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Nonparametric statistics

provides valid tests of significance, regardless of the underlying distributions 
of the values and without the need to posit parametric assumptions



Why Is the Worst-Rank Score Method Used?

Missing data

• Missing at random (MCAR) : result of random processes by which some 

values are observed and others are missing

• Analysis of the observed data using virtually any statistical method will 

provide an unbiased test

• Called non-informative



informatively missing, in which case the missing data result from other 
outcomes that reflect a change in the patient’s status, either improvement 
or deterioration

in a study of congestive heart failure, missing data resulting from the death of a patient 
due to worsening heart failure would indicate that this patient had a worse outcome than 
any patient who survived.

Why Is the Worst-Rank Score Method Used?

Missing data



To compare the effect of doxycycline vs placebo on aneurysm growth among patients with
small infrarenal abdominal aortic aneurysms

The primary outcome was the maximum transverse diameter (MTD) of the aneurysm
relative to the initial baseline value after 2 years of treatment.

some patients might die or experience rupture of the aneurysm and would require 
endovascular repair



Worst-Rank Score Analysis





In a worst-rank analysis, if all that was known is that these 3 patients died, then 
these 3 deaths would be assigned the average worst rank of 11 (the mean of 
10, 11,and 12)



• if other information would allow the 3 deaths to be ranked by a measure of severity, 
then the analysis could also be conducted using exact worst ranks. 

• For example, the deaths might be ordered by their survival time, longer being better, 
so that the first death (in study time since randomization) would receive the rank of 
12; the second, 11; and the third, 10.
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Limitations of theWorst-Rank Score Analysis

The analysis does not provide an estimate of a parametric “effect size” that is a 
function of an estimate of the difference in the distribution parameters between the 
2 groups, such as a mean difference with 95% confidence limits



Wilcoxon test

Mann-Whitney formulation provides an estimate of
a useful parameter-free or distribution-free quantity that describes the 
difference between groups based on an
estimate of the probability that a random study participant from
groupA will have a higher value than a random study participant from
group B, designated as P(A>B)



How Should Worst-Rank Score Analysis Be Interpreted?

•An analysis with worst ranks tests whether there is a difference between groups in the 
distribution of either the measured values, or the distribution of the times at which 
informative events occur that result in missing data for themeasured primary outcome, or 
both.

•The worst-rank analysis has good power to detect group differences in situations in 
which the ranks of the observed values differ between groups or the worst ranks differ in 
the same direction, and neither of the two show a difference in the opposite direction



J. M. Lachin, Controlled Clinical Trials 20:408–422 (1999)



INTRODUCTION

Randomized Clinical Trials

• Two or more groups of subjects for a period of time after assigned treatments

•  Disease-related terminal events during the study that prevent their physical evaluation 

at the end of the study

•  Observations may be informatively missing



Outcome: exercise time after 12 weeks of treatment

80

P (N=40) V (N=40)

5 died 1 died
the exercise time measures of these 
patients are missing after the day of 
death

VesnarinonePlacebo

Congestive heart failure

INTRODUCTION



Missing at random vs Informatively missing

Missing at random

• The analysis of the observed (nonmissing) data is unbiased.

• The subset of measurements actually observed provides an unbiased descriptionof the drug treatment’s 

effect in the entire population.

• “Missingness” is noninformative, it does not imply that a patient’s health status is any better or worse 

than that of patients with complete observations.

Informatively missing 

• Some association between whether or not an observation is missing (or observed) and the status of the 

patient’s underlying disease

• An analysis based only on the subset of measurements actually observed may provide a biased 

description of the treatment effect

INTRODUCTION



exercise time that are missing after death 
from heart failure should
be considered missing-at-random or 
informatively missing?

• Mortality to heart disease is the ultimate 
indicationthat the patient’s health has 
deteriorated.

• The effect of the drug on the course of 
congestive heart failure can manifest itself 
either in an effect on survival, or in an effect 
on the survivors’ exercise tolerance, or both

Outcome: exercise time after 12 weeks of treatment

80

P (N=40) V (N=40)

5 died 1 died
the exercise time measures of these 
patients are missing after the day of 
death

VesnarinonePlacebo

Congestive heart failure



Worst-rank scores

• Univariate (marginal) rank analyses of posttreatment measurements in 

order to account for prior informative events

• In the analysis of the 12-week exercise time, patients who die

assigned an exercise time of zero (or less) and a rank analysis then applied

“tied worst-rank score analysis”

INTRODUCTION



Aim:
•Explore the statistical properties of worst-rank score analyses. 
•Present a statistical model showing that this approach is unbiased against a restricted 
alternative 

•Present a generalization that employs untied worst-rank scores ( for example, based on 
the day of death)
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TIED WORST-RANK SCORE ANALYSIS



•Two groups of subjects (i = 1,2) who will be assessed with a single posttreatment repeated 
measurement X after some fixed time T (e.g., a 12-week assessment of exercise time 
among patients with congestive heart failure)

•The trial aims to determine whether the experimental treatment group (i= 2) fares better 
than the control (i = 1)

•We denote the measurements for the j subject in the i group at time T as xij this 
posttreatment measurement may be missing for some subjects

•How to perform an unbiased analysis of the data when informatively missing because an 
absorbing, or terminal, event has occurred related to the progression of the disease?

TIED WORST-RANK SCORE ANALYSIS



Nonrandom or informatively missing

• The observation of a lower value of xij reflects a worsening of the underlying disease

• Each subject may experience an informative event (e.g., mortality) that reflects terminal progression of 

the disease 

•  Observation of the event precludes observation of X if the event occurs prior to T. 

