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Abstract

Network meta-analysis (NMA) is used to compare the relative effects of multiple
treatments. The most popular network meta-analysis model, namely the Lu & Ades
model, cannot analyze a disconnected network. Several solutions have been proposed,
but they all have their own disadvantages. One potential solution to analyzing a
disconnected network is component network meta-analysis (CNMA).

CNMA estimates the effect of each component within multicomponent
interventions under the assumption of additive component effects. A recent article
pointed out that CNMA could reconnect disconnected networks when distinct
subnetworks share common components. However, this condition itself is insufficient
for connecting broken networks. Our first objective, therefore, is to find the necessary
conditions. We proved that the rank of the design matrix M needs to be equal to the
number of components for identifying the effects of components. A disconnected
network will be reconnected as it these two conditions are satisfied.

We, then, investigated how to identify the missing evidence required to connect
distinct subnetworks by developing a graphical tool for visualizing the evidence
structure. The standard network plot uses treatments as its nodes, which is not suitable
for visualizing the evidence structure in CNMA, particularly when the network plot is
complicated. Therefore, our second objective is to propose the use of the linear signal-
flow graph, which illustrates the relations between components as connections between
nodes. Our proposed graph provides clear information about the relations among
components within the networks of evidence, and it can be shown that the standard

network plot is a special case of our proposed graph. Moreover, we can use gaussian
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elimination to extract information within our graph to help the user elaborate the

evidence structure.

Keyworks: component network meta-analysis, linear signal-flow graph, gaussian

elimination, visualization, evidence structure
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Ibr+Rit lbr

Ide+Ben+Rit

Ide+0Ofa Ben+Rit

lde+Rit Ven+Rit

Ubl+lbr

Rit

Bl-- FHE-2Z8LH
Bl? 27 105 EsRE% - PRBEH LA B3R LRE RS Y ©®
2HP - BFRRo 125K d 1T 80~ 2a ! Bendamustine (Ben) -
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Debridement+Antibiotics
Debridement

Debridement+Chlorhexidine

Debridement+Periochip

Debridement+Photodynamic
y Air_abrasive

Laser Vector+Chlorhexidine

Laser+Antibiotics Vector

Laser+Chlorhexidine
Bl - FHRE-2ZRLHE
BlY 57 o4 LR AS3 BFer 2R cmsutLd
P- B 124k d T 80 it a1 Air abrasive(Air)
Antibiotics(Ant) ~ Chlorhexidine(Chl) ~ Debridement(Deb) ~ Laser(Las) ~
Periochip(Per) ~ Photodynamic(Pho) - Vector(Vet) °
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(a)
Ben Duv lbr Ide Ofa Rit Ubl Ven

cl 0 0 0 1 0 0 0 0
c2 0 1 0 0 =il 0 0 0
c3 0 0 1 0 =1l 0 0 0
c4 0 0 1 0 0 =il 0 0
c5 0 0 =1l 0 0 0 0 0
cb 1 0 0 0 0 0 0 =il
c/ 0 0 0 =1l 0 0 0 0
c8 0 0 0 1 0 0 0 0
c9 0 0 0 0 0 =1l 0 0
cl10 0 0 0 0 0 0 =il 0
(b)

(@) MAE'L 5 (b) MAEL M SN E - B ¢ 371 B3 /0 L B2 JHg
LR A-BAEN B Mdepehirpean 2 BRFELA- 42d F1 3

T3 NBHRE > B —nggfi‘zﬁﬁ;rqgg o
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(2)

Ben Duv |lbr Ide Ofa Rit Ubl Ven Combination
row 1 1 0 0 0 0 0 0 -1 1*c6
row 2 0 1 0 0 0 0 0 0 1*c2-1*c3+-1*c5
row 3 0 0 1 0 0 0 0 0 -1*c5
row 4 0 0 0 1 0 0 0 0 1*cl
row 5 0 0 0 0 1 0 0 0 -1*c3-1*c5
row 6 0 0 0 0 0 1 0 0 -1*c4-1*c5
row 7 0 0 0 0 0 0 1 0 -1*c10
row 8 0 0 0 0 0 0 0 0 -1*c1+1*c8
row 9 0 0 0 0 0 0 0 0 -1*c4-1*c5+1*c9
rowl0 O 0 0 0 0 0 0 0 1*cl+1*c7

