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ABSTRACT

Objective. Primary Sjögren’s syndrome 
(pSS) is a complex chronic systemic dis-
order, for which specific and effective 
therapeutic interventions are still lack-
ing. In this era of precision medicine, 
there is a clear need for a better defini-
tion of disease phenotypes to foster the 
research of novel specific biomarkers 
and new therapeutic targets.
The main objectives of this work are: 
1) to compare Auto Contractive Map 
(AutoCM), a data mining tool based 
on an artificial neural network (ANN) 
versus conventional Principal Compo-
nent Analysis (PCA) in discriminating 
different pSS subsets and 2) to specifi-
cally focus on variables predictive of 
MALT-NHL development, assessing the 
previsional gain of the predictive mod-
els developed.
Methods. Out of a historic cohort of 
850 patients, we selected 542 cases of 
pSS fulfilling the AECG criteria 2002. 
Thirty-seven variables were analysed 
including: patient demographics, glan-
dular symptoms, systemic features, bio-
logical abnormalities and MALT-NHLs. 
AutoCM was used to compute the asso-
ciation of strength of each variable with 
all other variables in the dataset. PCA 
was applied to the same data set.
Results. Both PCA and AutoCM con-
firmed the associations between auto-
antibody positivity and several pSS 
clinical manifestations, highlighting 
the importance of serological biomark-
ers in pSS phenotyping. However, Au-
toCM allowed us to clearly distinguish 
pSS patients presenting with predomi-
nant glandular manifestations and no 
or mild extra-glandular features from 
those with a more severe clinical pres-
entation. Out of 542 patients, we had 
27 cases of MALT-NHLs. The AutoCM 
highlighted that, besides other tradi-
tional lymphoproliferative risk factors 
(i.e. salivary gland enlargement, low 
C4, leukocytopenia, cryoglobulins, 

monoclonal gammopathy, disease du-
ration), rheumatoid factor was strongly 
associated to MALT-NHLs develop-
ment. By applying data mining analysis, 
we obtained a predictive model charac-
terised by a sensitivity of 92.5% and a 
specificity of 98%. If we restricted the 
analysis to the seven most significant 
variables, the sensitivity of the model 
was 96.2% and its specificity 96%.
Conclusion. Our study has shed new 
light on the possibility of using novel 
tools to extract hidden, previously 
unknown and potentially useful infor-
mation in complex diseases like pSS, 
facing the challenge of disease pheno-
typing as a prerequisite for discover-
ing novel specific biomarkers and new 
therapeutic targets. 

Introduction

Primary Sjögren’s syndrome (pSS) is 
a complex and chronic disorder that 
typically involves salivary and lachry-
mal glands leading to their chronic in-
flammation and dysfunction (1, 2). The 
disease may also affect any other organ 
and system, ultimately causing disabil-
ity and impairment of quality of life (3). 
In a minority of cases lymphoprolifera-
tive complications may also occur with 
mucosa-associated lymphoid tissue 
(MALT) lymphoma of salivary glands 
being the most frequent haematologi-
cal type of non-Hodgkin’s lymphoma 
(NHL) detected (4). The heterogene-
ous clinical presentation of the disease 
is paralleled by a significant diversity 
in pSS serological manifestations and 
histopathology patterns (5, 6). 
In this scenario, the current “one-size 
fits-all” medical approach based on a 
combination of symptomatic drugs and, 
eventually, steroid or other conventional 
immunosuppressants, leaves open sev-
eral unmet needs. Unsatisfactory control 
of dryness and progression of glandular 
dysfunction, systemic damage accrual 
and prevention of NHL development 
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are still some of the most relevant key 
issues in pSS treatment (7, 8).
To overcome these limitations, there is 
a clear need of a better definition of dis-
ease phenotypes in order to move from 
phenotypes to endotypes and foster the 
research of novel specific biomarkers 
and new therapeutic targets.
Traditional statistical approaches have 
suggested some important associations 
among clinical and serological vari-
ables in pSS (9, 10); however, common 
algorithms of linear projections of vari-
ables, including principal component 
analysis (PCA), require a Gaussian 
distribution of data and seem to have 
limited power when the relationships 
between variables are non-linear.
In this era of precision medicine, based 
on patient individual clinical and se-
rological features, behaviour, habits, 
comorbidities and genetic background 
and a better stratification of disease 
subsets is mandatory as prerequisite 
for opening new avenues towards indi-
vidualised treatment in heterogeneous 
diseases such as pSS.
In this paper, therefore, to approach this 
complex situation we compared con-
ventional statistical analysis (Principal 
Component Analysis) with a new meth-
odology based on an Artificial Neural 
Network (ANN) architecture, the Auto 
Contractive Map (AutoCM) (11-13). 
This method of data mining is a new an-
alytical process able to create a semantic 
connectivity map in which non-linear 
associations are preserved, connections 
schemes are explicated and the com-
plex dynamics of adaptive interactions 
is captured. The AutoCM approach has 
been applied in recent years to the anal-
ysis of a growing number of different 
clinical diseases, demonstrating its val-
ue in identifying significant associations 
between clinical, serological and novel 
“omics” biomarkers (14-19). 
In this study, by using AutoCM analysis 
we specifically aimed at concomitantly 
exploring simultaneous pathways, hid-
den trends or non-linear associations 
among clinical and serological pSS 
disease features, in order to generate 
prototypical variable profiles able to 
discriminate between different disease 
phenotypes. Moreover, we specifically 
focused on variables predictive of the 

risk of salivary MALT-NHL, assessing 
the previsional gain of the predictive 
models developed.

