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In case of heavy and even moderate censoring, a common problem with the Greenwood and Peto variance estimators of the Kaplan–Meier survival function is that they can underestimate the true variance in the left and right tails of the survival distribution. Here, we introduce a variance estimator for the Kaplan–Meier survival function by assigning weight greater than zero to the censored observation. On the basis of this weight, a modification of the Kaplan–Meier survival function and its variance is proposed. An advantage of this approach is that it gives non-parametric estimates at each point whether the event occurred or not. The performance of the variance of this new method is compared with the Greenwood, Peto, regular, and adjusted hybrid variance estimators. Several combinations of these methods with the new method are examined and compared on three datasets, such as leukemia clinical trial data, thalassaemia data as well as cancer data. Thalassaemia is an inherited blood disease, very common in Pakistan, where our data are derived from.

Keywords: Kaplan-Meier, survival analysis, adjusted hybrid variance estimators, leukemia, thalassaemia, cancer, oncology


INTRODUCTION

The main focus in survival analysis is usually based on the observed time until some event occurs. The event of interest may for instance be death or disease in medical science or component breakage in the area of engineering. In survival analysis, three approaches are used for fitting the models (1) Parametric approach, (2) Non-parametric approach, and (3) Semi-parametric approach. Each approach is based on different techniques. In this paper, we describe the work on the familiar non-parametric approach, i.e., the Kaplan–Meier. In case of no covariate, the Kaplan–Meier survival function may be constructed to estimate the true survival curve.

The Kaplan–Meier is based on the different assumptions and if the population from which the data for a Kaplan–Meier estimation are sampled violate one or more of the Kaplan–Meier assumptions, the results of the analysis may be incorrect or misleading (1). Apart from this, there are some other cases which may also affect the results. For example, in case of small censoring the Kaplan–Meier yields good results but heavy censoring and small sample size may affect the reliability of the Kaplan–Meier estimates. In their paper, Kaplan and Meier (2) adopted the Greenwood's variance estimator. In case of small sample size, the Greenwood's estimator underestimates the true variance. Instead of the Greenwood's formula (3), one may use the Peto et al. (4) variance estimator for the Kaplan–Meier survival function. But it also underestimates the true variance in case of small sample size and heavy censoring.

To overcome these difficulties, one may use a simple regular and adjusted hybrid variance estimator (5) for the Kaplan–Meier survival function. It gives the variance at the censoring time as well as the shrunken estimates of survival function greater than zero and variance even if the last observation is event, i.e., the curve of shrunken never touches the 0 and 1 probability. Just like the Kaplan–Meier, it has its own boundaries. But the problem of this method is that it always gives the variance larger than the Greenwood's and Peto's variance, even if we have no censoring time and it is only useful for a very small sample size.

With these concerns, we present a variance estimator for the Kaplan–Meier. The beginning of any study is very important and if there is heavy censoring at this stage before any event occurred, neither the estimates nor the variance can be found at this point. This means that if we apply the Kaplan–Meier survival function or the shrunken Survival function at these stages, they give constant values, e.g., KM gives 1 until the first event and similarly Shrunken KM also yield some constant value depending upon the n. At the first event, these values suddenly change which shows that these ignored censored observations carry some weight. This affects the estimates as well as the standard error (SE) too. In addition, when plotting the curves it is unclear, whether the Kaplan–Meier survival function or shrunken Kaplan–Meier function was applied, because both methods are unable to give estimates at the censoring time.

In the calculation of Kaplan–Meier, we considered the number of events and the number of persons at risk. The number of persons at risk also includes the censored observations, but gives no importance to it. This is incorrect because if a censoring occurred in stage one it would not be counted in the next stage and that would affect the number of persons at risk and ultimately also the estimates as well as the variance too. The number of persons at risk at each stage has its own importance.

Keeping these facts in mind here, we introduce a weight, which we assign to those numbers of persons at risk at time (ti) which include the censored observations. On the basis of this weight, we propose a modified cumulative hazard function, the plot of which gives more detailed information in case of heavy censoring in the initial stage as well as later stages.



METHODS


The Modified Kaplan–Meier Estimator of the True Survival Curve

Let the survival times T1, T2,…, Tn be independently identically distributed and let C1, C2, …, Cn be independently identically distributed censoring times. The observed random variables Yi = min {Ti, Ci} and σi = I {Ii ≤ Ci}, is the indicator function, denotes whether the survival time is censored or uncensored.

Then the Kaplan–Meier product limit estimator is defined by

[image: image]

Where ri denotes the number of persons at risk at time Ti and di denotes the number of events.

In order to develop a procedure here, we considered the total number of observations, number of persons at risk, and serial number, which play the important role in the calculation of probabilities.

The n denotes the number of subjects in the sample and ri denotes the number of persons at risk at time ti. K is the serial number in reverse order of those times at which censoring occurred; e.g., if the first observation is censored then it has the highest serial number and if the second observation is censored it has the second highest number and so on. Then the weight is defined by

[image: image]

Where Ici is an indicator function and

Ici = 1 if the observation is censored

= 0 otherwise.

The Kaplan–Meier estimator of the survivor function for any value of t in the interval from t(i) to t(i+1) can be written as

[image: image]

Where

[image: image]

We assign the weight to it and say

[image: image]

Therefore,

[image: image]

So

[image: image]

With the variance, the proof of which is given in the appendix.
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The SE is

[image: image]



Effect of [image: image] on the Weighted Variance

In order to select the best method under different circumstances, i.e., to select the appropriate method, which is suitable in all circumstances, whether there are no censoring, moderate, or heavy censoring, we took the different combinations of [image: image], Greenwood's and Peto's variances with the new method. The combinations are given below:

We replace [image: image] by the [image: image] and [image: image], so the variances and SEs are

[image: image]
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In Greenwood's and Peto's formula, we replace [image: image], to check the effect of each and every combination.

[image: image]

[image: image]



Case of Events Only or No Censoring Times

Here, we studied the behavior of these methods, if the dataset was free from censoring, then what will these methods behave, we studied here.

