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Abstract
Objective—To evaluate the effectiveness of methods that control for confounding by indication,
we compared breast cancer recurrence rates among women receiving adjuvant chemotherapy versus
those who did not.

Study Design and Setting—In a medical record review-based study of breast cancer treatment
in older women (n=1798) diagnosed 1990-1994, our crude analysis suggested adjuvant
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chemotherapy was positively associated with recurrence [hazard ratio (HR)=2.6 (95% confidence
interval (CI)=1.9, 3.5)]. We expected a protective effect, so postulated that the crude association was
confounded by indications for chemotherapy. We attempted to adjust for this confounding by
restriction, multivariable regression, propensity scores [PS], and instrumental variable [IV] methods.

Results—After restricting to women at high-risk for recurrence (n=946), chemotherapy was not
associated with recurrence [HR=1.1 (95% CI=0.7, 1.6)] using multivariable regression. PS
adjustment yielded similar results [HR=1.3 (95% CI=0.8, 2.0)]. The IV-like method yielded a
protective estimate [HR=0.9; (95% CI=0.2, 4.3)]; however imbalances of measured factors across
levels of the IV suggested residual confounding.

Conclusion—Conventional methods do not control for unmeasured factors, which often remain
important when addressing confounding by indication. PS and IV analysis methods can be useful
under specific situations, but neither method adequately controlled confounding by indication in this
study.

Keywords
confounding by indication; propensity score; instrumental variable; non-randomized studies; breast
cancer; chemotherapy

What is new?

• Key Findings: (a) The implementation of propensity score adjustment does not
guarantee comparability between the exposure groups; (b) A strong instrumental
variable may be confounded; (c) Restricting to a more homogenous population
remains an effective way to control for confounding.

• What this adds to what was known: The use of propensity scores and
instrumental variable methods is not universally effective in all observational
settings.

• What is the implication, what should change now: Researchers should
understand the limitations and appropriateness of the propensity score and
instrumental variable methods in relation to their data before implementing and
interpreting results that may be as biased as results generated by conventional
methods.

Introduction
Confounding by indication remains an often intractable threat to validity in observational
studies.1 While confounding is best controlled by a randomized design, randomization is not
always feasible. For example, patients cannot be randomized to receive placebo when an
efficacious therapy is available.2 Furthermore, trials often exclude patients with pre-existing
conditions,3 particularly older adults.4 Non-randomized designs must evaluate the
effectiveness of therapies whose efficacy has been established in select groups by clinical trials,
but not in broader populations that might react differently to the therapy. For these and other
reasons,3 non-randomized studies of therapy effectiveness will remain important.1 In addition,
generalizing results from clinical trials with select patient populations may actually cause harm
in the heterogeneous populations treated in clinical practice.5

As an example, clinical trials of adjuvant chemotherapy in women aged 40-59 years with early
stage breast cancer demonstrate its efficacy with reductions in 5-year mortality between 20%
and 40%,6 but it is uncertain whether these benefits extend to older women, who bear the
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majority burden of breast cancer occurrence.7 Non-randomized studies of older women with
early stage breast cancer suffered from differences in prognosis between women who received
adjuvant chemotherapy and women who did not receive adjuvant chemotherapy,8,9 and thus
are potentially biased by confounding by indication.

When the validity of a study is threatened by confounding by indication, it is not straightforward
to determine which method of adjustment, if any, is most effective in obtaining a valid and
precise estimate of effect. Conventional methods to adjust for confounding, such as restriction
and multivariable regression, leave residual confounding due to unmeasured factors. Thus
propensity score (PS) adjustment and the instrumental variable (IV) approach have become
increasingly popular,10-13 with the intent to address this residual confounding by simulating a
randomized environment. PS adjustment theoretically increases comparability between the
comparison groups by creating pseudo randomization of measured confounders.14 The goal of
the IV approach is to reduce confounding by indication through the use of a variable that is
associated with the exposure, unrelated to the confounders, and has no direct association with
the outcome other than through the exposure.15 However, several investigators have cautioned
that these alternative methods are not universal solutions to the problem of confounding by
indication.10,11,13,16-18

