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1 Introduction

Treatment for breast cancer could cause heart damage. The damage could occur

immediately after the treatment or long time after it. However, early detection is impor-

tant to intervention of heart damage. Left ventricular ejection fraction(LVEF) is used to

determine the altered cardiac function as the main variable. Since LVEF is insensitive

to early cardiac damage, the objective this study is to find out other cardiac imaging

techniques and variables that can be used to help detect early cardiotoxic effects.

2 Advice on the inclusion of data from related studies

The first step is to select certain variables and techniques of initial interest to ex-

plore based on the scientific knowledge in the cardiac and breast cancer fields. If there

are three variables of interest and a study contains only two of these variables together

with some other variables, the data of this study should also be recorded. Moreover,

the statistical test in the original studies is mainly used to determine whether a variable

or a technique has significant changes before and after the treatment. Then it should

be recorded whether the test is one-sided or two-sided as well as the direction of the

alternative test among different studies. (eg. The true value of a parameter before the

treatment is smaller or larger than the value after the treatment)

3 Statistical Questions

There are mainly three statistical questions in this study:

• How to determine which cardiac imaging variables show significant changes be-

fore and after the treatment when there is no clinically significant decrease in

LVEF? To be specific, within n numbers of previous studies, the number of times

that different variables have significant changes (pre-post treatment ) and their

correponding P-values can vary. How to decide whether a certain variable has

significant changes when LVEF does not change significantly considering all re-

lated previous studies?
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• Decide during which time period a certain variable will have significant changes.

There can be two periods : an early stage and a late stage. The late stage begins

from one year after the treatment starts. The early stage starts right after the

treatments starts until the late stage starts. The number of times that a certain

variable is significant and the P-values are provided for both stages. How to take

advantage of the count and the P-values to decide during which period a variable

changes dramatically?

• Analyze whether the significant change for a certain variable depend on different

treatment types.

4 Methodology

4.1 An extension of Stouffer’s method

For the first two questions, an extension of Stouffer’s method to combine indepen-

dent P-values can be used. The details of the method is described in Reference[1]. In

the test procedure, Stouffer’s Z-score method could be used in the first stage. In the

second stage, an extension of Stouffer’s method could be used to provide further infor-

mation. The third stage is optional if people would like to take readers’ doubt about the

flaw of an individual study or publication bias into account. An example illustrating the

first two stages is provided as Example 1 in the Implementation part. As to how to

implement the third stage, please refer to page 12 in reference[1]

The Stouffer’s Z-score method is used to combine the results from several inde-

pendent tests bearing upon the same overall null hypothesis (H0). In general, when

considering k different studies in which test problems H0i versus H1i are considered,

i=1, 2, ...,k. a combined test procedure tests the global null hypothesis.

H0 : All H0i are true, i = 1, 2, . . . , k

versus the alternative

H1 : Some of the H1i are true, i = 1, 2, . . . , k

In Question 1, the null hypothesis is that there is no significant change for a

certain variable before and after the treatment when there is no clinically significant
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decrease in LVEF in all the related studies. The alternative hypothesis is that there is

a significant change for a certain variable before and after the treatment when there is

no clinically significant decrease in LVEF in some of the related studies.

When the null hypothesis is rejected, it could only be said that at least the variable

has significant changes in one of all the selected studies. However, this information is

too vague. Thus, an extension of Stouffer’s method, Stouffer-max is used in the second

stage.

In Question 2, it needs to be decided a certain variable has significant changes

during an early period or a later period. The question will be dealt with in two parts.

The first part will answer whether a variable has significant changes in an early period.

The second part will answer whether a variable has significant changes in a later period.

Take part 1 as an example. The null hypothesis is that there is no significant change

for a certain variable in an early period in all the studies.The alternative hypothesisis

that there is significant change for a certain variable in an early period in some of the

studies.

The Test Procedure are the almost the same for Question 1 and Quesion 2 which

will not be described for the two questions separately.