(b)

Blte FH- 2 2% F )4
(a) Mpg+E*t » 2 ¥ Combination #5 it & 7|2 d &k p B+ = (a)ercl~cl10 4im
Ao s a L (b) Mpp B LML H R o B & 77 - B4R 1= B2

dMERE A - B AR o
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Air Ant Chl Deb Llas Per Pho Vec
cl 0 0 0 1 -1 0 0 0
c2 0 0 0 0 0 -1 0 0
c3 1 0 -1 -1 0 0 0 0
c4 0 -1 0 0 0 0 0 0
c5 0 1 0 0 0 0 -1 0
cb 0 0 0 1 0 0 0 -1
c7 0 0 0 1 0 0 0 -1
c8 0 0 0 1 0 0 0 -1
c9 0 1 0 -1 0 0 0 0
cl10 0 -1 0 0 0 0 0 0
cll 0 1 -1 0 0 0 0 0

5

BT FoR-zl

Riad

(a) MAE'E 5 (b) M55 B - 8 B~ 24 w5 ! Air_abrasive (Air)
Antibiotics (Ant) ~ Chlorhexidine (Chl) ~ Debridement (Deb) - Laser (Las) -
Periochip (Per) ~ Photodynamic (Pho) ~ Vector (Vec) e B}t ¢ 2 7 - — = 425¢ :
LBTEHFLAE-BIRN RIS BN EA - B2AN o HY Ant p
Sl p e S ZBRFLE-Aa g A E LB RS FEFBRY
2 e
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(2)

Air Ant  Chl Deb Llas Per Pho Vec Combination
1*c3-2*c4-1*c9

row 1 1 0 0 0 0 0 0 0 1*cll
row 2 0 1 0 0 0 0 0 0 -1*c4
row 3 0 0 1 0 0 0 0 0 -1*c4-1*c11
row 4 0 0 0 1 0 0 0 0 -1*c4-1*c9
row 5 0 0 0 0 1 0 0 0 -1*c1-1*c4-1*c9
row 6 0 0 0 0 0 1 0 0 -1*c2
row 7 0 0 0 0 0 0 1 0 -1*c4-1*c5
row 8 0 0 0 0 0 0 0 1 -1*c4-1*c6-1*c9
row 9 0 0 0 0 0 0 0 0 -1*c6+1*c8
rowl0 O 0 0 0 0 0 0 0 -1*c4+1*c10
rowll O 0 0 0 0 0 0 0 -1*c6+1*c7

@ o

&< (Las: (=

@
@
@

Bl- = F-z g%agenyds

(a) MpgsE*L » H ¢ Combination 47 it % 7| H_d % p B+ 7 (a)1¢cl~l0 4@
APpesda L (b) MppBLrmREGH R - Bre 37 ~B3aS ~B2

SHFE AL B S o
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Debridement+Antibiotics

Debridement+Chlorhexidine

Debridement+Periochip

Debridement+Photodynamic

Laser ,* Vector+Chlorhexidine

Laser+Antibiotics
Laser+Chlorhexidine

Bt FH- iz pn

BT REBEE MEL R B AL TR SRS R g L
B~ F ~ B4 omAA B 5 % Debridement ~ Chlorhexidine ~ Vector
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v

Part A: R code for drawing a signal-flow graph

This section introduces the main code in the R file. All of the R code and all

datasets mentioned in our article are in the associated R file.

1. Packages

graph.