Three observational studies used the SEER-Medicare19 linked dataset and found adjuvant
chemotherapy decreased the rate of breast cancer-specific mortality20 and all-cause
mortality20-22 in older women, with the greatest benefit seen in women with node positive,
estrogen receptor negative tumors.20,21 Based on these results and those of clinical trials among
middle-aged women,6 we expect adjuvant chemotherapy to be protective against breast cancer
recurrence in older women. With this prior information in mind, we compared methods used
to reduce confounding. We implemented restriction, multivariable regression, PS adjustment,
and an IV-like method to estimate incidence rates of breast cancer recurrence in women who
received adjuvant chemotherapy compared to women who did not, in the Breast Cancer
Treatment Effectiveness in Older Women (BOW) cohort.8,9,23

Methods
Study Population

The BOW cohort study was conducted at six integrated healthcare systems that are part of the
14-system consortium of the Cancer Research Network (CRN).24 The overall goal of the CRN
is to increase the effectiveness of preventive, curative and supportive interventions for major
cancers through a program of collaborative research, and to determine the effectiveness of
cancer control interventions that span the natural history of major cancers among diverse
populations and health systems. The six systems were Group Health Cooperative, Seattle, WA;
Meyers Primary Care Institute/Fallon Community Health Plan, Worcester, MA; Kaiser
Permanente Southern California; Lovelace/Sandia Health System, New Mexico;
HealthPartners, Minneapolis, MN; and Henry Ford Health System, Detroit, MI. The
institutional review boards of each healthcare system and the Boston University Medical Center
approved this study.

Detailed data collection methods have been described previously.23 Briefly, our cohort
included women age 65 or older diagnosed with early stage (I to IIB) breast cancer between
1990 and 1994 at one of these six integrated health systems. Women with bilateral cancer or
other malignancies except non-melanoma skin cancer were excluded if their diagnosis was
within five years before, or 30 days after, their initial breast cancer diagnosis. Our exposure of
interest was adjuvant chemotherapy, therefore women who received only a biopsy (n=22),
neoadjuvant chemotherapy (n=3), or had implausible chemotherapy start and stop dates
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recorded (n=13) were excluded from this analysis. We will refer to this population as the
“unrestricted cohort”.

Data collection
Demographic and tumor characteristics, breast cancer treatments, recurrence, and comorbid
conditions were collected via medical record reviews conducted up to 10 years post diagnosis.
Details of the medical record review are described by Thwin et al.26

Analytic variables
Adjuvant chemotherapy—Women who received adjuvant chemotherapy were considered
the index group. Among women who received adjuvant chemotherapy, the median length of
time to last adjuvant chemotherapy course was 183 days after diagnosis. Type of chemotherapy,
start and stop dates, number of courses, and completion were also collected. Women who were
not referred, not recommended, refused, or did not receive adjuvant chemotherapy comprised
the reference group. Women with no mention of chemotherapy in the medical records were
assigned to the reference group.

Follow-up time—We defined the start of follow-up as the date of last adjuvant chemotherapy
course (index) or 183 days after diagnosis (reference), and follow-up continued until the
diagnosis of breast cancer recurrence, death from any cause, disenrollment from the healthcare
system, or the completion of 10 years of follow-up, whichever came first.

Breast cancer recurrence—Breast cancer recurrence was defined as a tumor
pathologically or clinically diagnosed during the follow-up period. Tumors that occurred in
the same breast as the original tumor or in any lymph node or distant site were classified as a
recurrence. Women with recurrence (n=16) or death (n=6) that occurred before the last date
of chemotherapy course or before 183 days after diagnosis were excluded from the analyses.

