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Abstract

Background and Purpose—Sex and race reportedly influence outcome after recombinant
tissue-type plasminogen activator (rtPA). It is, however, unclear whether baseline imbalances (eg,
stroke severity) or lack of response to thrombolysis is responsible. We applied balancing methods
to test the hypothesis that race and sex influence outcome after rtPA independent of baseline
conditions.

Methods—We mapped group outcomes from the National Institute of Neurological Disorders
and Stroke (NINDS) dataset based on race and sex onto a surrogate-control function to assess
differences from expected outcomes at their respective National Institutes of Health Stroke Scale
and age. Outcomes were also compared for subjects matched individually on key baseline factors
using NINDS and 2 recent datasets from southeastern United States.

Results—At similar National Institutes of Health Stroke Scale and age, 90-day good outcomes
(modified Rankin Score, 0-2) in NINDS were similarly improved after rtPA for white men and
women. There was a strong trend for improvement in black men. Conversely, black women treated
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with rtPA showed response rates no different from the controls. After baseline matching, there
were nonsignificant trends in outcomes except for significantly fewer good outcomes in black
versus matched white women (37% versus 63%; P=0.027). Pooling the 3 datasets showed a
similar trend for poorer short-term outcome for black women (P=0.054; modified Rankin Score,

0-1).

Conclusions—Matching for key baseline factors indicated that race and sex influence outcome
most strikingly in black women who demonstrated poorest outcomes after rtPA. This finding
supports the hypothesis that poor response to rtPA, rather than differences in baseline conditions,
contributes to the worse outcome. This finding requires prospective confirmation.
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Recombinant tissue-type plasminogen activator (rtPA) remains the only Food and Drug
Administration (FDA)-approved therapy to improve outcome after acute ischemic stroke.!
The effectiveness in various populations remains incompletely explored and is of
considerable importance, given the interest in expanding the ischemic stroke populations
eligible for rtPA.2=4 As an example, effectiveness of rtPA in women compared with men
remains inconclusive, with studies complicated by differences in initial stroke severity and
underlying stroke pathophysiology.® Although blacks bear a disproportionate burden of
stroke incidence and stroke-related morbidity and mortality,6-1 clarification of the role of
race in influencing rtPA outcomes has been hampered by small numbers of non-white
patients in randomized controlled trials. Qureshi et al'2 have shown long-term mortality for
black women was highest among a cohort of blacks and whites. However, the differences in
baseline factors, such as stroke severity or differences in subtype, could have explained the
higher longer term mortality within this study. It is important to explore the relative safety
and effectiveness of rtPA in populations with similar baseline characteristics to better define
factors that influence any differences that are found. Available datasets include very few
blacks treated with rtPA. For example, from the National Hospital Discharge Survey
database of 22 842 patients hospitalized with ischemic stroke in the years 2001 to 2006, only
29 blacks received rtPA 13

In the National Institute of Neurological Disorders and Stroke (NINDS) rtPA trial parts A
and B, a total of 80 blacks received active drug. A post hoc multivariable analysis of the
NINDS dataset was published in 1997 to evaluate multiple factors, including race, with
regard to influence on rtPA treatment outcomes.1# Neither race nor other baseline factors
were found to influence or independently predict stroke outcomes after rtPA administration,
after controlling for the strongly predictive variable of stroke severity at baseline. However,
the small subgroup sample sizes and limitations of available analytic techniques suggested
that further study was needed to ascertain differences in subgroup response to rtPA.15

We have argued that conventional analytic methodologies used for stroke treatment trials
present challenges, particularly for subgroup analyses where sample sizes tend to be small
and thus have a greater likelihood of imbalances of baseline factors that influence
outcome.16 In this study, we use 2 distinct, complementary techniques to address issues of
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heterogeneity and small sample numbers to analyze 3 datasets with respect to sex and race.
pPREDICTS is based on the generation of a surrogate-control function from the placebo arm
of published randomized clinical trials, which relates selected group baseline characteristics
to selected efficacy and safety outcomes (eg, modified Rankin Score [mRS], mortality).1”
This enables comparison of treatment arm outcomes to an outcome model with similar
baseline characteristics.