If the dataset comprises all the events, then all [image: image] for i = 1,2,..,n

And thus

[image: image]

Moreover, in case of events only included in a dataset, [image: image] is just the complement of the empirical distribution function (6), given by

[image: image]

So our function is also equal to the empirical survival function. And the variance is

[image: image]

Since

Wi = 1 and Ici = 0, in case of all events so

[image: image]

Which is reduced to the Greenwood's formula, but in case of events only, i.e., if there are no censored survival times, then ri − di = ri+1 (7), and so

[image: image]

Hence, the variance is reduced to the binomial variance, i.e.,

[image: image]

This means that the results will be same whether the Weighted, Greenwood, or Binomial formulas are used.



Relationship Among Variances in Case of No Censoring Times

As we know that in case of no censoring, our method and Greenwood's method are just reduced to binomial variance, we are now going to establish the relation among the binomial variance ([image: image]) and the variances of Peto and shrunken function. As

[image: image]

Since

[image: image], so [image: image]

With the help of this formula, the variance of Peto can be calculated.

In case of no censoring, the adjusted hybrid variance formula is

[image: image]

Where

[image: image]

By simplifying the variance, we get

[image: image]

[image: image]

Which implies that

[image: image]

whether there are no, moderate, or heavy censoring.

So from eqs (1) and (2), we conclude that in case of no censoring time

[image: image]

(check it) something wrong peto is greater than greenwood.

This will be verified with the help of examples.



Notations

Since we use different combinations for the variances, we denote these in the following way:

SkM for the Kaplan–Meier survival function

SKM* for the shrunken Kaplan–Meier survival function

Sw for weighted Kaplan–Meier survival function

SEG for the greenwood SE

SEP for the Peto's SE

SEH for regular SE

SEH* for adjusted hybrid SE

SEW for weighted SE

SEKMW for SE of weighted method by taking the Kaplan–Meier survival probabilities.

SEKM*W for SE of weighted method by taking the shrunken Kaplan–Meier survival probabilities.

SEWG Greenwood's SE by taking the weighted survival probabilities.

SEWP Peto's SE by taking the weighted survival probabilities.

SEWH Adjusted hybrid SE by taking the weighted survival probabilities.

ri denotes the number of persons at risk at time Ti and di denotes the number of events.

Ici is an indicator function.




SIMULATION STUDY


Method of Simulations

For the simulation, we used the Borkowf method. A simulation study is designed to compare the average of the ten SEs with the simulated SD at three quartiles. We generated the survival times {ti} from the Weibull's and Gamma distribution with shape parameters <1 (we took 0.5), = 1, and > 1 (we took 1.5), the hazard function decreases, constant, and increases over time, respectively. Uniform distribution is selected for the censoring time {Ci} with density f (t/b) = 1/b for 0 ≤ t ≤ b and 0 otherwise. Where different values of b's are taken for different censoring percentages.

For each underlying distribution, i.e., Weibull and Gamma, we generated 500 datasets of survival times as well as the censoring times from uniform distribution with sample sizes 10, 15, 20, 25, 30, 35, 40, 45, 50, and 100. Then from the survival times and censoring times, we obtained the observed survival times {yi} and event indicator variables {σi} (see Table 1).


Table 1. Simulated SDs and mean standard errors (SEs) for ten variance estimators at three quartiles, with data generated from the Weibull and Gamma distribution with different shape parameters and with uniform censoring (based on b), based on 500 simulated trials.

[image: Table 1]



Results of Simulation

We used the survival times {yi} and indicator variables {σi} and computed the Kaplan–Meier survival function, the Greenwood, Peto, regular, adjusted hybrid, weighted variance, and different combinations of weighted Kaplan–Meier functions. Also the simulated SD is calculated by the Borkowf method. The average of all ten SEs are compared with the values of simulated SD at three quartiles namely Q1, Q2, Q3. With different censoring percentages, average of the Greenwood's, Peto's, regular, and hybrid variances are smaller substantially in the first quartile, while the average weighted SEs are approximately equal to the stimulated SDs (target values). The combination of the Kaplan–Meier survival probability with variance of weighted Kaplan–Meier did not give as close results as obtained by the weighted Kaplan–Meier. Similar, results obtained from the combination of shrunken survival probabilities with the weighted variance factor. The efficiency of the Greenwood SE for a very small sample sizes is achieved by taking the weighted probabilities in the formula. Similarly, by taking the weighted probability, we got the better results of the Peto too. Improvement also occurred in the adjusted hybrid method by taking the weighted survival probabilities.

Also in the second and third quartiles, the results of the weighted method matches closer to the target values as compared to the Greenwood, Peto, regular, and hybrid methods, while in some cases, these four methods substantially over estimate the true values of these target values.

The combination of the weighted survival probabilities and variance factors gave the better results. Also for comparatively large sample sizes 45, 50, and 100, weighted variance gave the much better result. So it is and in some situations (moderate and heavy censoring), its combination with the hybrid and Peto's are the best methods.




ANALYSIS OF DATASETS

We used different datasets from real life, in order to make it more practical and easy. The details of the datasets are described below:


Application on Thalassaemia Data

The data of 70 patients were collected from the Fatimid Foundation, Peshawar (Pakistan). Fatimid foundation, a non-profit charity organization, is the pioneer in voluntary blood transfusion services in Pakistan. Thalassaemia is an inherited disorder with an abnormality in one or more of the globin genes. The time is taken in months of the treatment.

Out of 70 patients, 56 were censored and 14 events occurred. This means there is heavy censoring in the data, which is also due to the fact that the treatment of the disease is a life-long. For this reason, most people stop the treatment. The data are given below indicating months of treatment.