Patient Characteristics—Demographic, tumor, and breast cancer treatment characteristics
were considered potential confounders in the association between adjuvant chemotherapy and
recurrence. Women were categorized by age at diagnosis (65–69; 70–74; 75–79; ≥80 years
old), race/ethnicity (non-Hispanic White; Hispanic and/or Other Race), tumor size (<1; 1 to
<2; 2 to <3; ≥3 centimeters [cm]), node positivity (negative [no presence of breast cancer in
lymph nodes]; 1–3 positive nodes; ≥4 positive nodes; not determined), histologic grade (well
differentiated; intermediate or moderately differentiated; poorly differentiated,
undifferentiated, or anaplastic; not determined or stated), primary therapy (breast conserving
surgery [BCS] only; BCS plus radiation therapy; mastectomy), estrogen receptor (ER)
expression (positive; negative; other), progesterone receptor (PR) expression (positive;
negative; other), tamoxifen (prescribed; not prescribed), and baseline Charlson Comorbidity
Index score (0; 1; ≥2).27 Women who did not have an axillary lymph node dissection were
similar to women who were node negative and the two groups were combined. Women who
were recorded as “other” for ER or PR expression were combined with ER positive expression
and PR positive expression, respectively. Women who were prescribed tamoxifen or another
hormonal agent (n=2) were classified as having received tamoxifen.

Data analysis
Descriptive statistics for demographic, tumor, and treatment characteristics were calculated
using univariate statistics. These characteristics were also evaluated as potential confounders
of the association between adjuvant chemotherapy and breast cancer recurrence using
contingency table analyses.
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We compared several methods in their ability to obtain valid and precise results, using the prior
from trials of younger breast cancer patients as a guide for the expected direction of the effect.
Figure 1 illustrates the analytic samples used for each of the analytic methods described below.
All analyses were performed using SAS statistical software version 9.1 (SAS Institute, Cary,
North Carolina).

Unadjusted analysis—Using Cox proportional hazards regression on the unrestricted
cohort, we estimated the hazard ratio associating receipt of adjuvant chemotherapy versus not
receiving adjuvant chemotherapy.

Restricted analysis—Within the unrestricted cohort, we identified a restricted subset of
women as high-risk for recurrence using the St. Gallen25 criteria from the calendar time of
diagnosis (1992). These criteria combine tumor size, node positivity, histologic grade, and ER
and PR expression to identify women who are considered at high-risk for recurrence. A woman
was classified as high-risk if she was node positive, or node negative with one of the following
three tumor characteristics: (1) poorly differentiated, grade III histology; (2) ER negative and
≥ 1 cm diameter; or (3) ER positive and >2 cm diameter. Using this restricted cohort to reduce
confounding, we conducted Cox proportional hazards regression to estimate the association
between adjuvant chemotherapy and breast cancer recurrence.

Restriction and multivariable regression—Using the restricted cohort, we adjusted for
demographic characteristics (age group, race/ethnicity, healthcare system, baseline Charlson
Comorbidity Index score27), tumor characteristics (tumor size, node positivity, histologic
grade, ER expression, and PR expression), and treatment characteristics (primary therapy,
tamoxifen prescription) to estimate the hazard ratio of breast cancer recurrence comparing
those who received chemotherapy with those who did not.

Propensity score method—A propensity score is a summary confounder score that is
modeled using the exposure as the dependent variable.14,28,29 Using logistic regression with
the restricted cohort, we modeled the probability of receiving adjuvant chemotherapy as a
function of the variables included in the multivariable adjusted model. To increase
comparability between our index and reference groups, we trimmed the data to include only
women with overlapping scores between the index and reference groups. With the trimmed
dataset, we used Cox proportional hazards regression to model the association between
adjuvant chemotherapy and recurrence, using three PS adjustment approaches. First we divided
the trimmed sample into PS quintiles. We adjusted for PS quintiles and used the lowest quintile
as the reference. Second, we adjusted for the continuous PS measure in the Cox proportional
hazards model. Last, we used a doubly robust adjustment, in which we adjusted for the
continuous PS and the variables used to predict the probabilities of receiving adjuvant
chemotherapy.