The second technique pPAIRS matches subjects on an individual basis. Matching is based
on dichotomous (eg, race or sex) and continuous (eg, National Institutes of Health Stroke
Scale [NIHSS], age, and glucose) variables in Euclidean multidimensional space.® Unlike
other matching methods, such as the Propensity Score, this method requires few assumptions
regarding the relationship (eg, linear versus nonlinear) among these factors. Propensity
Score accomplishes a similar goal of balancing populations based on selected factors, but
has been validated only for large populations.1® pPAIRS can be applied to smaller
populations, as long as there is sufficient overlap of subject characteristics for
matching.18:20.21 Despite being completed nearly 2 decades ago, the NINDS rtPA dataset
remains one of the best characterized datasets, and the only randomized controlled clinical
trial of rtPA with a reasonably proportionate enrollment of blacks. Therefore, we used this
dataset to investigate potential race, sex, and race-plus-sex outcome differences after
rigorous consideration of baseline variables. We then combined the NINDS results with
more recently acquired data from 2 southeastern US university stroke programs. A
disadvantage of using nonrandomized control populations to compare outcomes after rtPA is
there may have been contraindications to rtPA that could worsen outcome in the non—tPA-
treated controls. To minimize this potential bias, we include an analysis of baseline-matched
populations all of whom received rtPA and compare outcomes. We used these methods to
test the hypothesis that race and sex influence outcome after rtPA independent of baseline
conditions.

pPREDICTS Group Comparison

pPREDICTS is a predictive model developed from proportions of subjects in the control
arms of 28 randomized controlled trials comprising a total of 7136 subjects.1” Although it
was not the primary end point in the NINDS trial, we used an mRS of 0 to 2 as the
functional outcome end point because it is the most commonly used end point in published
stroke trials. The custom Matlab program generates a surface in 3-dimensional (3D) space
that represents an mRS of 0 to 2 proportions expected for a particular baseline NIHSS and
age. This surface is bounded on either side by a +95% prediction interval surface.l” Our
model accounted for 90% of the mRS of 0 to 2 and 83% of the mortality variance with
respect to NIHSS and age.1”

Outcome Assessment

The complete NINDS database was accessed.22 The median NIHSS and mean ages of the
NINDS rtPA subgroups of white men and women and black men and women were
superimposed on the pPRE-DICTS mRS of 0 to 2 and mortality models.
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pPAIRS Euclidean Matching Method

A custom Matlab program was written to match subjects on baseline characteristics, with
elimination of outliers as defined a priori.1820.21 A matching method based on weighted
Euclidean distances was adapted to obtain a pair of subjects considered to be the nearest
neighbors in an 3D space of NIHSS, age, and glucose.18:23.24 Because there were fewer
blacks relative to whites available to match, we were able to find a suitable white subject for
each black subject. However, because even among these matches, there may be outliers, to
eliminate matched pairs with extreme values of interpair distances, a threshold on the basis
of 25th and 75th percentile was chosen.18:25

Study Populations and Outcome Measures

For pPAIRS analysis of the NINDS dataset, we first matched baseline NIHSS, age, glucose,
and stroke subtype by race and sex in subjects all of whom had received rtPA to assess the
role of race and sex on outcomes after thrombolysis independent of baseline severity. We
next assessed the relative effectiveness of rtPA by matching baseline factors for subjects in
the rtPA arm to subjects in the placebo arm. Specifically in the matched sample of white and
black women, we performed exploratory analyses of multiple demographic and historical
factors between the 2 groups.

pPAIRS was then applied to 2 more recently acquired datasets from stroke programs at the
University of Alabama at Birmingham and Tulane University. These datasets included
patients from 2009 to 2011, (n=90) white and (n=43) black women (University of Alabama
at Birmingham) and 2008 to 2010, (n=23) white and (n=46) black women (Tulane). Factors
collected included baseline demographic factors and NIHSS, but did not universally include
stroke subtype, and for the most part, discharge assessment time point was limited to
hospital discharge. Therefore, we pooled all the black and white women treated with rtPA
and matched based on factors other than stroke subtype. We used the 7- to 10-day NINDS
end point for this analysis. Our interest in this analysis was to confirm the outcomes after
rtPA comparing white and black women, and hence we included only those patients that
received rtPA.