4.1.1 Test Procedure

In the first stage, Stouffer’s method:

• Procedure 1: Transform the P-values from all studies into a set of exact one-

sided P-values.

For a certain variable, denote µ0i as the value of the variable in the ith study be-

fore the treatment and µ1i as the value of the variable in the ith study after the

treatment. H0i : µ0i = µ1i i = 1, 2, . . . , k where k is the total number of collected

studies. There are three possible forms of alternative hypothesis in the studies.

1.H1i : µ0i > µ1i, 2.H1i : µ0i < µ1i or 3. H1i : µ0i 6= µ1i. If the alternative

hypothesis from most of the k studies are in the format of 1.H1i : µ0i > µ1i,

then the P-values from these studies keep unchanged. The P-values pi from

the studies having 2.H1i : µ0i < µ1i as the alternative one will be transformed

pi′ = 1 − pi.The P-values pi from the studies having 3. H1i : µ0i 6= µ1i should
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also be changed. First, pi′ = pi
2

. Second, if the estimate of µ1i is smaller than

µ0i, then the final P-value after tranformation is pi′ . If the estimate of µ1i is larger

than µ0i, then the final P-value after tranformation is pi′′ = 1− pi′ = 1− pi
2

• Procedure 2: Calculating the Test Statistic and Corresponding P-value

The original Stouffer’s Z is defined as

ZStouffer =

∑k
i=1 zi√
k

where zi is the Z-score converted from the transferred P-values in Procedure 1 of

each single study, zi = φ−1(1 − pi), where φ is the standard normal cumulative

distribution function, zi is the (1 − pi) quantile of standard normal distribution.

The value of zi cuts off the upper 100p% of the area under the standard normal

curve. For example, a one-sided p of exactly 0.025 is transformed to a z of 1.96.

k is the total number of studies.

ZStouffer is standarded normal distributed under the null hypothesis, then the

P-value corresponding to the test statistic ZStrouffer could be calculated under

standard normal assumption. This P-value as combined probability to evaluate

the null hypothesis represents the area under the standard normal distribution to

the right of ZStouffer.

• Procedure 3: Conclusion of the Hypothesis Testing based on Combined Prob-

ability

If the combined probability is larger than the level of α selected(usually as 0.05),

the null hypothesis could not be rejected meaning that there is no significant

change in a certain variable before and after the treatment in all related stud-

ies. If the combined probability is smaller than the level of α selected(usually as

0.05), this leads to the rejection of the null hypothesis. The rejection means that

the certain variable has significant changes before and after the treatment in some

of the related studies. But the number of studies in which the variable has signif-

icant changes is still not known. Whether the variable has significant changes in

only one of the related studies or in all of the related studies is not clear. To deal

with this problem, an extension of Stouffer’s method is used in the second stage.
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In the second stage, an extension of Stouffer’s method is used if the null hy-

pothesis is rejected.

An extension of Stouffer’s Z method is Stouffer-max. Instead of using all the zis

from all k related studies, Stouffer-max method computes the mean of the s highest

value of z, where s is some positive integer to be chosen. This statistic is called MeanZ.

To perform the test using MeanZ as the test statistic, Table 3 on page 506 from refer-

ence[1] could be used. A simple arbitrary rule could be used to choose s as the number

of total k studies minus 1. Since 50 is the highest value of k and 10 is the highest value

of s in Table 3, so the largest number of selected studies should be 50.

• If s equals s1 in the first step which means we select the s1 highest zis to compute

MeanZ and a significant result is obtained, we reduce s by 1 each time until a s2

is obtained providing a nonsignificant result, then it could be concluded that at

least (s1 − s2) number of studies have significant changes.

• Rank all the variables of interest according to (s1− s2) number of studies having

significant changes among all studies. The bigger (s1 − s2) for a variable, the

higher the variable ranks.

• If the client wants to select q number of variables to reflect the early cardiac

change, then first q ranked variables will be chosen to serve as the variables that

could help detect early heart problems.