As recommended by Sturmer et al,10 we evaluated the distribution of patient characteristics
within the PS quintiles among women who received chemotherapy and women who did not.
To assess whether our trimmed dataset differed from the restricted cohort, we performed
multivariable adjustment on the trimmed dataset and compared these results to the results of
the restricted cohort.

Instrumental variable-like method—The instrumental variable method has been used in
analyses when confounding by indication is suspected.18,30-33 Specifically, the use of our IV-
like approach was intended to control for the confounding by unmeasured indications for
chemotherapy. Using an approach similar to Brookhart et al's preference-based IV method,
13,33 in the restricted cohort, we used each patient's surgeon's chronologically preceding
patient's receipt of adjuvant chemotherapy (preceding patient within our dataset) as the IV
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within strata of stage and ER expression to estimate the effect of receipt of adjuvant
chemotherapy on time to breast cancer recurrence. We used a surgeon's preceding patient's
receipt of adjuvant chemotherapy as a surrogate for a medical oncologist's preceding patient's
prescription of adjuvant chemotherapy because we did not have information on each patient's
medical oncologist (in addition, some patients did not see a medical oncologist). We assigned
the IV by stratifying the dataset by surgeon. Within each surgeon, the data were sorted by the
patient's date of diagnosis in chronological order. Patients of surgeons who only treated one
participant in our dataset were excluded from the IV-like analysis. For surgeons with greater
than one patient, the chronologically preceding patient's receipt of chemotherapy was assigned.
The chronologically first patient for each surgeon was excluded so that each patient would
have an IV defined.

IV-like estimation requires a two-step process. The first step used logistic regression to estimate
the probability of receiving adjuvant chemotherapy given the preceding patient's receipt of
adjuvant chemotherapy, and included patient characteristics (demographic, tumor, and
treatment) in the model. The second step predicted time to recurrence from the probabilities
calculated in the first step, using Cox proportional hazards regression and adjusting for patient
characteristics.

Using a patient's surgeon's preceding patient's receipt of adjuvant chemotherapy as the IV, we
relied on three key assumptions about the properties of the IV: (1) surgeon's previous patient's
receipt of adjuvant chemotherapy was independent of the unmeasured risk factors in the current
patient (IV not associated with confounders); (2) surgeon's previous patient's receipt of
adjuvant chemotherapy was independent of the outcome in the current patient (IV had no direct
effect on outcome); and (3) surgeon's previous patient's receipt of adjuvant chemotherapy
varies within surgeons (IV associated with exposure).

Following methods outlined by Brookhart and Schneeweiss, we assessed the validity and
interpretation of our estimate from our IV-like approach.13 The strength of the IV was estimated
by performing simple linear regression with the IV as the independent variable and receipt of
chemotherapy as the dependent variable in the model. We assessed the strength of our IV by
comparing it with the strength reported by Brookhart and Schneeweiss.13

We used measured patient characteristics as proxies for unmeasured variables. To evaluate
whether our IV assumptions were violated, we calculated the prevalence differences of patient
characteristics between the levels of the IV and the prevalence differences of patient
characteristics between the two levels of receiving chemotherapy. We assessed the imbalance
of these characteristics by calculating prevalence difference ratios between the IV relative to
receipt of chemotherapy. Prevalence difference ratios less than the null value of 1 indicated
that the patient characteristics were more balanced across the levels of the IV than across the
levels of the exposure. The prevalence difference ratios were compared with the strength of
the IV. If the prevalence difference ratios were less than the strength of the IV, then the estimate
for the association between adjuvant chemotherapy and recurrence using the IV-like method
would result in a less biased estimate than using conventional methods.12 Then we looked at
the prevalence differences across the IV. For each characteristic, if the prevalence difference
across the IV was not close to zero (no difference), then the IV remained confounded by that
characteristic, and residual confounding could not be ruled out.