3+, 3+, 5+, 5+, 15+, 15+, 16+, 27, 30+, 30+, 46+, 50+, 50+, 50+, 53+, 56+, 56+, 56+, 58+, 60+, 60+, 61+, 64, 64, 70+, 70+, 72+, 72+, 72+, 77+, 79+, 80+, 80+, 80+, 94+, 94+, 94+, 96+, 96+, 102, 102, 108+, 108+, 108+, 111, 111, 113+, 114+, 114+, 117+, 117+, 117+, 122, 122, 126+, 127+, 129, 138+, 138+, 142+, 145+, 155+, 156, 161+, 164+, 165, 165, 173, 173+, 175.

Where a plus sign denotes a censored observation. The results of the analysis are given in (Table 2).


Table 2. Estimated survival functions and SEs using the five variance estimation methods and their combinations.

[image: Table 2]

The first column gives the serial number which we used in the computation of the weighted formula, the second column is the time in months, and the third column is the number of persons at risk at different times. The following two columns denote the events and censoring at each time. mx denotes the cumulative sum of censoring; the next column is the subtraction of cumulative censoring from the total number of patients. The following three columns denote the Kaplan–Meier survival probabilities, survival probabilities based on weighted Kaplan–Meier, and survival probabilities based on shrunken Kaplan–Meier. After these three columns, the following ten columns show the ten different combinations of SEs.

If we look at the comparison of the new method with the others, then we see that our method gives the estimates as well as the SE at each point whether the event occurred or not. Its range is the same as that of Kaplan–Meier survival function, i.e., 0 and 1. Thus, unlike the shrunken survival function it starts from 1 for t ≤ t(1). If we compare it with the others, we see that from the start its SE is greater than the SE of adjusted hybrid SE, which is also due to the fact that it includes the probabilities of all points which affect it. On the other hand, the patterns of regular and adjusted hybrid SEs are the same as described by Borkowf (5), since the Greenwood's and Peto's variance estimators can substantially under estimate the true variance in the left and right tails of the survival distribution, in case of moderate or heavy censoring. In the extreme lower part, the SEs of regular and adjusted hybrid just like the weighted SEs are smaller than the Greenwood's and Peto's SEs, so they also underestimate the variance on the right tail. Therefore, we need to find such a method which yields the better results compared to these methods. Thus we take the [image: image] probabilities instead of [image: image]showing immediate effects on the results and giving much better results on both tails than the other methods discussed above.

For more substantial conclusions, we use [image: image] instead of [image: image] in our formula, which also gives the same pattern as by taking [image: image] instead of[image: image]. This enables another choice of using it.

In order to determine the effects of SW on the variances of Greenwood's, Peto's and regular variance, we replace SKM by Sw. Replacing it in the Greenwood's formula does not give a satisfactory result, as it actually underestimates the values at each point. This is due to the fact that [image: image]. The case of Peto's variance is different from Greenwood's, yielding better results in the start but being smaller in the end than the Peto's based on SKM. It is the same case is repeated with the regular variance when using SW in the formula, i.e., it is smaller in the end. If we take the [image: image] and [image: image], we get the best result.



Case of Events Only in Leukemia Dataset

To further elaborate more these methods, the second group of the same leukemia data is considered, which consists of events only. The leukemia data are taken from Freireich et al. (8). The dataset is given below:

1, 1, 2, 2, 3, 4, 4, 5, 5, 8, 8, 8, 8, 11, 11, 12, 12, 15, 17, 22, 23 The analysis is shown in (Table 3).


Table 3. Estimated survival functions and SEs using the ten different methods from leukemia data.

[image: Table 3]

In case of events only, SKM = SW, while the shrunken Kaplan–Meier survival function ([image: image]) is different from these. Similarly, SEG= SEH = SEW = SEKMW = SEWG = SEWH and variance reduced to binomial variance. Also SEP = SEWP, because in case of no censoring time, SKM = SW, while SEH* and SEKM*W differ. SEH* is greater in all situations from SEG and SEP. While the comparison of SEH* and SEKM*W gives a mixed picture, in the start, the former is larger but in the later stages SEKM*W is larger. While in case of events only, binomial variance is considered to be the best choice, so it overestimates the variance and Peto's method under estimate.



Case of Censored Data Only

In order to check the performance of these methods in case of censored data only, we interchange the role of censoring and occurrence of events in the above example to get the Table 4.


Table 4. Estimated survival functions and SEs of the leukemia data containing only censoring time.

[image: Table 4]

As traditionally, the probabilities of Kaplan–Meier and shrunken are struck to one and 0.976, since n = 21, i.e., these are the probabilities at time t ≤ t(1). While the new method gives the estimate at each point affecting the SE too. SEW gives a smaller value at the start but then increases toward the end. The same is the case with the combination of this formula with the SKM and SKM*. SE of regular hybrid variance using the SW gives much bigger values than the all others, while SEG gives a value of zero for each case.



Cancer Dataset From 1,207 Patients With 94% Censoring

Here, we consider a bigger dataset containing 1,207 patients with very heavy censoring (94%) obtained from the SPSS (9) data. Some of the information regarding the analysis of this data are given in (Table 5).


Table 5. Selected estimated survival functions and SEs of the cancer data.

[image: Table 5]

In case of a large sample size results change to some extent, our method yields better results than the adjusted hybrid method. The regular method gives a much larger variance than the Peto's, Greenwood's, adjusted, and weighted variance, though decreasing in the end stages, i.e., it underestimates the variance at the end stages. The combination of the Kaplan–Meier and shrunken survival probabilities with the weighted SE gives the better results right from start to end. Also, the combination of weighted survival probabilities with the Peto's variance yields better results than the peto's variance based on the Kaplan–Meier survival probabilities. The same is the case with the weighted probabilities in the hybrid variance giving larger values than the hybrid variance based on both Kaplan–Meier and shrunken probabilities.

The performance of [image: image], [image: image], and [image: image] in terms of graphical representation.

To obtain the more detailed results, we assume that the data follow some distribution and draw the graph for the thalassaemia data. Suppose, the data follow an exponential distribution and we draw the graph of the hazard function against time to observe the performance of the various methods.