Package “netmeta” is used to obtain the M matrix and to draw a standard

network plot using an existing function; “igraph” is used to generate a signal-flow

## Loading packages

if(!require(netmeta)) {install.packages("netmeta"); library(netmeta)}

if(!require(igraph)) {install.packages("igraph"); library(igraph)}

2. Function: Rearrange a matrix

This function is used to rearrange a matrix by sorting the matrix along its 1
column, followed by sorting its 2" and 3™ columns, and so on. Notice that we use

the absolute value to order the matrix. Take an example:

cl c2 c3 ¢l c2 3
rt —4 1 -1 r8 1—4 —4 -3
r2 1 1 -3 r4d |-4 —4 -3
r3 2 -4 1 rearr() rl |-4 1 1
rd |-4 -4 -3|——13 2 -4 1
r5 2 3 2 r5 2 -3 2
r6 2 2 =3 r6 2 2 =3
r7 1 3 2 r7 1 -3 2
r8 -4 —4 -3 r2 1 1 =3
## Rearrange a matrix
rearr <- function(a){
# Check the object type
if(!is.matrix(a)){
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stop("The argument 'a' should be a matrix.")

# Create a diagonal matrix to record the transformation matrix

tr = diag(1, nrow=nrow(a)); colnames(tr) = rownames(tr) = rownames(a)

# Sort the matrix along its 1st column, followed by sorting its 2nd and 3rd
columns, and so on.

tr <- tr[rev(do.call(order, data.frame(abs(a)))),]

a.new <- tr %*% a

# The argument ‘a’ is an input, the M matrix.
# M.sort = tr %*% a

return(list(M.sort = a.new, trans.row = tr))

}

3. Function: Gaussian Elimination

This function conducts forward Gaussian elimination (Twoside = F) or two-

sided Gaussian elimination (Twoside = T). The argument ‘a’ is an input, the M

matrix. The output ‘inverse’ records the linear combination of each row.

## Gaussian Elimination

GaussElimination <- function(a, Twoside = F) {
# Check the object type
if(!is.matrix(a)){

stop("The argument 'a’ should be a matrix.")
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nr <- nrow(a) # The number of rows

nc <- ncol(a) # The number of colunms

# Create a matrix to record the linear combinations

inv.a <- diag(nr)

# Create a matrix to record the eliminated matrix

aeli<-a

# Step 1: Forward

Take Figurelb for example:

a; d; as
trial 1 0 1 0
trial 2 0 1 1
M= ial3 0 0 1
trial4 1-1 1 -1
a; a; das
t4 [-1 1 -1
rearr( ) t2 0 1 1|, trial is abbreviated as t
_—
t1 0 1 0
t3 0 0 1
a, a, das a; a; as
—t4 [1 -1 1] —-t4 1 -1 1
ai t2 |0 1 1|rearr( ) t2 |0 1 1
t3 |0 1 0 t3 |0 1 0
tl 10 0 1l t1 L0 0 1
a, a, as a, az; as
—t4 [1 -1 1] —-t4 [1 -1 1
az t2 |0 1 1 |rearr( ) t2 |0 1 1
—t2+t3 |0 0 -1 —t2+t3 |0 0 -1
tl 10 0 1. t1 L0 0 1
a, a, as a, az; as
—t4 1 -1 1 rl [1 -1 1
as t2 0 1 1| remamerows 42 0 1 1| = MF
- >
t2—-t3 |0 0 1 r3 |0 0 1
tl—t2+t3 1O 0 0 r4 10 0 0
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Here we omitted y;. If we did not omit y;, it would appear that this system of

linear equation does not have a solution:

—Y4s=0a; —ap t+as
Y2 =a; +as

Y2 — Y3 =4as
Yi—Y2+ys=0

The reason is that we have not considered weights and residuals when re-

writing the matrix as a system of equations. Actually, this is a regression.