Statistical Methods

Results

We compared pre- and postmatch baseline factors using Student #test of means (NIHSS,
age, and glucose) and Wilcoxon rank sum test of medians (NIHSS). We compared prematch
90-day outcomes (mRS) using Fisher test of proportions. Postmatch continuous
demographic variables were compared using #test, and dichotomous variables were
compared using McNemar test. We assessed the range of outcomes included in the rtPA
NINDS dataset without regard to a predetermined primary outcome measure, as the intent of
this experiment is hypothesis generation.

National Institute of Neurological Disorders and Stroke Database

Race and Sex Considered Separately—We examined outcomes based on either sex or
race after baseline matching for NIHSS, age, glucose, and stroke subtype using pPAIRS. The
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full results can be seen in Tables | and 1l in the online-only Data Supplement. Men and
women show similar outcomes after receiving rtPA, with a trend toward less favorable
response to rtPA in women compared with men when compared against sex-matched
placebo outcomes. For example, among baseline-matched samples, 43.1% of men and
44.0% of women achieved an mRS of 0 to 1 after receiving rtPA, (P=1.00; Table IA in the
online-only Data Supplement). Relative to placebo, 50% more men and 21.8% more women
achieved an mRS of 0 to 1 after rtPA (Table IB in the online-only Data Supplement).

Comparing outcomes based on race, and not considering sex, we found a nonsignificant
trend toward poorer outcomes after rtPA in blacks compared with whites, and lower
response to rtPA compared with placebo (Table I1A in the online-only Data Supplement).
For example, 46.5% of whites achieved an mRS of 0 to 1 after rtPA, compared with 36.6%
of blacks (P=0.190). Relative to placebo, 47.6% more whites achieved an mRS of 0 to 2
compared with 10.8% for blacks (Table 11B in the online-only Data Supplement).

Simultaneous Consideration of Race and Sex

Using the pPREDICTS model, the dataset as divided by race plus sex is shown in the Figure.
This analysis relates baseline NIHSS and age to a 90-day mRS of 0 to 2 (zaxis). The middle
surface is the fitted function. The surfaces above and below this function represent the
P=0.05 prediction interval around this surface. Hence, a point above or below this surface
indicates outcomes that are greater or less than those of the control arm function. The result
for each subgroup is shown, superimposed on the surface at the median NIHSS and mean
age of each subgroup.

In Figure (A), the results for white men and women are shown. The groups differ on
baseline characteristics (the open circles are not superimposable for the 2 sexes; eg, the
women group has a higher baseline NIHSS). However, both control arms are near the pooled
surface, indicating that they are comparable with the expected outcomes for the larger
pooled sample. This finding suggests that overall outcomes for the placebo arm of
randomized controlled trials published since the NINDS trial have not appreciably changed.
rtPA treatment outcomes are above the upper surface, for both white men and women,
suggesting that rtPA treatment is beneficial for both white sexes (£<0.05).

In Figure (B), the results for black men and women cohort are shown. Both control arms are
near to the middle surface, although baseline characteristics differ between the 2 sexes.
However, although the treatment arm for black men is near the £=0.05 surface, the treatment
arm for the black women is on the control surface, indicating little or no response to
thrombolytic treatment (arrow) compared with expected outcomes. This result indicates that
outcomes for black women treated with rtPA were not different than for those who received
placebo at comparable NIHSS and age.