However, different readers might have different standards to decide whether one

study is conducted with flaw or not and whether it should be included in the pooled

analysis. Criticism of the inclusion of one certain individual study might lead readers to

doubt the pooled conclusion. Moreover, publication bias might exist. Evidence consis-

tent with the null hypothesis is less likely to be included in the test. Classic Stouffer’s

method does not provide analysis to this problem. A third stage of dealing with publi-

cation bias and reader’s doubt about individual studies could be considered. This stage

is optional.
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In the third stage, consider readers’ doubt about certain individual studies

and publication bias.

When taking reader’s doubt about the flaw for certain individual studeis and publi-

cation bias into account, two steps are needed before conducting the procedure in stage

two. After dropping certain number of flawed individual studies and calculating the

"fail-safe N"(FSN), the rest work is almost the same as in stage 2. The procedures are

described in details as below.

• Choose a m number of potentially flawed studies and then the highest m number

of Z scores will be omitted. This is how to take the doubts from the readers about

flawed individual studies into account. The rule of choosing m is quite flexible

and it could depend on the client’s preference and experience.

• Assume a n number of hidden studies, then a "fail-safe N"(FSN) will be calcu-

lated to provide information about publication bias. This FSN is the number of

undiscovered studies would have to exist to change the Stouffer-max test result

from significant to non-significant. If FSN is too large provided what is known in

the field of study, then it could be concluded that the test result is invulnerable to

the publication bias.

• Suppose s number of next highest zs are fixed in the first step after deleting m

number of highest zs from potential flawed studies. If s equals s1 in the first step

and a significant result is obtained, we reduce s by 1 each time until a s2 is ob-

tained providing a nonsignificant result, then it could be concluded that at least

(s1 − s2) number of studies have significant changes.

• Rank all the variables of interest according to (s1− s2) number of studies having

significant changes among all studies. The bigger (s1 − s2) for a variable, the

higher the variable ranks.

7



• If the client wants to select q number of variables to reflect the early cardiac

change, then first q ranked variables will be chosen to serve as the variables that

could help detect early heart problems.

4.2 Chi-squared Goodness of Fit Test

For question 3, to analyze whether the significant change for a certain variable

depend on different treatment types, Chi-squared Goodness of Fit Test can be applied.

The chi-square test is used to test if a sample of data comes from a population with a

specific distribution.

For a certain variable, if each selected study records whether it has significant

change under both treatment type 1 and treatment type 2, the data could be manipulated

in this way.

Table 1: Data Structure for Wilcoxon signed-rank test

Study i Treatment 1 Treatment 2 Difference

1 1 1 0

2 1 0 1

· · · · · · · · · · · ·

n 0 1 -1

In Table 1, there are n studies in total, for a certain variable, if this variable has

significant changes under a certain treatment, then it is denoted as 1, otherwise, it will

be denoted as 0. Intuitively, if the number of times that the variable is significant in

treatment 1 but not in treatment 2 is similar to the the number of times that the variable

is significant in treatment 2 but not in treatment 1, then it could be considered that the

significance of the variable is immune to treatment types. Statistically, it needs testing

whether there is much difference in the number of 1s and number of -1s. If they are very

different, then we could conclude the significance of a variable depends on treatment

types.

Denote Difference in Table 1 as Dif. If Dif equals to 1, it means the variable is

significant in treatment 1 but not in treatment 2. If Dif equals to -1, it means the variable
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is significant in treatment 2 but not in treatment 1.

4.2.1 Test Procedure

Let n be the number of selected studies, which is also the sample size.

H0 : Pr(Dif = 1) = Pr(Dif = −1)

H1 : Pr(Dif = 1) 6= Pr(Dif = −1)

• For i=1, 2, ...n, count the number of times that Dif=0 and denote it as ni, the

estimated probability of Pr(Dif=0)=ni

n

• The expected Pr(Dif=1)=Pr(Dif=-1) under the Null Hypothesis is 1−Pr(Dif=0)
2

=1−ni/n
2

• Calculate the test statistic

χ2 =
2∑

i=1

(Oi − Ei)
2

Ei

E1 = nPr(Dif = 1), E2 = nPr(Dif = −1)

O1 is the observed frequency for a variable which is significant in Treatment 1

but not significant in Treatment2.