•  Let tij refer to the event time for the ijth subject, where these event times are right-censored at T if the 

subject completes the study. Then, the measurement xij at time T is missing for those subjects for 

whom tij < T.

•  To account for these informatively missing observations, we must include in the analysis both the 

observed (nonmissing) values of X and the informative events. 



• In cases where lower values of X denote worse disease, all values of X will usually be no 

less than some constant j.

•Then, in a rank analysis, the worst rank score for a patient who has died is the rank score 

of the value j, or of some constant h , j if we wish to distinguish a prior event from a 

surviving subject with an observed value equal to j. In either case, all prior informative 

events (e.g., deaths) then share the same tied worst-rank score.

Nonrandom or informatively missing



• If a patient has previously died due to heart failure, we could assign a 
value of zero to the subsequent missing exercise time at 12 weeks

•To distinguish prior mortality from a surviving patient who cannot 
exercise at all, we could assign any negative constant desired

then perform a rank analysis rather than a parametric analysis.



Let Gi(x) refer to the cumulative probability distribution of the 
observable values of X for all event-free members of the ith group 
observed at time T; that is, Gi(x) = P(xij < x|t > T). Also, let Ki(t) refer to 
the cumulative distribution of informative event times in the ith group.



• In some cases, lower values of X are better and higher values worse
•This case would impute a high value for the outcome of interest (e.g. 
9999), which is greater than the highest observed value.

•The alternative hypothesis of interest in this case is



• To consider the actual times of the informative event, for example, the time of death in a 
study of congestive heart failure.

• In the previous model, all informatively missing observations shared the same tied rank 
value. Here these tied ranks are broken on the basis of actual event times.

UNTIED WORST-RANK SCORE ANALYSIS
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Outcome: exercise tolerance
(total exercise time) and other measures to 
occur after 4, 8, and 12 weeks of treatment

80

P (N=40) V (N=40)

5 died
2 missing

1 died

VesnarinonePlacebo

Congestive heart failure

the effects of vesnarinone (v) versus placebo (p) on the disease status of patients with congestive heart failure





•Multivariate Mann-Whitney Wilcoxon analysis
•The difference between vesnarinone and placebo 
for all weeks

•Combined was assessed by the 1 degree of 
freedom (df) test of association

•This overall summary test is based on an efficient 
combination of theMann-Whitney differences at 
weeks 4, 8, and 12, with covariances of the rank 
statistics estimated by the method of  Wei and 
Lachin



•Table 2.A This analysis shows a trend toward higher 
exercise times among event-free vesnarinone-
treated patients, as indicated by the positive Mann-
Whitney differences at each week and combined

•Table 2.B worst-rank score imputation. 
Observations informatively missing at each week 
received a worst-rank score in theseanalyses using 
-9999. larger differences between groups

•Table 2.C untied worst-rank scores,  the magnitude 
of the group differences is slightly less.



DISCUSSION

• If the analysis aims to assess the effect of treatment on the overall progression of the disease, manifest 
either by death or by decline in exercise times, then we should seek an analysis that incorporates the 
information from both outcomes, such as the worst-rank score analysis.

• A worst-rank score analysis reflects the fact that one is studying a spectrum of disease progression that 
culminates in a terminal event (e.g., death) that precludes future observation.

• Unbiasedness : a test of the joint bivariate null hypothesis H0 against the joint alternative H1, which 
specifies that group 2 fares “better” for either the observed measures or the incidence of the event, or 
both, and does not fare worse for either

• This test, however, is not designed to assess whether the groups differ in any direction for either or 
both of these variables. For such alternatives where one group is better for one variable but worse for 
the other, a test using worst-rank scores will be inefficient 

• This paper have considered a one-directional test, however, conduct a two directional or two-sided test 
simply by referring the resulting rank test Z value to the usual two-sided critical value, or by simply 
computing a two-sided p value.

DISCUSSION



DISCUSSION

• The central issue in the conduct of a worst-rank analysis is the validity of the underlying 
assumptions regarding the nature of the process of the disease under the alternative 
hypothesis

• This analysis may be inefficient if we perform the worst score imputation for a reason 
thought to represent an informative event, when in fact it is a random event so that 
observations are missing at random. In this case, however, the test retains the desired type I 
error probability under H0

• We must consider carefully what we know about the biological relationships between the 
reasons for missing data and the outcome measure.

DISCUSSION



Moye´, et al. employed a similar rank score approach. They employed 
a U statistic that compared treatments with respect to the death 
times and the values of the observed posttreatment ejection fraction 
jointly

Another approach to the problem of informatively missing
observations is to consider the within-patient rate of change in the 
outcome measure over time, as in a two-stage random effects model.

requires the investigator to assign an arbitrary score to instances where 
a patient in one group dies before a patient in the other, and another 
arbitrary score when both survive but one has a worse observed value 
than the other.

only subjects with at least one, and in some cases two, posttreatment measures
may be included in the analysis. Subjects who are informatively censored
before investigators obtain any posttreatment measure are ignored and treated
essentially as missing-at-random.

DISCUSSION



How Should Worst-Rank Score Analysis Be Interpreted?

•An analysis with worst ranks tests whether there is a difference between groups in the 
distribution of either the measured values, or the distribution of the times at which 
informative events occur that result in missing data for themeasured primary outcome, or 
both.

•The worst-rank analysis has good power to detect group differences in situations in 
which the ranks of the observed values differ between groups or the worst ranks differ in 
the same direction, and neither of the two show a difference in the opposite direction



Thank you