To pursue these findings, simultaneous matching for sex, race, baseline NIHSS, age,
glucose, and stroke subtype was performed using pPAIRS (Tables 1 and 2). The number of
subjects available for this analysis after outlier elimination was 42 white men, 30 white
women, 42 black men, and 30 black women.
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There was a trend toward a lower percentage of black men compared with white men who
achieved an mRS of 0 to 2 after receiving rtPA, and fewer black men versus white men
achieved NIHSS 0 to 1 (23.8% versus 42.9%, respectively; £=0.043). Among black women
who received rtPA, the proportion with good poststroke outcome (mRS, 0-2) was lower
when compared with matched white women: 37% for black women versus 63% for white
women (P=0.027). Compared with white women, 42% fewer black women had a good
poststroke functional outcome after rtPA. Mortality was nonsignificantly higher in black
women (23.3% versus 6.7%; P=0.131; Table 1). We further examined this trend of higher
mortality by superimposing the original women group data onto our pPREDICTS mortality
function (Figure | in the online-only Data Supplement). The highest mortality can be seen in
black women who received rtPA, approaching the P=0.05 upper boundary.

We hypothesized that lack of response to rtPA compared with placebo is 1 possible
explanation for the poorer outcome of black women treated with rtPA compared with white
women. Among black women, after balancing on baseline NIHSS, age, glucose, and stroke
subtype, the percentage that achieved either an mRS of 0 to 1 or 0 to 2 was 33% in both rtPA
and placebo groups (Table 2), confirming this hypothesis.

Exploratory results of the post hoc test of demographics and historical factors between
baseline-matched white and black women showed that history of diabetes mellitus, weight,
and blood urea nitrogen differed between black and white women (Table 111 in the online-
only Data Supplement). Notably, time to treatment was nonsignificantly higher in black
women with a difference of 15 minutes (~=0.15).

Outcomes of Post-rtPA women patients from the combined NINDS, Tulane, and University
of Alabama at Birmingham Datasets

From the combined datasets of NINDS, Tulane, and University of Alabama at Birmingham,
120 black women and 201 white subjects were available for analysis. Euclidean matching
identified 120 white women as nearest neighbors to the 120 black women. Among these
pairs, 8 outlier black—white pairs (7%) were subsequently eliminated because of prespecified
outlier definition. Comparison of baseline variables, efficacy, and safety outcomes prematch,
postmatch, and for pairs eliminated postmatch are shown in Table IV in the online-only Data
Supplement for women (results for men are shown in Table V in the online-only Data
Supplement). In general, eliminated subjects had a lower NIHSS and in the case of blacks,
much higher glucose.

Baseline characteristics for the resulting final matched sample were similar in both white
and black women. We found a strong trend for white women treated with rtPA to have better
short-term outcomes in terms of mRS of 0 to 1 (P=0.054). In contrast to the 90-day NINDS
outcomes, mortality at this time point was identical between the 2 races and the mRS of 0 to
2 did not differ. Results for this cohort are shown in Table 3. No significant differences were
found in the combined database comparing white and black men treated with rtPA (Table 4).
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Discussion

Application of methods to accommodate baseline imbalances in the NINDS dataset showed
differences in response to rtPA after consideration of both race and sex simultaneously. After
rtPA, outcomes among white women were similar to those of white men after baseline factor
matching, although there was a trend toward lower response relative to placebo. There was a
nonsignificant trend toward less benefit from rtPA in black men compared with white men.
However, the most salient finding was a significantly lower proportion of black women
treated with rtPA had a good or excellent functional outcome at 90 days compared with
baseline-matched white women. This finding supports our hypothesis that poor response to
rtPA, rather than more severe baseline conditions, explains previous findings of worse
outcomes in black women.

Consistent with longer emergency department wait times in blacks,26 time to treatment
(TTT) was nonsignificantly higher in black women and may have had some influence on the
poorer outcome after rtPA in black women, but the difference was small. Uchino et al?” and
others have shown that, within usual time windows, NIHSS is a much greater predictor of
outcome than TTT. Estimates based on the analysis of Lees et al’s28 outcome versus the
TTT model suggest that a small difference in odds ratios would have been expected between
the 1.78 seen for white women at a TTT of 117 minutes compared with 1.72 for black
women ata TTT of 132 minutes.