O2 is the observed frequency for a variable which is significant in Treatment 2

but not significant in Treatment 1.

• Get conclusion of the hypothesis testing. The degree of freedom for this case is

2-1=1. Since it is a two-sided test, if the significance level is set to 0.05, then get

the theoretical 97.5% quantile for Chi-square distribution with degree of freedom

being 1 which is 5.02. If the value of the test statistic is bigger than 5.02, then

the null hypothesis will be rejected. There is significant evidence to show the

significance of a variable depends on the treatment types. If the value of the test

statistic is smaller than 5.02, then the null hypothesis can not be rejected. There

is insufficient evidence to show the significance of a variable depend on treatment

types.
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5 Implementation

In this part, two examples are provided. The first one explains the calculation step

of the first two stages of Stouffer’s method. The second example illustrates how to deal

with Question 3 in SPSS.

5.1 Example 1

5.1.1 Background of the example

Imagine there are five variables of initial interest, the aim is to pick up three of the

variables that have significant changes before and after the treatment when there is no

significant change in LVEF. It needs to be determined the number of the studies that the

variable really has a significant change. The five variables could be ranked according to

this number. The bigger the number, the higher the variable ranks. Finally, the first third

ranked variable will be selected to serve as the cardiac imaging variables to detect early

cardiotoxic effects. This example will illustrate how to analyze the number of studies

that show real significant changes for one certain variable provided the P-values of all

the pooled studies.

Assume there are eight studies in total. For Variable A, u0i denotes the value of

Variable A before the treatment. u1i denotes the value of Variable A after the treatment,

i=1,2,...8. The null hypothesis for all the eight studies is H0 : u0i = u1i. However,

the direction of the alternative hypothesis could be different. There are three forms of

directions: whehter u0i is larger than u1i or u0i is smaller than u1i or u0i does not equal

to u1i. The alternative hypothesis of five studies are H1 : u0i > u1i. The P-values for

the five studies are 0.04, 0.02, 0.08, 0.2, 0.03. Two studies’ alternative hypothesis is

H1 : u1i 6= u2i. The P-values are 0.06 and 0.07. One of the study have H1 : u0i < u1i

as the alternative one. The P-value is 0.6.
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5.1.2 Transformation of P-values

In order to tranform the P-values, the direction of the alternative hypothesis for

the pooled analysis should be determined first. According to Procedure 1 for Stouffer’s

method, the null hypothesis is for all the eight studies H0 : u0i = u1i. Since in the

majority of the studies the alternative hypothesis is H1 : u0i > u1i, then the direction of

the alternative hypothesis will be fixed as H1 : u0i > u1i. For the pooled analysis the

alternative hypothesis should be described as Some of the eight studies H1 : u0i > u1i

are true.

Then the P-values of the eight studies should be transformed. The P-values of the

five studies with alternative hypothesisH1 : u0i > u1i should be unchanged because the

direction of it is the same as the direction of the alternative hypothesis for the pooled

analysis. The P-values of the two two-sided test should be transformed into pi
2

. They

will be 0.06
2

= 0.03 and 0.07
2

= 0.35. For the one-sided test in which the direction of the

alternative hypothesis is opposite with the direction of the one in the pooled analysis,

the P-value is calculated as 1− 0.6 = 0.4. After transformation, the P-values are 0.04,

0.02, 0.08, 0.2, 0.03, 0.03, 0.35, 0.4. Then the corresponding Z-scores are 1.75 , 2.05 ,

1.41 , 0.84, 1.88, 1.88, 0.39, 0.25.