By definition

[image: image]

Here, we assume that the data follow an exponential distribution and plot the three functions, i.e., [image: image], [image: image], and[image: image] against time. Looking at the graph, we see that Figures 1A,B are smooth in the start, as the starting value of Kaplan–Meier survival function is 1 and that of hazard function is zero. In contrast, the starting value of shrunken function is not 1, so its starting point (in case if the initial value is censored) can never be zero. Nevertheless, it remains constant in the start, as it does not give any significance to the censored observations, only changing when an event occurred. Looking at the third figure, though, which is unlike the first two, more detailed information is given not only in the start, but also at each stage as it changes with the event as well as with the censoring.


[image: Figure 1]
FIGURE 1. This figure shows the (A) the hazard function based on Kaplan–Meier survival function, (B) the hazard function based on the shrunken Kaplan–Meier survival function, and (C) the hazard function based on the weighted Kaplan–Meier survival function against time.





DISCUSSION

The Kaplan–Meier product limit estimator has become an important tool in the analysis of censored survival data. It is easy to compute and understand. For the variance of the Kaplan–Meier, Greenwood's and Peto's estimators are used, in case of low censoring, these methods give good results although, in case of moderate or heavy censoring, though they underestimate the true variance in the tails. To overcome these deficiencies, Borkowf proposed the regular and adjusted hybrid variance estimators for the Kaplan–Meier survival function. These methods also give the variances in those times where no event occurred. But for a small sample, in most of the cases, they give the larger variance and also adjusted hybrid method gives a variance greater than the binomial variance in case of no censoring. Moreover, in cases of relatively large sample sizes, it gives the smaller variance than the standard Greenwood's and Peto's variance on the right tail.

To overcome these difficulties, a weighted Kaplan–Meier survival function and its variance are proposed, which unlike the Kaplan–Meier and shrunken Kaplan–Meier functions gives the estimate of each point as well as the variance. It possesses all the characteristics of Kaplan–Meier and in case of no censoring, it is equal to Kaplan–Meier and has a binomial variance.

In case of very heavy censoring or complete censoring, the new method performs better than the others. In the latter case, adjusted hybrid variance is unable to provide the variance of the last censored observation, while the new method is able to provide it, along with the survival probabilities at each point.

In case small sample size with moderate censoring, the performance of the weighted variance is the same as that of the regular and adjusted hybrid variances, while in case of large sample size and heavy censoring it performs better than the others.

If the initial times are censored then the weighted method describes the pattern of the curve in more detail compared to the curves based on the Kaplan–Meier survival function and shrunken Kaplan–Meier function, respectively.

If the dataset does not contain any censoring time then the weighted Kaplan–Meier and weighted variance reduced to the complement of empirical distribution and the variance becomes simply the binomial variance, as in the traditional method. Nonetheless, the variance of adjusted hybrid variance remains larger than the others.

The performance of Peto is also improved by using the weighted Kaplan–Meier survival function, while considering it in the Greenwood formula does not improve the results. In contrast, taking the Kaplan–Meier survival function and shrunken Kaplan–Meier function and combining them with the weighted variance, they perform much better in all situations. This combination behaves according to the situation, whether there is no censoring, moderate censoring, or heavy censoring. Moreover, it is suitable for all sample sizes.

In summary, the weighted Kaplan–Meier estimator gives more detailed information about the pattern of the data in case of low, moderate, and heavy censoring and also if the initial observations are censored. In case of small samples, the weighted, regular, and adjusted hybrid variances can be used depending on the circumstances and the pattern of censoring. In any situation whether there is no, low, moderate, or heavy censoring, the adjusted hybrid method gives a larger variance than the Greenwood's and Peto's for a very small sample. This is most marked on the left tail in case of censoring. When there is no censoring, though, the variance is always greater than the binomial variance. In contrast to this, the weighted method behaves accordingly to the situation.
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Simulated SDs.
Q Q; Qs

0.0840.2010.170
00570214 0.198
0.0850.182 0,087
0.010.1100.041
0.1000.0710.021
0.0890.1720.084
0.0850.157 0,042
0097 0,056 0,012
009400160010
0.0800.198 0,249
0.0630.0110.008
00170.1680.204
0.0600.0100.008
0076 0,024 0,007
0.0630.217 0,020
0.0260.1890.178
001701480276
0.0880.004 0,003
0.049 0,004 0,003

007202210213
00760222 0.197
005302180169
0.07002120.107
00780.1950.102
0.0950.1510.100
0.1010.1050.013
008502120200
0.0430.2260.149
0.0870.1720.059
0.0930.1450.010
0.0430.2280.008
0.1040.104 0,011
0.0950.1000.010
0.0580.1990.035
0.0240.1820.145
0.0560.196 0,034
0.0160.185 0.137
0.0190.2290.088
0.0350.233 0,058
008300100010
0.0230.227 0,003
0087 0.233 0,047
0.0800.006 0.010
0.0980.0750.010
00000.0180.167
0.0000.0430.337
0.0090.180 0.057
002002200010

0.0970.1600.109
0.0960.1590.103
0.0920.1000.022
0.0680.2100.078
0086 0.207 0.081
0.0920.1790.108
0.0800.2030.149
0097 0.159.0.108
0.0830.186.0.106
0.1010.187 0,027
007000260014
00590219 0,009
0.0930.145 0,068
0.06302190.068
00550217 0.062
0.0520.195 0,067
007400110010
0.0220.1620.268

0.0070.169.0.107
0.1000.1610.100
0.0730.2000.100
0.0890.1690.104
0.1040.1090.100
0.790.194 0,085
0.0250.184 0.280
0.097 0,153 0.037
005202220.119
0.0840.214 0,087
00870227 0.114
0.0560.218 0,066
0.0000.0780.355
00000079 0.354
000000290091
0.1040.1760.121
040104120101
0.0890.1890.122
0.0000.177 0,060
0.0620.1930.160
0.0910.1580.040
0.0680.1910.107
009900420013
00890.1450.019
005300120010
000501410022
001400100012
005200120010
008700190011
001000120010
0.0060.1820011
003500100010
0.0990.1100.010