Ninety-day follow-up of the rtPA-treated white and black women from the NINDS dataset
indicated a poorer functional outcome after rtPA in black women and a trend toward higher
mortality. These results were partly confirmed by expanding the dataset with more recently
acquired patients and looking at short-term results, demonstrating the same trend toward
poorer functional outcome, although higher mortality did not manifest for this shorter time.
This finding, plus Qureshi et al’s!2 report of higher long-term mortality (without baseline
matching, however), suggests that longer term factors may be more important than short-
term recovery to survival for black women after stroke. The consequences of a much higher
incidence of diabetes mellitus could be one such factor.

It is biologically plausible that there are race-based differences that bear on benefit and risk
of rtPA administration. In a study of 95 healthy black and 95 healthy European Americans, a
prothrombotic genotype of plasma inhibitor-1 was present in 55% of the blacks compared
with 16% of European Americans (PAI-1-668delG G/G; £<0.001).2° Plasminogen activator
inhibitor acts to inhibit rtPA’s enzymatic conversion of the inactive proenzyme plasminogen
to an active trypsin-like protease, plasmin, critical for fibrin clot lyses. The effectiveness of
rtPA is dependent on the amount of delivered drug that becomes enzymatically active. An
interaction between rtPA and its main plasma inhibitor PAI-1 could differentially influence
efficacy and safety of rtPA among blacks versus European Americans and in black women,
in particular.30 Pandolfi et al3! found increased PAI-1 in arterial walls of diabetics versus
controls, raising the possibility of an interaction among diabetes mellitus, race, and sex in
conferring relative resistance to benefits of rtPA among black women.
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It is unclear whether body mass index, weight, appropriateness of rtPA dose, type of stroke
or distribution of atherosclerosis (eg, extra versus intracranial), and interaction of these
factors play a role in poorer outcome of black women. Interestingly weight of black women
was lower than white women. We are unable to calculate body mass index of the patients
from NINDS database because of unavailability of height parameter. We explicitly matched
for type of stroke in the NINDS database but broad conclusions on the influence of stroke
subtype on outcome cannot be made because of small sample sizes. The interaction of race,
sex, stroke risk factors, metabolic indices, and biological/imaging markers requires further
study.

There are several alternative approaches to our matching methodology to balance baseline
factors that may influence outcome. Simple case control matching based on a few
characteristics can be accomplished manually. However, simultaneous manual matching on
multiple variables is more difficult, and the algorithm used here guarantees nearest neighbor
matching <12 variables in an efficient manner.2* Covariate adjustment of baseline factors is
a widely used alternative to matching to assess the contribution of confounders (eg,
imbalances).32 However, covariate adjustment of baseline factors also makes outcomes
assumptions that are not typically tested or met in stroke trials. Unsubstantiated assumptions
include that treatment effect is consistent across different levels of baseline variables, and
that there is considerable overlap in the distributions of baseline variables in treatment and
control arms of a study.33 Also, the relationship between functional outcome and NIHSS
does not follow a linear relationship across the entire range.16:34

Our study is limited by the fact that our findings are mainly based on the nearly 2 decade old
NINDS dataset. However, it is reassuring that the control arms from NINDS are still
consistent with current outcomes generated from a contemporary pooled sample using
pPREDICTS analysis. The same trend regarding poorer functional outcomes with fewer
black women achieving an mRS of 0 to 1 was found when pooled with the more recently
acquired data from 2008 to 2011. Because there may be many factors that contribute to the
poorer outcomes found here, including factors not measured,3® a prospective evaluation of
comparative outcomes in blacks versus whites with ischemic stroke that receive rtPA using
rigorous baseline assessments and carefully matched on key baseline factors is needed to
confirm these results and identify factors that could influence longer term outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figurel.
Good clinical outcome at 90 days for National Institute of Neurological Disorders and