n0 <- 0 # The number of columns that do not have a leading coefficient
for (i in 1:nc){
# Rearrange the matrix
inv.a <- rearr(a.eli)$trans.row %*% inv.a

a.eli <- rearr(a.eli)$trans.row %*% a.eli

# Find the index of the leading coefficient for the i-th component
i.r <- which(a.eli[,1]!=0)
# Check whether or not all elements in i-th column are zero
i.r <- ifelse(length(i.r)>0,
L.r[i.r>(i-n0-1)][ 1], # Obtain the index
NA) # All elements in i-th column are zero
if(lis.na(i.r)){
if(i.r <nr){ # The 'i.r' row is the last row when 'i.r == nr'
# Forward Elimination
for (k in seq(i.r+1,nr,1)){
lead <- a.eli[k,i]/a.eli[1.1,1]

inv.a[k,] <- inv.a[k,] - lead*inv.a[i.r,]
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a.eli[k,] <- a.eli[k,] - lead*a.eli[i.r,]

}

# Let the lead coefficient be 1
inv.a[i.r,] <- inv.a[i.r,]/a.eli[i.r,i]
a.eli[i.r,] <- a.eli[i.r,]/a.eli[i.1,i]

yelse n0 <-n0 + 1

# Step 2: Backward

Following the above example:

a, a, as
rl 1 -1 1
_r2 |0 1 1
Mr= 13 1o 0 1
r4 10 0 0
rl—1r3 1 -1 0
as r2—r3 |0 1 0
ﬁ
r3 |0 0 1
r4 |0 0 0
a, a; as
(ri—-r3)+(@2-r3) [1 0 O
az r2—1r3 0 1 0
ﬁ
r3 0 0 1
r4 0 0 O
a, a, as
r'l 1 0 O
rename rows  p'9 0 1 0 :MF
_
r'3 0 0 1
r'4 0 0 O
if(Twoside){
for (i in nc:2){
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# Find the index of the leading coefficient for the i-th component
1.r <- which(a.eli[,1]!=0)
# Check whether or not all elements in i-th column are zero
1.1 <- ifelse(length(i.r)>0,
L.r[length(i.r)],
1) # All elements in i-th column are zero
if(a.eli[i.r,i]!=0 & 1.r>1 & sum(abs(a.eli[i.r,1:(i-1)]))==0){
# Backward Elimination
for (k in rev(seq(1,i.r-1,1))){
lead <- a.eli[k,i]/a.eli[i.1,i]
inv.a[k,] <- inv.a[k,] - lead*inv.a[i.r,]

a.eli[k,] <- a.eli[k,] - lead*a.eli[i.1,]

#aeli= inv.a%*% a

return (list(M.new = a.eli, inverse = inv.a))

}

4. Function: Draw a signal-flow graph

This function is used to visualize the M matrix by drawing a signal-flow

graph. The argument ‘M’ is an input, the M matrix.

## Draw a graph
DrawGraph <- function(M, RowNames=T, node.size =30, node.label.cex =

1.4, arrow.label.cex = 1.1){
66

doi:10.6342/NTU202300882



# The row names represent components
# The column names represent the study names (or study id), when
'RowNames=T"
if(is.null(rownames(M)) | is.null(colnames(M))){
stop("The row or column names is NULL. Please use rownames() or

colnames() to set the names.")

}

## Step 1: Remove the rows that all elements are zero

M <- M[rowSums(abs(M))!=0,]

if(!is.matrix(M)){ # Avoid the type of M becoming vector
M <- t(as.matrix(M))

rownames(M) ="1"

## Step 2: The algorithm of transformation

# Create a matrix to recored the right-hand-side equations

# All yi are omitted

M.rhs <- M

# Create a vector to record the position of the selected node for each row (each
equation)

# It also represents the left-hand-side equations

node.in <- rep(NA, nrow(M))