Greenwood SEs
Q0,03

0,036 0.134 0160
0.0140.1000.132
0,087 0.1830.133
0.0720.1450.126
0.0770.1290.106
0.0360.1220.112
0.0330.116.0.000
0.0750.1040.085
0.075 0,007 0.079
0.003 0,046 0.085
0.080 0,087 0.072
0.0010.0300.078
0.0770.0820.068
0.0720,0790.065
001800750072
0.0080,0380.076
0.0010.0200.072
0.057 0,056 0.045
0.057 0,056 0.045

0.0220.1030.143
0.0260.107 0145
001200750120
0.0200.1030.421
0.0250.1140.120
0.0440.1280.118
0.0580.136 0117
0.005 0,061 0.102
0,007 0,0690.103
0.0290.1090.101
0.0350.1120.000
0.005 0,060 0.094
0.0480.107 0091
0.0770.1040.091
0.0110.0850.084
0.0020.027 0074
0.0090.076 0074
0.001 0,025 0.069
0.002 0,046 0.069
0.004 0,056 0.068
0.085 0,077 0.068
0.0010,0410.085
0.004 0,055 0.065
0.0180.0780.063
0.0280.076 0.063
0.0000.001 0.008
0.0000.0030.023
0.0010.017 0,046
0.0030,0480.045

0.0630.167 0.170
0,057 0.1490.139
0.0890.1340.112
0.0180.007 0,095
0,015 0,005 0.087
0.0470.1510.163
0.0310.1330.163
0.0600.1600.161
0.0320.1290.131
0.0520.1260.100
0.0090.1220.102
0.0130,0880.103
0.0390.1190.008
0.015 0,081 0.087
0,010,081 0081
0.0100,0800.075
0.076 0,084 0.069
0.0020.0280.072

0.0520.1490.151
0.0580.1620.151
0.0220.1060.122
0.0370.1260.119
0.0590.137 0.118
0.0240.1050.103
0.0020.041 0097
0.0410.1160101
0.009 0,068 0.097
0.0140,086.0.094
0,004 0.0590.080
001100760078
0.000.0080.053
0.000 0,006 0.052
0.0000.001 0.004
0.0500.167 0167
0.0710.1490.432
0.0380.1820.487
0,037 0.1260.120
0.0170.1000.125
0.0390.1220.104
0.0180.1030.111
00750.1110.088
00320.1150.094
0.0880.0950.079
00360.1090.086
0.0760.084 0,072
008400890074
00790.0850.076
0.0680.077 0.067
008500960075
007700790.065
0,037 0.0930071

Peto SEs.
Q10,05

0027 0.1160.149
00110.0870.128
00290.1230.130
00580137 0.123
0077 0.1290.108
00290.1190.112
0027 0,117 0.101
0.0690.107 0,088
00710.101 0.080
0.0020,0450.091
0.0800.0000.073
0.0010.0200.085
0078 0,085 0.069
0073 0,084 0.068
00110.0830.077
0.0020.0380.085
0001 0,0200.081
0,065 0.0600.046
0,065 0,060 0.047

0017 0.0020.134
00200.0060.136
00090.0710.118
0016 0,007 0.417
00210.1090.417
00360.1230.114
00480.1300.113
0,004 0,0580.101
0,006 0.069.0.103
00250.1100.100
00300.1120.007
0.0050,0720.008
0.0430.1000.090
00720.1030.089
00100.0900.085
0.0020.0280.079
0009 0,084 0.072
0.0010.0280.074
0001 0.0520.073
0,004 0,064 0.070
0.0680.0780.068
0001 0,047 0.069
0,003 0.0630.067
00180.0850.064
0028 0.0830.063
0.0000.001 0.007
0.0000.0020.029
0.0000.021 0051
0.0020.0610.047

0047 0,144 0158
0044 0.1360.135
00750.131 0.111
0015 0.0080.100
0013 0.0080.094
0036 0.1320.163
00230.1150.151
0046 0.1400.151
00250.1200.128
0044 0.1240.108
00880.1200.100
00110.0880.107
00330.1200.100
00120.0840.002
0,009 0,087 0.088
0,009 0,087 0.080
0077 0.0880.070
0001 0,027 0.081

00400134 0.142
0045 0,137 0.142
00180.1000.119
00290.1210.116
00490.1310.115
00190.1040.102
0.0020.039.0.098
00350.1150.100
0,008 0.0680.100
00120.0890.095
0,004 0.0630.084
0009 0,082 0.081
0,000 0,007 0.060
0,000 0,006 0.059
0.0000.0010.004
0037 0.1350.15
0057 0.1390.128
00300.1200.134
00300.1210.120
00130.0930.125
00320.1210.108
00150.1000.114
0.0680.1140,089
0.0280.1180.097
0.085 0,098 0.080
0.0820.1130.000
0074 0,084 0,071
008200020075
0.0760.100 0,077
0.069 0,077 0.067
008201040078
0780082 0.067
0.0340.1020.074

Reg. Hybrid SEs
Q10,0

0.0340.1300.160
00120,0000.132
00320.1280.132
00650.1420.126
0.0650.127 0.105
00300.117 0,112
00260.1110.099
0.0840.104 0.085
0064 0,088 0.079
0.0020.039 0.085
0.0710.0880.072
0.0010.0230.078
0.0890.0830.068
0.0630.081 0.065
0.0090.068 0,072
0.0020.0300.076
00010016 0.072
0.0500,057 0.045
0050 0,057 0.045

