix Table A1).
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Appendix

Table A1. Death Rate Ratios in Women Recorded as Receiving Radiotherapy Versus Other Women (no radiotherapy) in the SEER Cancer Registries, 1990 to 2008

Cause of Death

Basic Variables Only*

Basic Variables Plus Prognostic Variablest

Breast-conserving surgery (n = 186,571 RT; n = 54,146 no RT)
Breast cancer
All causes except breast cancer
Heart disease
Lung cancer#
Other cancers
Other diseases
Accidents and violence
All causes of death
Mastectomy and node positive (n = 32,664 RT; n = 55,854 no RT)
Breast cancer
All causes except breast cancer
Heart disease
Lung cancer#
Other cancers
Other diseases
Accidents and violence

0.61 (0.59-0.64)
0.62 (0.60 to 0.64)
0.54 (0.57 to 0.58)
0.82 (0.71-0.96)
0.77 (0.72-0.83)
0.58 (0.55 to 0.61)
0.71 (
0.61 (

0.58 to 0.88)
0.60-0.63)

1.35 (1.31 to 1.39

0.89 (0.85 to 0.94

0.87 (0.78 to 0.97
(

1.16 (1.04 to 1.29

0.79 (0.72 t0 0.85

0.92 (0.68 to 1.24

0.74 (0.71 to 0.78)
0.69 (0.66 to 0.71)
0.62 (0.57 to 0.67)
0.81 (0.68 to 0.97)
0.83 (0.76 to 0.91)
0.65 (0.67 to 0.69)
0.67 (0.52 to 0.86)
0.70 (0.68 to 0.73)

0.89 (0.86 to 0.93)
0.74 (0.68 to 0.80)
0.77 (0.66 to 0.89)
1.07 (0.74 to 1.55)
0.93 (0.80 to 1.08
0.67 (0.55 to 0.69,
0.69 (0.46 to 1.04

)
)
)
0.83 (0.62 to 1.11)
)
)
)
)

)
)
)
)

All causes of death 1.21 (1.17 to 1.24 0.85 (0.81 to 0.88

NOTE. Data are ratios of annual death rates (95% Cls) in women recorded as receiving RT and in women for whom RT was not recorded (no RT).

Abbreviation: RT, radiotherapy.

*Basic variables: age at breast cancer diagnosis (< 40, 40-44, 45-49, 50-54, 55-59, 60-64, 65-69, 70-74, 75-79 years), calendar year of breast cancer diagnosis (1990-
1992, 1993-1997, 1998-2002, 2003-2008), years since breast cancer diagnosis (0-4, 5-9, 10-14, 15-19, 20+), stage (localized, regional), and ethnicity (black, white, other/
unknown).

TPrognostic variables: tumor size (T1 [< 2 cml, T2 [2-5 cm], T3 [> 5 ¢cm], unknown), number of involved nodes (up to 2003: exact number of nodes examined by the
pathologist and found to be positive [0, 1-3, 4-9, 10+, unknown or not specified, not applicable, not stated]; from 2004 onward: American Joint Committee on Cancer
nodal stage [NO, zero positive nodes; N1, one to three positive nodes; N2, four to nine positive nodes; N3, 10+ positive nodes; not applicable; unknownl), grade (low,
intermediate, high, unknown), estrogen receptor status (positive, negative, unknown), quadrant (inner, outer, other), axillary clearance (yes, no, other or unknown). These
variables were recorded only from 1990.

FIncludes only deaths in women with microscopically confirmed lung cancer, identified by cross-matching of recorded deaths to SEER data file of lung cancer
registrations.
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