
Supplementary Data The detail of the strategy used to find the gene signature that 
discriminates sporadic from post-radiotherapy induced thyroid tumors 
 
 
The thyroid tumors were split into 2 sets: a learning/training set, used to search for 
the molecular signature, which comprised 7 rFTAs, 7 sFTAs, 7 rPTCs and 7 sPTCs, 
and a testing set that comprised the remaining 29 tumors (16 FTAs and 13 PTCs as 
testing tumors), used for blind classification. At the time of the blind classification, the 
tumor histology was known, but not any history of radiation exposure. 
 
The method for classifying the etiology comprised the following four steps: 
1) a learning step, based on a classification Expectation-Maximization algorithm, to 
select sets of candidate genes whose expression discriminates between the two 
subgroups (Daino et al., 2009) 
2) a training step to select from the sets of candidate genes those with the highest 
potential to classify training tumors correctly (Dudoit et al., 2002) 
3) the compilation of a unique discriminating set of genes and standardization of their 
expressions according to gene expression variability in the subgroups 
4) the blind classification, case-by-case, of testing tumors. 
 
1) Learning step 
Combinatorial matrices of 8 tumors (4 sFTAs or sPTCs out of the 14 sporadic cases 
versus 4 rFTAs or rPTCs out of the 14 radiation-induced cases) were built from the 
learning/training set of tumors, the 20 remaining tumors of each combinational matrix 
being used as training tumors. To avoid bias due to histology, each half-matrix (4 
sporadic or radiation-induced tumors) should include at least one tumor of each 
histology, either FTA or PTC. In the same way, to avoid bias due to tumor size and 
specifically to microcarcinomas, we split the tumors of the learning group in three 
categories: group size 1 < 25th percentile (12mm), group size 2 > 25th percentile and 
< 75th percentile (30mm) and group size 3 > 75th percentile. The distributions of 
tumor size in group size 2 are similar for sporadic and radiation-induced tumors 
whatever the histology PTC or FTA. To be considered, each half matrix should 
contain at least one tumor of group size 2 and should differ from the others by at 
least 50% in tumor composition. Considering these rules, we exclude any impact of 
size and of tumor aetiology in the signature. Finally, eighty one 8-tumor training 
matrices were considered. 
 
2) Training step 
Each training matrix was used to classify, by a two-step PCA method (see section 4: 
Blind classification by a two-step PCA method), the 20 remaining tumors from the 
respective combinatorial matrix (training tumors). Then, rules to select a matrix were 
applied so that at least one of the training tumors was well classified and none was 
misclassified, otherwise the matrix was discarded. This was done for each training 
matrix. The process continued if at least 90% of the training tumor classifications 
were validated by at least one of the training matrices. In these conditions, 10% of 
the tumors may not be validated, but none must be rejected by the retained training 
matrices. The training step selected 26 matrices able to classify at least one training 
tumor, without false classification. 
 
3) Compilation of a unique discriminating set of genes 



3.1) Compilation of the 26 selected training matrices e(1) to e(26) in a  matrix 
Let us define: 
a) The frequency of relevance F(i,j) of each gene (i) for each tumor (j) as the 
frequency at which the gene (i) and the tumor (j) are found together in a selected 
training matrix, weighted by the number of training tumors well classified by this 
training matrix, such that: 

  
where H represents the total number of selected training matrices, (ih) and (jh) 

represent the coordinates of a gene and of a tumor in a given training matrix 
(corresponding to the same gene and tumor indexed by (i) and (j) in the frequency F 
matrix). For each training matrix, g(ih,jh)= 1 or 0 depending on the gene and the 

h)=1 or 0 depending on the 
ell classified by the 

training matrix (h). 
 
b) The mean frequency of relevance F(i) of a gene was defined as: 

  
with P the total number of tumors in the learning set. 