00200.1000.143
00240.1050.145
00100,0720.120
001700090121
00220.1110.120
00390.1260.118
00530.1350.117
0.004 0,055 0.102
0.006 0,066 0.103
0.0240.1080.101
00290.1110.009
0.004 0,066 0.094
0.0400.107 0.091
0.0890.105 0.091
0.0090.083 0.084
0.0010,0230.074
0.007 0,075 0.071
0.0010.0220.069
0.0010.042 0.069
0.0020.053 0.068
0.0590.078 0.066
0.0010.087 0.065
0.0020.0510.064
00130.0790.063
0.0210.0780.063
0.0000.000 0.006
0.0000.001 0.023
0.0000.014 0.046
0.0010.044 0,045

0.0800.1630.170
0.0500.1430.139
00790.1820.112
0.0140.0880.095
0.0110.086 0.087
0.0440.147 0.163
00290.1290.163
0.0560.156 0.161

0.0280.124 0130
0.0450.1230.109
00920.1230.102
00100.0820.103
0.0310.114 0,008
00110073 0.087
0.007 0,074 0.081

0,007 0.00720075.
0,086 0,085 0.069
00010021 0,072

0.0480.147 0.151
0.0550.149 0.151
00190.1020.122
00320.1230.419
00530.1850.118
00190.1020.103
0.0020.087 0,097
00350.1130.101
0.007 0,062 0.097
00110,0820.094
0.0030.054 0.080
0.0070.0720.078
0.0000.005 0.053
0.0000.004 0.052
0.0000.001 0.004
0.0470.1520.167
0064 0,146 0.132
0034 0.126 0.137
00320.1200.120
001400020125
0.0310.1160.104
00150005 0.111
00630.1100.088
00260.1100.004
0.0800.006 0.079
0.0200.103 0,087
007400850072
00750.0010.074
0.0670.096 0,076
0.0670.078 0.067
00260.0930075
00700.0810.066
0027 0,001 0.071

Adj. Hybrid SEs
Q0,03

00450.1880.162
00180.0840.135
0.0850.1800.135
00750.1590.145
0.0630.1280.109
00310.1190.115
00290.1120.101
0085 0.105 0.087
0.0640.008 0,080
0.0080.039 0,000
00720.0880.074
0.0020.025 0.083
0.0690.083 0.069
0.0620.081 0,066
0.0090.067 0,075
0.0020.030 0,080
00010016 0,077
0.0500.057 0,046
0.0500.057 0,046

0.0210.105 0,147
0.0270.1090.148
00100074 0.124
00170.0090.124
00240.1120.123
00870.127 0.121
00550.1350.119
0.0050.057 0.105
0.0070.0680.106
00230.1080.104
00800.1120.102
0.0040.067 0,005
0.0880.107 0.089
0.0650.105 0.088
0.0090.084 0,085
0.0020.0230.078
0.0070.075 0,073
000100220073
0001 0.0420.073
0.0030.058 0,070
0.0590.0780.065
0001 0,087 0,068
0.0020.052 0.067
00130079 0,064
00200078 0,064
0.0000.0000.005
0.0000.0010.025
0.0000.014 0,049
0.001 0,044 0,047

00770.1720.169
00590.147 0141
00830.1330.113
0.0140.0880.009
00130.087 0,002
00560.1520.162
0.0890.137 0.163
0.0860.1610.160
00830.127 0.133
00490.1240.110
0.0930.1230.105
00130.0830.106
00830.1150.101
00110.074 0,000
0.0080.074 0,084
0.0070.0730.078
0.0660.085 0,070
00020.0210.077

00500.1490.163
0.0550.1620.163
00220.1050.124
00340.1250.123
00540.1860.121
00190.1020.105
0.0080.0380.103
0.0830.114 0,104
0.007 0,063 0.100
00120.083 0,005
0.004 0,054 0,084
0.0080.073 0.081
0.0000.005 0,056
0.0000.005 0,085
0.0000.001 0,003
0.0580.1580.164
0.0680.1480.134
0.0400.1800.139
00840.1220.122
00200.0040.126
00820.117 0,107
00170.0060.113
0.0640.1110.000
0.0260.1110.007
0.0800.096 0.081
0.0280.104 0,089
0.074 0,085 0,073
00760.0010.076
0.066 0,006 0.078
0,067 0.078 0.067
0.0260.0830.078
00700.0810.067
0,027 0.0910.073

Weighted SEs.
Q0,03

0.0890.1550.137
006201200112
00910.1290.112
010301290112
009804120009
0.0850.1120,008
00780.1010.087
00830092 0.080
007800850074
003100870073
00720080 0,069
00230081 0.068
0.0680.075 0,065
008600720062
005000720062
0027 0.0730.061
001600730061
004700510044
0047 00510044

0.0700.1550.139
0.0700.2000.139
0.0430.1290.113
0.06302010.113
007301290.113
009004290113
0.1010.1280.113
0.0840.1130.108
0.0420.1120.100
007104120009
0.790.1120.008
0.0400.1010.001
0.1030.1000.089
0.0890.1000.089
0.055 0,100 0,080
0.0150.080 0,069
0.0480.1000.069
00140100 0,100
0.0240.106 0,065
0.0330.076 0,065
0.0880.075 0,066
0.0210.100 0,062
0.0330.100 0,062
0.05800720.062
0.06200710.062
0.0010.0530.043
0.0010.0530.100
0.0090.1000.044
002600510044

04100155 0.136
009904290112
0.0980.4120.008
0.0670.1030.073
0.0860.081 0,069
0.0990.1550.138
0.0870.205 0.137
0.0990.155 0,139
0.0860.1290.112
0.1000.1120.008
0.0980.1110.009
0.0590.101 0,087
0.0900.100 0,087
0.0600.1060.074
0.0550.106 0,069
0056 0,100 0,065
0.0700.075 0,064
0.0210.0730.061

0.0980.156.0.141
0.1010.1860.142
0.0670.1290.112
0.08101290.112
0.1010.4290.113
0.0700.1120,008
0.0250.1130.108
008104120009
0.0410.101 0101
0.0540.101 0,088
0.0340.106 0,074
0.0480.0860.074
0.0050.077 0,065
0,005 0.0730.061
0.0010.0830.043
0.1050.1650.138
010801290112
0.0880.1290.112
0.0910.1120.008
0.0690.1130.107
0.0930.1010.088
0.0680.1040.100
009000920073
00810.1000.079
0,077 0.0850.074
00800.1060.074
00690.0790.069
007200790.069
00750.0790.069
0.065 0,075 0.065
00700.106 0,065
0065 0.0710.062
0.0700.1000.062