Stroke (NINDS) race-by-sex subgroups relative to the pPREDICTS natural history model of
acute ischemic stroke. The pPREDICTS outcome model shows percentage of subjects
achieving modified Rankin Score (mRS) <2 based on baseline NIHSS and age. The NINDS
subgroup results are superimposed on the model at the corresponding baseline NIHSS and
age. Placebo outcomes were close to the predicted model for all subgroups (proximity of the
control results to the middle outcome surface). Significant improvement with recombinant
tissue-type plasminogen activator (rtPA) was seen for both white sexes (A; both rtPA
outcomes are above the £=0.05 interval). Black men showed improvement with rtPA that
was only slightly below the ~=0.05 interval. However, there was no improvement for black
women (arrow; B). Although the percentage that achieved an mRS of 0-2 was higher in the
rtPA-treated black women group, this increase can be accounted for by baseline imbalance
that favored better outcomes. NIHSS indicates National Institutes of Health Stroke Scale.
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Table 2
Post-Euclidean Matching for Black Women Treated With Placebo or Recombinant Tissue-Type Plasminogen
Activator
Black rtPA Post match  Black Placebo Post match P Value
Med NIHSS 16.0 16.0 0.876
Mean NIHSS 16.0+7.61 16.0+7.14 0.869
Age,y 65.1£11.9 66.2£13.9 0.254
Glucose 145+63.15 141+65.53 0.819
SV/LVICE, n 47116 417116
SVILVICE, % 15/26/59 15/26/59
MRS 0-1 0.333 0.333 0.683
MRS 0-2 0.333 0.333 0.683
Bl 95-100 0.370 0.296 0.221
GOS 0-1 0.333 0.333 0.683
Mortality 0.259 0.222 1.000
Sym Hem 0.000 0.037 1.000
Asym Hem 0.074 0.037 1.000

Postmatching sample of black women matched for NIHSS, age, glucose, and stroke subtype, comparing treatment response to rtPA compared with

placebo. SV/LV/CE indicates the number (n) and percentage (%) of subjects; postmatching is identical between the 2 groups.

CE indicates cardioembolic; LV, large vessel; mRS, modified Rankin Score; NIHSS, National Institutes of Health Stroke Scale; rtPA, recombinant
tissue-type plasminogen activator; and SV, small vessel.
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Table 3

Postmatch Results for Women, by Race for the Combined National Institute of Neurological Disorders and
Stroke, Tulane, and University of Alabama at Birmingham Cohort

WhitertPA  Black rtPA P Value

Median NIHSS 12.5 13.0 0.922
Mean NIHSS 12.8+7.04 12.9+7.07 0.902
Age, y 68.5£15.5 67.6x17.2 0.690
Glucose 138+62.45 138+62.37 0.951
Number 112 112

mRS 0-1 0.304 0.205 0.054
mRS 0-2 0.357 0.339 0.864
Mortality 0.071 0.071 0.803
Sym Hem 0.045 0.036 1.000

All treated with rtPA. Tulane and UAB patients were evaluated at discharge and NINDS patients were assessed 7 to 10 days after treatment.

mRS indicates modified Rankin Score; NIHSS, National Institutes of Health Stroke Scale; NINDS, National Institute of Neurological Disorders
and Stroke; rtPA, recombinant tissue-type plasminogen activator; and UAB, University of Alabama at Birmingham.
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Table 4

Postmatch Results for Men, by Race for the Combined National Institute of Neurological Disorders and
Stroke, Tulane, and University of Alabama at Birmingham Cohort

WhitertPA  Black rtPA P Value

Median NIHSS 11.0 10.5 0.967
Mean NIHSS 11.6+7.18 11.6+7.21 0.993
Age, y 62.7£13.4 62.6+13.9 0.946
Glucose 125+48.58 126+48.15 0.841
Number 136 136

mRS 0-1 0.331 0.287 0.417
mRS 0-2 0.434 0.404 0.658
Mortality 0.088 0.066 0.628
Sym Hem 0.015 0.059 0.114

All treated with rtPA. Tulane and UAB patients were evaluated at discharge, and NINDS patients were assessed 7 to 10 days after treatment.

mRS indicates modified Rankin Score; NIHSS, National Institutes of Health Stroke Scale; NINDS, National Institute of Neurological Disorders
and Stroke; rtPA, recombinant tissue-type plasminogen activator; and UAB, University of Alabama at Birmingham.
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