 
The mean frequency of relevance F(i) of a gene was the frequency with which the 
gene participated successfully in the classification of the training tumors through all 
training matrices. 
 
c) The mean marginal frequency F(j) of a tumor is defined as: 

  
with N the total number of candidate genes considering all training matrices. 
 

The mean marginal frequency F(j) was the mean frequency with which any 
candidate gene successfully participated in the classification of the training tumors 
through all training matrices. 
 
d) The mean of F(j) is defined as: 

 
e) 

  
and 

  



where each selected training matrix eh, comprising in line (ih), the (nh) 
candidate genes, and in column (jh), the (ph) tumors. 

 
Each training matrix eh was then completed with the gene expressions of the 
remaining training tumors (tumors of the learning set absent from the considered 
training matrix) and of the 29 testing tumors, to ob h of L=57 tumors. 
 

h was then centered such that: 

  
 

 
All matrices Eh were compiled in a single matrix in which a member (i,j) represented 
the centered and normalized mean of the expression Eh (ih,jh) of this same gene Ih 
and of this same tumor jh in all matrices Eh: 

  
with i and j, the respective coordinates of a gene and of a tumor in  and ih,jh, 

the respective coordinates of the same gene and of the same tumor in Eh. 
  
Among the 974 genes belonging to the  matrix, we finally retained for the final 
signature in a 
with a limit of mF+2vF. This limit corresponded, in the present analysis, to a p=0.001 
limit for which a gene did not randomly classify a tumor. Then, the relevance of the 
322 genes of the final signature was proved by blind classification of the 29 testing 
tumors by a two-step PCA method. 
 
4) Blind classification by a two-step PCA method 
The eigenvectors and eigenvalues were calculated for the considered matrix (either 
a training matrix or the  restricted to the learning tumors only . These vectors 
defined a new space maximizing specifically the asymmetry between the two groups 
of tumors R or S of the matrix. A new Cartesian coordinate system (classification 
space) was defined by projection of the matrix vector columns onto the ten 
eigenvectors with the largest eigenvalues. The classification either R or S of a new 
tumor was then realized by the location of its vector projected in the validation space, 
compared with the location of the vectors of the tumors of the two subgroups of the 
matrix considered. 
 
When taking into account more than three eigenvectors, to assess more precisely 
the distances between the vectors, we used a decision-making tool based on 
calculation of the root mean square (RMS). The RMS of a tumor (j), as a function of 
the barycenter of the subgroup g (g = R or S) in a given matrix, is defined as: 

th
g1 th

gN



 
For each tumor j of the considered matrix (either training or ), both 
RMSR(j)matrix and RMSS(j)matrix were calculated between the considered tumor j and 
the barycenters of the two tumor subgroups R and S of the matrix. To assign to the 
subgroup R or S a new tumor k that should be classified, the RMSR(k)class and 
RMSS(k)class were calculated between the tumor k and the barycenters R and S of 
the two tumor groups of the matrix. 
 
To assign the tumor k to a given etiological subgroup R or S, the RMSgiven-

subgroup(k)class of the tumor k must be lower than at least one RMSgiven-subgroup(j)matrix of 
given subgroup tumors, taking into account the RMSgiven-subgroup(j)matrix variance. 
 
The classification is valid if the tumor to be classified is correctly assigned and also 
no tumor of a given subgroup has an RMSgiven-subgroup(j)matrix greater than the 
RMSother-subgroup(j)matrix of one tumor of the other subgroup. 
 
The classification is considered neutral if the tumor to be classified is not assigned to 
a subgroup and no tumor of a given subgroup has an RMSgiven-subgroup(j)matrix greater 
than the RMSother-subgroup(j)matrix of one tumor of the other subgroup. 
 
The classification is rejected if the tumor to be classified is misclassified, or if any 
tumor of a given subgroup has an RMSgiven-subgroup(j)matrix greater than the 
RMSother-subgroup(j)matrix of one tumor of the other subgroup. 
 