5.1.3 Calculation of Stouffer’s test statistic

The Stouffer’s test statistic is

Zstouffer =

∑8
i=1 zi
k

=
1.75 + 2.05 + 1.41 + +0.84 + 1.88 + 1.88 + 0.39 + 0.25√

8
= 3.69

The P-value for the pooled analysis is Pr=0.0001<0.05. The null hyoothesis of the

pooled analysis is rejected. It could be concluded that there is sufficient evidence to

show in some of the eight studies, the alternative hypothesis H1 : u0i > u1i for each

original study is true.
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5.1.4 Determine the number of the studies within which a variable really has a

significant change in the pooled analysis

In order to determine how many of the eight studies, the alternative hypothesis

H1 : u0i > u1i for each original study will be supported, the second stage of using an

extension of Stouffer’s method is needed. We set s as (the number of all the total studies-

1) which is 7. Then the first seven highest Z score of the eight studies will be used. The

test statistic MeanZ is the average of the selected z scores which is 1.457. According

to Table 3 in reference[1], when k=8, s=7, the critical value is 0.797, 1.457>0.797, a

significant result is obtained. When k=8, s=6, the test statistic is 1.635 and the critical

value is 0.993, a significant result is obtained again. The number of s is decreased by 1

each time until a non-significant result appears. When s equals two, the first two highest

score is 2.05 and 1.88. The test statistic is 1.965. The critical value is 1.977. When k=8,

s=2, a non-significant result is obtained. Finally, we could conclude that in five (7-2=5)

of the total eight studies, there is a significant change for the value of Variable A before

and after the treatment. According to H1 : u0i > u1i, there is sufficient evidence that

the value of Variable A is smaller after the treatment than that before the treatment in

five of the eight studies.

5.2 Example 2

As to Question 3, it could be dealt with in SPSS. A similar example with differ-

ent context in SPSS is provided by http://www.stat.vcu.edu/help/SPSS/

SPSS.GoodnessOfFit.PC.pdf. In that example, a machine has a record of pro-

ducing 80% excellent, 17% good, and 3% unacceptable parts. After extensive repairs,

a sample of 200 produced 157 excellent, 42 good, and 1 unacceptable part. Have the

repairs changed the nature of the output of the machine? Use SPSS with α= 0.05. Let

X denote the state of the output of the machine. X is a categorical with three categories:

excellent, good, unacceptable with theoretical probability 0.8, 0.17, 0.03. The observed

outcomes are 157 falling in the first category, 42 in the second and 3 in the third. The

problem is to test whether the observed outcome follows the theoretical discrete distri-

bution of X. The steps and procedures in SPSS in this example could be applied to our
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Question 3.

In Question 3, the Variable which is of interest is Difference denoted as Dif in

Section 4.2. It has three categories -1, 0, 1 with probabilities 1−ni/n
2

, ni

n
, 1−ni/n

2
. After

recording the realization of Dif for each of the selected studies, the number of times

observed for Dif falling into each of the category could be recorded. Then the question

is whether the observed result is consistent with the assumed probabilities 1−ni/n
2

, ni

n
,

1−ni/n
2

. As a result, the difference between Question 3 and the cited example lies in

entering the original data and the probability for each of the category for the variable of

interest. The rest procedures in SPSS will be the same.

6 Summary

To deal with Question 1 and Question 2, Stouffer’s method and an extension of

Stouffer’s method are used in the first and second stages. However, there are some

limitations of an extension of Stouffer’s method. Since the parameters of s and k are at

most 10 and 50 separately in which s denotes the number of highest Z scores will be

used and k is the total number of the studies in the pooled analysis. If the number of the

total studies is larger than 50, then a Binomial test instead of Stouffer’s method could

be used instead. Table 3 in reference[1] will be replaced with Table 2. The shortcoming

of Binomial method is its power might not be as high as Stouffer’s method. For both

methods, it could only be known the fraction of the total studies that the variable has a

real significant change. However, there is no standard to decide whether a variable has

a significant change without the reference of the fraction of the total studies that other

variables have a real significant change.
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