# The transformation of each row (each equation)

for (i in 1:nrow(M)) {
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# Step 2.1: Calculate the number

count.p <- sum(M[i, ] == 1) # The number of the positive elements in the i-
th row

count.n <- sum(M[i, ] == -1) # The number of the negative elements in the

i-th row

# Step 2.2: Change the sign if needed and select a node put on the left-
hand side of the equation
if(count.p*count.n ==0){ # Check that all elements have the same sign
# If only one element is non-zero, then let that element become positive.
# Otherwise, let all elements become negative.
if(count.p + count.n == 1) M.rhs[i, ] <- abs(M.rhs[i, ]) else M.rhs[i, ] <- -
abs(M.rhs[i, ])
# Select the left-most non-zero element as the node on the left-hand side.
node.in[i] <- which(M.rhs[i,] !=0)[1]
telse{ # When the elements have differing signs
# If the number of the positive elements is less than
# the number of the negative elements, then we change
# the signs of all elements (namely, the two sides of
# the equation are multiplied by -1 simultaneously;
# the left-hand side of the equation is zero at this moment).
if(count.p < count.n) M.rhs[i, ] <- -M.rhs[i, ]
# After changing the sign,
# select the left-most negative element as the node on the left-hand side.

node.in[i] <- which(M.rhs[i,] < 0)[1]
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# Step 2.3: Adjust the coeffients of the equation to -1 (or 1)
# After Gaussian eliminating,

# the element of the selected node is not always -1 (or 1)

# as the row has more than two non-zero elements;

# the equation, therefore, is divided by the absolute

# value of the selected element.

M.rhs[i,] <- M.rhs[i,]/abs(M.rhs[1,node.in[i]])

# Step 2.4: Add the variable representing selected node one the two-side

# To the two sides of the equation, add the variable representing the selected

node.
M.rhs[i,node.in[i]] <- M.rhs[i,node.in[i]] + 1
}
## Step 3: Create a table for the "graph_from_data_frame" function
# Create an empty table
name.c <- ¢("from", "to", "label.coef", "label.study") # The column name for
the table

M2graph <- matrix(rep(NA,sum(M.rhs != 0)*length(name.c)), ncol =
length(name.c))

M2graph <- as.data.frame(M2graph); colnames(M2graph) <- name.c

# Fill the table
index <- 1;for (i in 1:nrow(M.rhs)) { # For the i-th row (equation)

# Which nodes will point to the selected node
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from.i <- which(M.rhs[i, ]!=0)
M2graph[index:(length(from.i)-1+index),"from"] <-
colnames(M.rhs)[from.i]
# Which node will be selected
M2graph[index:(length(from.i)-1+index),"to"] <-
rep(colnames(M.rhs)[node.in[i]],length(from.1))
# The coefficient of each arrow in the i-th row
M2graph[index:(length(from.1)-1+index),"label.coef™] <-
as.vector(t(M.rhs[i, from.i]))
# The i-th row sourcing from which study (or trial)
if(RowNames){
M2graph[index:(length(from.i)-1+index),"label.study"] <-
rep(rownames(M.rhs)[1],length(from.1))
telse{ # If the matrix that the user input does not have study names (row
names).
M2graph[index:(length(from.i)-1+index),"label.study"] <-
rep(i,length(from.1))
}

# The index for the table

index <- index + length(from.i)

## Step 4: Create a plot form by "graph_from_data_frame" function

pg <- graph_from_data_frame(d = M2graph,directed = T)
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## Step 5: Adjust the arguments in the '"pg' object
# Step 5.1: Adjust the arrow color
# Set color for the equations generating one arrow

E(pg)$color = "black"

# Create a color bar for the equations generating more than two arrows.
# If the number of the equations generating more than two arrows

# is more than 7, add more colors.

colorbar = palette() # The default color for "col="

colorbar = colorbar[!palette() %in% "black"] # Remove "black"

# Find the equations generating more than two arrows

count.arrows <- table(M2graph$label.study) # Calculate the number of the
arrows

arrows2 <- names(count.arrows[count.arrows>1]) # Whose arrows' numbers
are more than 2

# Set the arrow color for the equations generating more than two arrows

index.arrows2 <- M2graph$label.study %in% arrows2

E(pg)$color[index.arrows2] =

colorbar[as.numeric(as.factor(M2graph$label.study[index.arrows2]))]