The widths of the 95% confidence intervals around the hazard ratios for each analytic method
were calculated as the ratio of the upper limit to the lower limit. Larger widths were interpreted
as having less precision.

We repeated each analytic method to assess whether the rate of recurrence varied by type of
chemotherapy regimen.
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Results
Frequencies for demographic and tumor characteristics for the unrestricted cohort who received
primary therapy (n=1798), the cohort restricted to women at high-risk for recurrence (n=946),
the propensity score analytic sample (n=723), and the instrumental variable analytic sample
(n=539) are presented in Table 1 by receipt of chemotherapy. For women classified as high-
risk, 20% experienced a breast cancer recurrence. In the unrestricted, restricted, PS, and IV
samples, a higher proportion of women who received adjuvant chemotherapy were in the
youngest age category (65-69 years), had a baseline Charlson score of 0, and were node
positive, while a lower proportion were ER positive compared with those who did not receive
adjuvant chemotherapy. These differences in distributions illustrate the potential for
confounding by indication. Adjustment for tumor characteristics had the largest impact on the
effect estimates. Node positivity had that highest magnitude of confounding of 1.7, followed
by histology, tumor size, and ER status (each have a magnitude of confounding of about 1.3).

In the unrestricted cohort, receipt of adjuvant chemotherapy was crudely associated with
recurrence (hazard ratio [HR]=2.6; 95% confidence interval [CI]=1.9, 3.5). After restricting
the cohort to women at high-risk for recurrence, the hazard ratio relating recurrence to receipt
of chemotherapy (HR=1.8 [95% CI=1.3, 2.5]) seemed to be confounded by indications for
receipt of chemotherapy, presuming the prior based on clinical trials demonstrating a protective
effect holds true in this population.6 We observed a modest increased hazard rate of breast
cancer recurrence in women who received adjuvant chemotherapy compared with those who
did not after multivariable regression (HR= 1.1; 95% CI=0.7, 1.6).

The propensity score distributions among women who received chemotherapy versus those
who did not showed no substantial overlap (Figure 2), even after trimming the extreme
probabilities of receiving (“All Exposed”) and not receiving chemotherapy (“All Unexposed”).
Our PS trimmed sample consisted of 723 women at high-risk for recurrence. The crude estimate
for the PS analytic sample was HR=1.7 (95% CI=1.2, 2.5). The PS quintile adjustment method
yielded a slightly higher hazard ratio (HR=1.3; 95% CI=0.8, 2.0) than the multivariable
regression method. Both the continuous and the doubly robust PS adjustment methods yielded
a HR=1.1 (95% CI=0.7, 1.7). The multivariable adjusted association in the PS trimmed sample
was similar to what we observed using the multivariable method on the restricted cohort
(HR=1.1; 95% CI=0.7, 1.7).

For the IV-like method, to ensure that an instrument was assigned for each patient, 253 women
were excluded because they were the only patient, in our dataset, seen by their surgeon or
because they were the chronologically first patient, in our dataset, for their surgeon. The final
analytic sample included 539 high-risk women. The crude estimate for the IV analytic sample
was HR=2.1 (95% CI=0.1, 3.8). The IV adjusted estimate was HR=0.9 (95% CI=0.2, 4.3), but
confounding was not completely controlled. Although all of our prevalence difference ratios
were less than the strength of the IV of 23.7%, residual associations between the IV and several
measured characteristics —such as histology, tumor size, and node positivity— remained
(Table 2). Our prevalence difference ratios were both above and below the null, indicating that
for some characteristics (age, comorbidity, tamoxifen prescription, ER expression, and PR
expression) the IV was more balanced across levels of the characteristic than the observed
exposure, but for others (race, tumor size, node positivity, histology, and primary therapy) the
IV was less balanced than the observed exposure. For example, the imbalance in tumor size
<1 cm was an absolute difference of 2.99 between those who received adjuvant chemotherapy
and those who did not. The imbalance was reduced to 0.67 for the IV prevalence difference,
resulting in a prevalence difference ratio of 0.22. Some of these characteristics are important
prognostic markers for recurrence risk, so these residual associations portend the potential for
residual confounding by indication. Figure 3 depicts the estimates and standard errors for the
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association between adjuvant chemotherapy and breast cancer recurrence for the unadjusted
and adjusted methods.