SExuw
@ Q; Q3

0.0380.146.0.187
00140.107 0,164
0.0380.148.0.160
00750.1590.145
00800.1430.123
00130.1060.149
00340.1320.123
00780.1160.100
00780.1090.002
00030.0520.118
0,084 0,007 0,083
0.0010.0340.111
00810.0910.078
007600900075
0014 0,080,097
0.0080,0430.110
000100230103
0.0610.0630.053
0.0610,064 0,053

00230.1110.159
00270.115.0.160
00120,0830.138
00200.1130.134
00260.1250.132
00450.1390.126
0.0600.145 0,122
0.0050,0680.121
0.0070.0780.121
00300121 0111
00360.1220.105
0.0060.0800.111
0.0500.1180.007
00800.1100.004
00120007 0,095
00020031 0,096
00100.0890.080
00010.0290.089
0.0020.054 0.087
0,004 0,066 0.080
0,069 0,081 0,069
000200480081
0.004 0,065 0.078
00190.0890.069
00200.0860.068
0.0000.0010.008
0.0000.0020.036
0.0000.0200.081
000300590054

006501820202
00590.1660.173
00930.1500.135
00190.1110.132
00160.1000.122
00490.1630.186
00320.145 0,189
00620.1720.181
0.0330.144 0,157
00550.1410.120
0.1020.1320.113
00140.1010.134
00410.1360.122
001500930116
00110.0940.108
00100.0030.100
0.080 0,004 0,080
00020031 0.105

00530.1680.163
0.0590.1600.161
00230.1170.138
00380.1380.131
0.0610.1480.127
00250.1180.117
00020047 0.121
00430.1280.112
00100.0780.120
00150,0080.110
0.0050.0690.101
00110.0880.004
0.0000.0090.076
0.0000.007 0,075
0.0000.0010.005
0.0520.1700.197
00740.164 0157
00400147 0.470
00390.1420.151
00180.1130.162
00400.1390.135
00190.1170.147
0.0780.1260.108
0.0840.1330.123
0.0930.106 0.004
0.0880.126 0,114
00790.080 0,079
0.0880.100 0,088
0.0830.1090.003
0.0700.081 0.071
0.0670.1130.000
00810089 0,077
0.0390.1100.094

SEww
Q1005

00370.1510.178
00140.1090.160
00360.1500.165
00730161 0141
00800.1430.121
0035 0.139.0.134
00340.1330.119
00800.1120.007
00800.1090.000
00030.0520.118
0087 0,007 0081
000100840111
00830.0910.076
00760.0900.074
0014 0.0880.006
0.0020.0430.108
000100230104
00610.0630.053
0.0610.0640.053

00190.1140.165
00230.1180.165
00110.0840.135
00180.1150.131
00250.1260.129
00420.1400.124
00620147 0.120
0.0050.0690.119
00060.0790.118
00280.1220.109
00360.1230.104
0004 0.0800.106
004801180091
00780.1100.087
00120.0980.003
00020.031 0,095
0.0090.0890.079
00010.0200.088
00020.0540.086
0,004 0.0660.079
0.0690.081 0,066
0.0010.0480.080
0004 0,066 0.076
00180.0890.068
0.0280.0860.067
0.0000.001 0,008
0.0000.0020.087
0.0000.0200081
0.0030.0590.054

00680.1880.190
00590.1690.167
00980.1510.132
00180.1120.129
00160.1100.121
00500.1680.176
00300.1500.178
00620.1770.471
00320.146.0.152
00560.1420.126
0407 0.1820.111
00150.1020.130
00410.1870.119
001500040113
00100.0950.106
00100.0940.009
00810.0040.079
00020.0310.105

00490.1620.167
0.0560.1630.156
00220.1190.134
00370.1400.129
00580.1490.124
00240.1190.114
00020.0480.122
00390.1290.110
00080.0790.116
00140,0990.105
0.0050.069.0.009
00100.0890.002
0.0000.0090.076
0.0000.0060.075
0.0000.0010.005
00500.1750.183
00740.1670.152
00390.1500.165
0037 0.1440.148
00190.1140.158
00390.1400.132
00190.1180.144
00790.127 0106
00320.1330.121
0,096 0.106 0.002
00360.1260.112
0.0800.0900.078
0.0900.1000.087
0.0840.109 0,002
0.0710.081 0,070
00360.1130.008
0.0830.0890.077
0037 0.1100.002

SEn

Q10,0

00790.1240.100
00540,0930.076
0.0810.1030.084
00950.1110.003
0.0900.096 0.083
0074 0,089 0,074
0,068 0,080 0.067
0.0760.079 0.067
00710.074 0,062
0026 0,055 0,044
0.0670.0710.060
0.0200.0480.040
0.0630.067 0.056
0060 0,062 0,052
00420,053 0,043
0.0230.047 0,038
00140.044 0,035
0.0420.044 0,037
0.0420.044 0,087

00530.1430.125
00550.1280.120
00390.1230.105
0.0550.1060.100
00640.1100.103
00800.1140.105
00890.1180.107
0020 0,083 0.080
0035 0,087 0,083
0,063 0,096 0.089
0.0690.1000.002
0.0830.079 0,075
0.0750.0010.083
0.0820.094 0,086
0055 0.1000.078
00130.057 0,055
0.0400.067 0.062
00120.054 0,052
00190.057 0,054
0027 0,059 0,057
0.0630.0710.064
0017 0,054 0.051
0027 0,056 0,053
0.0490.062 0,057
0.0540.0630.058
0.0010.0220.022
0001 0,027 0.027
0.0080.037 0.035
00220.0400.038