# Step 5.2: Adjust the arrow width

E(pg)$width = 1.5

# Step 5.3: Adjust the arrow curvature

arrow.curvature = rep(0, nrow(M2graph)) # Range 0-1
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# Find the potentially overlapping arrows
oa <- as.data.frame(table(M2graph[,c("from","to")]))
oa <- oa[oa$Freq>1,]
# Adjust the arrow curvature
if(nrow(oa)>0){
for (i in 1:nrow(o0a)) {
index <- M2graph$from == oa$from[i] & M2graph$to == oa$to[i]

arrow.curvature[index|<-seq(0, 1,length.out=o0a$Freq[i])

}

# Set the arrow curvature

E(pg)$curved = arrow.curvature

# Step 5.4: Label the arrows

E(pg)$label = as.character(M2graph$label.coef) # Change data type (from
number to character)

E(pg)$label[apply(M2graph, 1, function(x) {return(x[1]==x[2])})] ="1+1" #

Point to itself

## Step 6: Draw plot

plot(pg, edge.arrow.size=.5, edge.label.cex = arrow.label.cex ,
edge.label.color = "black", vertex.shape = "circle",
vertex.size = node.size, vertex.label.cex = node.label.cex,

vertex.label.color = "black", vertex.color = 'gray")
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5. Load the data of Example 1

This example dataset can be found in Part B of this supplement. The function

“netgraph” could not draw a network plot for a disconnected network, so we wrote

a function to draw it (but the size of the nodes and width of the edges are fixed).

## Example 1: Chronic Lymphocytic Leukemia
Ex1 <- data.frame(id =c(2, 3, 1,7, 4, 5, 6, 8, 9, 10),
n=c("261 (174/87)", "319 (160/159)", "389 (195/196)",
"160(106/54)", "578 (289/289)", "389 (194/195)", "416 (207/209)", "220 (110/110)",
"208 (104/104)", "117 (59/58)"),
t1 = c("Idelalisib+Ofatumumab", "Duvelisib", "Ibrutinib",
"Ibrutinib", "Ibrutinib+Bendamustine+Rituximab", "Venetoclax+Rituximab",
"Idelalisib+Bendamustine+Rituximab", "Idelalisib+Rituximab", "Ibrutinib",
"Ublituximab+Ibrutinib"),
t2 = ¢("Ofatumumab", "Ofatumumab", "Ofatumumab",
"Rituximab", "Bendamustine+Rituximab", "Bendamustine+Rituximab",
"Bendamustine+Rituximab", "Rituximab", "Ibrutinib+Rituximab", "Ibrutinib"),
Inpfshr = ¢(-1.34707364796661, -0.653926467406664, -
2.26336437984076, -1.71479842809193, -1.59454929994035, -1.77195684193188, -
1.10866262452161, -1.89711998488588, 0.150142658429719, -
0.581605805827038),
selnpfshr = ¢(0.183812794578587, 0.149217754061151,
0.180294089952991, 0.274525365514299, 0.155552441740024,
0.197242318426909, 0.144212706390322, 0.319582389922288,

0.378985732075359, 0.484490089563701))
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6. Obtain and visualize the M matrix

“discomb” is a ready-made function in package “netmeta”. You also can create
the B and C matrices to obtain the M matrix as in our article, if “discomb’ cannot

work for your data.

## Create the M matrix
disEx1 = discomb(Inpfshr, selnpfshr, t1, t2, id, reference.group = "Ofatumumab",
sm="md", data = Ex1)

M1 <- disEx1$X.matrix

# Abbreviate the names of components

colnames(M1) <- substr(colnames(M1), start = 1, stop = 3)

# Visualize the M matrix
DrawGraph(M1)

title("Visualization of the M matrix\n(Example 1)")

# Obtain the M.F and M.FB matrices
M.F <- GaussElimination(M 1, Twoside = F)$M.new

M.FB <- GaussElimination(M 1, Twoside = T)$M.new

# Visualize the M.F and M.FB matrices
DrawGraph(M.F)

title("Visualization of the M.F matrix\n(Example 1)")
DrawGraph(M.FB)

title("Visualization of the M.FB matrix\n(Example 1)")
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7. How to add interaction

We will use Example 2 to show how to add an interaction to our graph.