Among the women who received chemotherapy, 67% received a cyclophosphamide-
methotextrate-flourouracil (CMF) regimen, 28% received an adriamycin-based regimen, and
4.8% were classified as having another regimen. Due to small numbers in chemotherapy
subgroups, we could only examine the effect of CMF chemotherapy regimen on the rate of
recurrence. Using the unrestricted, restricted, and PS methods, the results did not change
appreciably, except that there were wider intervals around the estimates. Using the instrumental
variable method the association between CMF and recurrence became slightly more protective
(HR=0.6; 95% CI = 0.1, 3.8).

Discussion
The association between receipt of adjuvant chemotherapy and recurrence risk in older women
with breast cancer provides a useful example of the manner in which confounding by indication
can complicate non-randomized studies of treatments in general populations. When
considering treatment recommendations to reduce breast cancer recurrence, oncologists
treating geriatric patients take into account tumor prognostic factors and additional factors such
as life expectancy, physical function, and quality of life.34 With minimal trial-based
information available to inform clinical guidelines, which currently offer no guidance for
treating older women with cancer,35 non-randomized studies are vitally important. However,
non-randomized studies are only reliable when confounding by indication is handled
adequately. When treatment with adjuvant chemotherapy among older patients is based on
clinical judgment, controlling for prognostic factors alone leaves residual confounding by
indication.

Although not intended to control for unmeasured confounding,10-12,14 propensity score
adjustment has been implemented in studies for this reason;21,22 however consistent with other
reports, our results suggest propensity scores do not provide any better control for unmeasured
confounding than multivariable regression.10,11 Even after controlling for known prognostic
factors, we obtained effect estimates in the causal direction, which would not be correct given
the prior on the expected direction of effect, which is based on results from clinical trials in
younger women.6 Our results using the IV-like approach yielded a slightly protective estimate
of the association; however the imbalance of measured factors across levels of the IV indicated
that our estimate remained confounded. Thus, no method of adjustment completely resolved
this bias.

Selection bias and misclassification are unlikely explanations for our results. The potential for
selection bias due to barriers to care was reduced by using an unselected sample of Medicare-
insured women with complete data on treatment from integrated healthcare systems.23 The
inter-rater reliability of medical record abstraction was ≥90% overall;36 with 90% sensitivity
and 96% specificity for breast cancer recurrence classification and 90% sensitivity and perfect
specificity for receipt of chemotherapy.36

Another possibility may be that the protective effect of adjuvant chemotherapy seen in younger
women does not apply to early stage breast cancer in older women. The meta-analysis of 194
randomized controlled trials from 1985–2000 stratified by age yielded a similar finding as our
IV-like result for women 70 years of age or older (recurrence rate ratio = 0.88) for 15-years of
follow-up.6 Yet, only 3.6% of the 95,403 women participating in the polychemotherapy trials
were in this age category.6 Thus, this meta-analysis finding should be interpreted with caution
because geriatric women were underrepresented.3,4 It is likely that the women who enrolled
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in these trials were healthier4 than the general elder patient population living with breast cancer.
37

We explored whether the effect of chemotherapy on recurrence varied by type of regimen.
When we repeated the analyses restricting to chemotherapy exposure to CMF regimen, other
than less precision for the estimates, the hazard ratios were nearly the same, except the
instrumental variable estimate became slightly more protective. We could not perform
subgroup analyses for the adriamycin-based regimen due to small numbers. However, in
younger patients, for whom the data are adequate to assess the differences between adriamycin-
based and non-adriamycin-based chemotherapy, the difference in recurrence between these
types of chemotherapy is ∼3% at 5 years after diagnosis.6

We explored potential explanations for our PS and IV findings. Our PS quintile adjustment
suggested a stronger association among women who received adjuvant chemotherapy and
recurrence than the other PS methods. Subjects were not evenly distributed between the
quintiles, which was due to the inability of the PS quintile adjustment to discriminate scores
between subjects with the same probability of exposure. Thus the majority of subjects fell into
the lowest quintile (Q1), which may explain why the continuous and doubly robust PS
adjustments yielded better control.