0.1010.1260.091
00890.1000.073
0.0900.0830.073
0.057 0,059 0.041
0.056 0,055 0.039
00900.1290.108
00780.1230.101
00980.1330.113
0.0760.1030.088
0.0820.0930.079
00930.1020.088
00510.0740.061
00720.0800.068
0.0480.0620.051
0.0460.0590.048
0046 0,055 0,046
0,063 0,066 0,055
0017 0,044 0,036

00900.139.0.127
00930.1410.120
0.0580.1060.009
00720.1110.102
00910.1160.105
0.0580.003 0,086
00210076 0,073
0071 0,097 0.089
00350.077 0,070
0.0470,081 0,074
0.0280.064 0.060
0040 0,068 0.063
0005 0,043 0,043
0005 0.0410.039
000100180019
0.0950.1260.004
00990.1080.085
00780.099 0,075
0076 0,086 0,065
00590.0790.056
00730.0770.058
00590.0710.052
0077 0,076 0.060
0.0690.0700.053
0,071 0.074 0,060
0,068 0,065 0.050
0.0670.0730.062
0.0670.069.0.056
0.067 0,066 0.052
0.0630.071 0.061
0.0600.058 0,043
0.0600.062 0.050
0,0590.055 0.042

SEup
Q1 Q2 Qs

007401450121
005601240101
0.0810.1250.104
009101240107
00910.1100.095
00790.1110.003
0075 0,101 0.083
0.0830,0020.078
00790.0850.072
0.0310.0880.068
0073 0.0800.068
0024 0.0830.084
00700.0750.084
0.0680.0720.061
0.054 0,074 0.080
0.0280,075 0,059
00170,0750.058
00500.0510.043
0.0510,0520.043

00530.1430.125
005301440126
00430.1200.113
005601230106
0.0650.1240.107
00800.1230.107
0.0880.1230.108
003201090100
0.0390.1090.003
0.0670.1090.094
0.0740.1090.005
0.0880.1000.84
0.0820.008.0.085
0.085 0,008 0.087
00550100 0.078
0015 0,082 0.067
0.0490.081 0.068
0015 0,078 0.063
0.0260.078 0.084
0.0350,077 0,064
0.0690.074 0.065
0.0220.100 0.060
0,035 0,074 0.061
0.0630,0720.061
0.067 0,072 0.061
0.0010.0530.041
0002 0,055 0.042
0.0110.0540.043
00310,0630.043

00900.1460.120
0087 0.1250.102
00910.1100.003
0.067 0,088 0.068
0,068 0,083 0,065
00830.1460.125
007001450122
008801460126
0.0760.1240.106
0.0860.1100.094
0.0910.1090.096
00580.101 0.081
00790.101 0,083
0.0580,0870.071
0.0560.1020.065
0.0580.101 0,063
0.0710,0750.084
00210,0750.058

00820.145 0.129
0.0840.145 0.120
0.0800.1230.108
00720124 0.107
0.0890.1230.107
00630.1100.004
00230109 0.089
00750.1090.095
00390.101 0.100
00530100 0.084
0.034 0,087 0.071
0,048 0,087 0.072
0,005 0,077 0.060
0,005 0,074 0.057
0.0010.0520.039
0.0870.145 0.121
0.0960.1250.106
00770.1250.103
00790.1110.091
00630.1120.085
00800101 0.081
0.0660.1020.080
00840,0020078
007900030076
0076 0,085 0.073
0.0800.087 0,070
00700.079 0,069
00730,0790.069
00760.081 0,068
0.0630.074 0.065
00700.0990.063
006600720062
0074 0,099 0.061

SEwn
Qs Q2 Qs

0107 0.1910.155
00780.1640.128
0.1080.147 0.121
01140147 0121
01090.1260.108
00980.1330.108
0.0890.1180.005
009101020084
0,085 0.0040.078
0037 0.1120.083
0078 0,086 0.073
002901080077
0074 0.0820.068
00720.0780.065
0,057 0,087 0.067
0,031 0.0030.069
0019 0,006 0.069
0051 0.0550.046
0052 0,085 0,046

00730187 0.150
00720.1840.149
004901630120
00690.1480.119
00790.1450.117
0096 0.1410.116
0.1050.1380.116
00390136 0.108
004801320105
0077 0.1240.102
00840.121 0101
0044 0.117 0,003
0.1000.107 0091
0091 0.1040.091
00590.1030.083
0016 0,007 0,073
00500.1000.072
0016 0,092 0.069
0,026 0.089.0.068
0,035 0,087 0.068
00700.077 0,088
0022 0,084 0.085
0,034 0,082 0.065
0061 0,077 0,063
0,065 0.077 0.063
0,001 0.076 0,049
0001 0.0710.048
0,000 0.0610.048
0025 0.0680.045

0.1310.1910.157
01200.1590.120
04110.1300.109
00830.1100.083
008201030078
0117 0.1850.153
0.1060.1910.154
0.1210.1800.152
0.1010.1540.123
0.1030.1280.107
0.1050.1210.104
00720124 0,006
0094 0.1190.005
0067 0.105.0.081
0064 0,098 0.075
006301020071
0,076 0.0830.068
0,024 0,006 0.069

0.1080.1740.149
0107 0.1720.148
00760.1490.119
00890.1450.118
0.1080.1400.117
00740127 0.104
002901430108
0087 0.1240.103
0045 0.1200.103
0.0600.1160.003
0,087 0.1020.079
00520.0080.078
0,005 0.1030.072
0,006 0.007 0.068
0001 0.0790.049
0.1270.1890.156
01240.1500.124
0107 0.1600.128
010201380111
0087 0,146 0.112
00990.1230.007
0.0860.1280.101
0.0950.1060.088
00950.1120.088
0.085 0,004 0,079
00910.1030.082
0074 0,084 0,072
0.0800.0880.074
00840.0910.075
0.067 0,078 0.067
00810.0010.072
00710.0790.085
0.0800.086 0.068
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