## Example 2: Hypothetical data
Ex2 <- data.frame(id =c¢(1,2,5,7,12,3,4,6,8,9, 10),
trtl =c("Laser", "Debridement+Periochip",
"Air abrasive" , "Debridement" , "Debridement+Antibiotics" , "Debridement" ,
"Vector+Chlorhexidine" , "Vector" , "Debridement" , "Laser" ,
"Laser+Chlorhexidine"),
trt2 = c("Debridement" , "Debridement" ,

"Debridement+Chlorhexidine" , "Debridement+Antibiotics" ,
"Debridement+Photodynamic" , "Vector" , "Debridement+Chlorhexidine" ,
"Debridement" , "Antibiotics" , "Laser+Antibiotics" , "Laser+Antibiotics"),

meanl =¢(0.7,2.18, 0.4, 0.56, 0.19, 0, 0.8, 0, 0.9, 0.19, 0),

sdl =c¢(1.56,1.2,0.7,0.3,1.19, 1.39, 0.5, 1.99, 1.99, 1.89, 0.61),

nl =c(16, 30, 15, 14,20, 17,21, 11, 13, 37, 14),

mean2 =¢(0.6, 1.69, 0.5, 1.17, 0.16, 0.4, 0.9, -0.1, 0.7, 0.34, 0.3),

sd2 =c¢(2.51,1.07,0.8,0.27, 1.3, 1.22, 0.8, 3.3, 1.15, 1.75, 1.13),

n2 =c(14, 26, 15, 14, 20, 14, 21, 11, 14, 58, 16),

mean = ¢(0.1, 0.49, -0.1, -0.61, 0.03, -0.4, -0.1, 0.1, 0.2, -0.15, -
0.3),

se = ¢(0.775955632015866, 0.303372074167375,
0.274469184669852, 0.107868968131313, 0.394087553723789,
0.469006638429304, 0.205866345916355, 1.16189891596003, 0.631733616833363,

0.386451765918043, 0.326166861328019))

## Obtain the M matrix
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disEx2 = discomb(mean, se, trtl, trt2, id, reference.group = "Antibiotics",

sm="md", data = Ex2)

## Add the interaction "Debridement*Chlorhexidine" ####

B2 <- disEx2$B.matrix

C2 <- disEx2$C.matrix

C2.int <- cbind(C2,int = C2[,"Debridement"]==1 & C2[,"Chlorhexidine"]==1)

M2.int <- B2 %*% C2.int

# Abbreviate the names of components

colnames(M2.int) <- substr(colnames(M2.int), start = 1, stop = 3)

When we add the interaction to the model, the M matrix is:
Air Ant Chl Deb Las Per Pho Vec intpep«cu
id1 0 0 0 1 -1 0 0 0 0
id 2 0 0 0 0 0 -1 0 0 0
id 5 1 0o -1 -1 0 0 0 0 -1
id7 0 -1 o0 0 0 0 0 0 0
Mo = id12 0 1 0 0 0 0 -1 0 0
int .
id 3 0 0 0 1 0 0 0 -1 0
id 4 0 0 0 1 0 0 0 -1 1
id 6 0 0 0 1 0 0 0 -1 0
id 8 0 1 0 -1 0 0 0 0 0
id9 0 -1 0 0 0 0 0 0 0
id10 0 1 -1 0 0 0 0 0 0
, and the rank of M ;,; s 9.