We assessed whether our PS findings could be explained by differences in patient
characteristics between the PS trimmed sample and restricted cohort by comparing
multivariable regression results of the two analytic samples. We found nearly identical results,
indicating that the distributions were similar. Additionally, our PS adjustment results were
nearly equivalent to those yielded by the multivariable method. Propensity scores are thought
to be superior to multivariable regression models because they theoretically allow control for
multiple measured confounders and increase comparability between the index and reference
groups.10-12,14 However, in a review by Sturmer and colleagues, they found only 13% of 69
studies had multivariable adjusted results >20% different than results from adjusting for PS.
10 Moreover, we found that even after trimming our dataset to exclude non-overlapping
propensity scores, the distribution of the propensity scores among those who received
chemotherapy (index) versus those who did not (reference) still lacked comparability. This
finding suggests residual confounding, which we could not examine using conventional
methods. As expected, the propensity score method did not rectify the confounding by
indication in our study; it persisted in the cohort of high-risk patients even after adjusting for
measured prognostic factors that are considered when prescribing adjuvant chemotherapy.

We compared our IV-like method to Brookhart and Schneeweiss' example of a preference-
based IV method to provide a better understanding of the validity of our IV result. They studied
approximately 50,000 subjects,33 whereas after applying the exclusions required to implement
our IV-like method, our analytic sample was 539 women. The IV acts as if we had randomized
the exposure and like randomization, substantial departures in the data from the presumed
balance of measured and unmeasured confounders is more likely in smaller studies.

More probable explanations may be violations of the IV assumptions, which Hernan and
Robins have emphasized are unverifiable.17 We initially questioned the strength of our IV
because an IV that is weakly associated with exposure can bias the estimate more than not
adjusting at all.17,18,38,39 However, the strength of our IV was equivalent to the strength of the
IV used by Brookhart and Schneeweiss (23%)13 and similar to the strength of other preference-
based IVs that they have encountered (MA Brookhart, unpublished data, 2008).

We then evaluated whether our IV was independent of unmeasured risk factors. We assessed
the plausibility of confounding by unmeasured factors by comparing the prevalence differences
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of measured factors across levels of the IV. Imbalances remained among measured
characteristics, suggesting that there may be clustering of patient risk factors within certain
surgeons. Therefore, we cannot rule out that associations between important unmeasured
factors and the IV may exist. The imbalance of measured patient characteristics across levels
of the IV indicated that the IV is confounded. The IV estimate for the association between
receipt of chemotherapy and breast cancer recurrence controlled for more confounding than
the other methods, but did not completely resolve the bias.

The intervals around the estimates were wider using the PS method and IV method than
conventional methods. The widths of the intervals (ratio of upper to lower limits) around the
unrestricted, restricted, PS continuous and doubly robust, and PS quintile estimates were 1.8,
1.9, 2.4, and 2.5, respectively. The width of the interval around the IV estimate was
substantially larger at 22. This demonstrates that our IV-like method was less statistically
efficient than the conventional methods and, therefore, larger samples may be needed for IV
methods to be feasible.