# Visualize the M matrix
DrawGraph(M2.int)

title("Visualization of the M matrix\n(Example 2 with interaction)")

# Obtain the M.F and M.FB matrices

76

doi:10.6342/NTU202300882



M.F <- GaussElimination(M2.int, Twoside = F)$M.new

M.FB <- GaussElimination(M2.int, Twoside = T)$M.new

# Visualize the M.F and M.FB matrices

DrawGraph(M.F)

title("Visualization of the M.F matrix\n(Example 2 with interaction)")
DrawGraph(M.FB)

title("Visualization of the M.FB matrix\n(Example 2 with interaction)")
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Visualization of the M matrix
(Example 2 with interaction)

LD

@
-

Figure S1. The visualization of M, in Example 2.
The M, matrix is the M matrix with the addition of an interaction between

Debridement(Deb) and Chlorhexidine(Chl).

The difference between Figure 8b and Figure S1 is the node ‘int’ and the arrow
corresponding to the interaction. The rank of the M ;,,; matrix is equal to the number
of components (8+1, an interaction could be seen as a new component). Thus, the

graph shows that all components including the interaction are identifiable.
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Part B: Dataset for Example 1

chronic lymphocytic leukemia.

The data was extracted from a published network meta-analysis which assessed treatment effects of novel targeted agents for treatment of

id n tl t2 Inpfshr selnpfshr
2 261 (174/87) Idelalisib+Ofatumumab Ofatumumab -1.34707 | 0.183813
3 319 (160/159) Duvelisib Ofatumumab -0.65393 | 0.149218
1 389 (195/196) Ibrutinib Ofatumumab -2.26336 | 0.180294
7 160(106/54) Ibrutinib Rituximab -1.7148 | 0.274525
4 578 (289/289) Ibrutinib+Bendamustine+Rituximab | Bendamustine+Rituximab | -1.59455 | 0.155552
5 389 (194/195) Venetoclax+Rituximab Bendamustine+Rituximab | -1.77196 | 0.197242
6 416 (207/209) Idelalisib+Bendamustine+Rituximab | Bendamustine+Rituximab | -1.10866 | 0.144213
8 220 (110/110) Idelalisib+Rituximab Rituximab -1.89712 | 0.319582
9 208 (104/104) Ibrutinib Ibrutinib+Rituximab 0.150143 | 0.378986
10 117 (59/58) Ublituximab-+Ibrutinib Ibrutinib -0.58161 | 0.48449
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Part C: Dataset for Example 2

This example's treatments and components were taken from a published study of non-surgical peri-implantitis therapies, but the treatment

effects are hypothetical. The data was extracted from a published network meta-analysis which assesses treatment effects of novel targeted

agents for the treatment of chronic lymphocytic leukemia.

id

trtl

trt2

doi:10.6342/NTU202300882

meanl | sdl nl mean2 | sd2 n2 mean se

1 Laser Debridement 0.7 1.56 16 0.6 2.51 14 0.1 0.775956
2 | Debridement+Periochip | Debridement 2.18 1.2 30 1.69 1.07 26 0.49 0.303372

Air_abrasive Debridement+Chlorhexidine | 0.4 0.7 15 0.5 0.8 15 -0.1 0.274469
7 Debridement Debridement+Antibiotics 0.56 0.3 14 1.17 0.27 14 -0.61 0.107869
12 | Debridement+Antibiotics | Debridement+Photodynamic | 0.19 1.19 20 0.16 1.3 20 0.03 0.394088
3 Debridement Vector 0 1.39 17 0.4 1.22 14 -0.4 0.469007
4 | Vector+Chlorhexidine Debridement+Chlorhexidine | 0.8 0.5 21 0.9 0.8 21 -0.1 0.205866
6 | Vector Debridement 0 1.99 11 -0.1 33 11 0.1 1.161899
8 | Debridement Antibiotics 0.9 1.99 13 0.7 1.15 14 0.2 0.631734
9 | Laser Laser+Antibiotics 0.19 1.89 37 0.34 1.75 58 -0.15 0.386452
10 | Laser+Chlorhexidine Laser+Antibiotics 0 0.61 14 0.3 1.13 16 -0.3 0.326167
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