Alternative methods have been suggested to reduce confounding in observational studies, yet
we found that conventional methods such as restriction and multivariable regression were as
effective as the propensity score method. Our IV-like method was the only approach that
yielded a protective association. However, we must be cautious in its interpretation because of
the residual confounding in the distribution of measured factors across levels of the IV. The
use of these alternative analytic methods to control for confounding by indication is not
universal across all observational settings.10,13,16

Non-randomized studies of therapy effectiveness will remain important contributions to our
scientific knowledge base. Such studies will, however, remain susceptible to confounding by
indication, despite advancing methods to control this seemingly intractable bias.
Understanding the limitations and appropriateness of the propensity score and instrumental
variable methods is an essential step before implementing and interpreting results that may be
as biased as results generated by conventional methods.
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Figure 1. Venn diagram of analytic sample sizes for each adjustment method used to control for
confounding by indication in a study of older women with breast cancer
* BOW cohort excluding women with biopsy only (n=22), neoadjuvant chemotherapy (N=3);
inconsistent chemotherapy dates (n=13), and women who had a recurrence (n=16) or died
(n=6) before the start of adjuvant chemotherapy or 183 days after date of diagnosis.
† Restricted to women who are classified as high-risk for recurrence by the 1992 St. Gallen
Criteria.25

‡ Trimmed the sample to exclude women who did not have overlapping propensity scores.
§ Excludes 253 women because they were the only patient seen by their surgeon or because
they were the chronologically first patient for their surgeon, in our dataset.
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Figure 2. Propensity score distribution for adjuvant chemotherapy in older women with breast
cancer by quintile. The propensity score analytic sample trimmed the “All exposed” and “All
unexposed” categories
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Figure 3. Estimates and standard errors for the association between adjuvant chemotherapy and
rate of breast cancer recurrence in older women
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Table 2
Assessment of imbalance of measured patient characteristics across levels of instrumental
variable and exposure (adjuvant chemotherapy) and prevalence difference ratios

Patient characteristics
Prevalence Difference

across levels of
instrument*

Prevalence
Difference across

levels of exposure† Prevalence Difference Ratio‡

Age categories
 65-69 18.16 34.01 0.53
 70-74 -2.25 -4.90 0.46
 75-79 -8.39 -13.68 0.61
 80+ -7.52 -15.43 0.49
Race / Ethnicity
 Non-Hispanic White 3.15 2.21 1.43
 Hispanic or Other Race -2.28 -1.32 1.73
Charlson Comorbidity Index
 0 9.66 19.78 0.49
 1 -6.89 -12.30 0.56
 2+ -2.77 -4.48 0.62
Tumor Size
 < 1 cm -0.67 -2.99 0.22
 1 to < 2 cm -6.1 5.05 1.21
 2 to < 3 cm 4.07 -15.28 0.27
 3+ cm 2.69 13.22 0.20
Node Positivity
 None or Not determined -15.22 -33.84 0.45
 1 to 3 nodes 5.01 3.86 1.30
 4+ nodes 10.21 29.98 0.34
Histologic Grade
 Well differentiated -1.62 -0.15 10.80
 Intermediate/moderate 18.96 -4.00 4.74
 Poorly differentiated/undifferentiated/ anaplastic -6.34 20.52 0.31
 Not determined/ stated -11.01 -16.36 0.67
Estrogen Receptor Expression
 Positive -24.3 -31.68 0.72
 Negative 24.3 31.68 0.77
Progesterone Receptor Expression
 Positive -22.16 -30.34 0.73
 Negative 22.16 30.34 0.73
Primary Therapy
 BCS only -8.01 -9.84 0.81
 BCS plus Radiation Therapy -6.38 -2.86 2.23
 Mastectomy 14.39 12.69 1.13
Tamoxifen Prescribed
 Yes -7.03 -14.03 0.57
 No 7.03 14.03 0.57

*
Prevalence of being assigned the index condition for the instrument minus the prevalence of being assigned the reference condition for the instrument.

†
Prevalence of having the index condition (receiving adjuvant chemotherapy) minus the prevalence of not having the reference condition (not receiving

adjuvant chemotherapy).

‡
Prevalence difference for the instrument divided by the prevalence difference for the exposure.
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