Patients and methods
This study included patients with pSS 
from a large historic single centre co-
hort followed at the Rheumatology 
Unit of the University of Pisa, Italy. To 
be included, patients should have a di-
agnosis of pSS made according to the 
AECG criteria 2002 (20). 
Thirty-seven variables were analysed 
including: patients demographics, glan-
dular symptoms, systemic features, 
MALT-NHLs and biological abnormal-
ities; the latter included: haematologi-
cal manifestations, C3/C4 levels, hy-
pergammaglobulinaemia and disease-
related autoantibodies (i.e. antinuclear 
antibodies, anti-Ro/SSA, anti-La/SSB, 
rheumatoid factor and cryoglobulins). 
In the analysis fibromyalgia and auto-
immune thyroiditis were considered as 
comorbidities.
The study received the local ethics com-
mittee approval and was conducted ac-
cording to the Declaration of Helsinki.

Statistical analysis
AutoCM, a data mining tool based on 
an artificial neural network (ANN) 
was used to compute the association 
of strength of each variable with all 
other variables in the dataset (i.e. in 
terms of many-to-many rather than 
dyadic associations). The architecture 
and mathematics of AutoCM are de-
scribed elsewhere (11). Association 
strength across all variables were visu-
alised by the concept of “closeness”. In 
other words, variables whose connec-
tion weights were higher get relatively 
nearer and vice versa. By applying a 
minimum spanning tree to the matrix 
of distances, a graph, named “semantic 
connectivity map (SCM),” was gener-
ated, allowing a visual mapping of the 
complex web of connection schemes 
among variables. 
A principal component analysis (PCA) 
of 1st-2nd component was applied to the 
same data set to compare AutoCM with 
a conventional statistical approach. 
Results of PCA represent a benchmark 
for the adaptive data mining based on 
ANN. After analysis of the variance 

explained by all the components, the 
first two components which explain 
maximum amount of variance (20%) 
were selected.

MALT-NHL prediction model
We used a pre-processing step based on 
traditional descriptive statistics to se-
lect variables differentiating the 27 pa-
tients who developed MALT-NHL from 
the 515 patients who did not. Two sub-
sets were created, the first with 15 vari-
ables with p-value ranging from 0.1 to 
<0.01 and the second with 7 variables, 
all with p-value <0.01. Being the two 
subset highly imbalanced in numerical 
terms, in order to avoid a polarisation 
of the model toward non MALT-NHL 
patients, we extract randomly 100 
non MALT – NHL to be used with 27 
MALT-NHL in the modelling. Auto-
CM system was applied of the trans-
posed matrix having records treated as 
variables. The ratio of cumulative num-
ber of correct links over incorrect links 
among records belonging to the MALT-
NHL sub set was taken as sensitivity, 
and the ratio of cumulative number of 
correct links over incorrect links among 
records belonging to the Non MALT-
NHL sub set was taken as specificity.

Results

The historic pSS cohort of the Univer-
sity of Pisa includes 850 patients fol-
lowed since 1980s. Out of them we se-
lected 542 cases to avoid missing data. 
Table I summarises the demographic 
and serological data of the patients in-
cluded in the study.

Nonlinear and simultaneous pathways 
between clinical manifestations, 
serological abnormalities and 
comorbidities in pSS
Figure 1 shows a “semantic connectivi-
ty map” (SCM) performed by AutoCM 
analysis for all the variables. The SCM 
describes some significant correlations 
between pSS clinical manifestations, 
serological abnormalities, patients’ 
demographics, and comorbidities pro-
viding insights into disease different 
phenotypes. 
First of all, the SCM confirmed the as-
sociations between auto-antibody posi-
tivity and several pSS clinical manifes-
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tations highlighting the importance of 
serological biomarkers in pSS subtyp-
ing. 

From this perspective cryoglobulins were 
strongly associated with pSS vasculitic 
manifestations (i.e. purpura) whereas an-

ti-Ro/SSA positivity was more strongly 
connected to pSS non-vasculitic extra-
glandular manifestations. 
The two hubs of the SCM were repre-
sented by the anti-Ro/SSA antibodies 
and rheumatoid factor (RF), respec-
tively. In fact, anti-Ro/SSA, RF, antinu-
clear antibodies (ANA), anti-Ro/SSB 
and hypergammaglobulinaemia were 
clearly significantly inter-connected 
among them. 
Anti-Ro/SSA antibodies acted as hub 
on two main branches. The first one 
connected anti-Ro/SSA to ANA, xero-
phtalmia and xerostomia. This branch 
well distinguished pSS patients pre-
senting with predominant glandular 
manifestations and no or mild extra-
glandular features from those with a 
more “systemic” clinical presentation. 
Xerophtalmia was in turn connected 
with the ocular tests whereas xerosto-
mia was linked to the variable “patients’ 
age older than 60 years”, highlighting 
the relationship between the dryness of 
the mouth and patients’ aging. More-
over, ANA positivity was also associ-
ated with the axis fatigue-fibromyalgia 
with the latter strongly inter-connected 
one to each other, suggesting a pathoge-
netic link between them.

Table I. Patients’ demographics, clinical and serological features.

Variables 

Sex  524:18
Age (mean±SD), yrs 59 ± 14
Disease duration (mean±SD), yrs 7 ± 8
Xerostomia 517/542 (95.4%)
Xerophtalmia 522/542 (96.3%)
Salivary gland enlargement (SGE) 154/542 (28.4%)
Ocular tests positive 503/542 (92.8%)
Arthralgias 271/542 (50%)
Purpura 42/542 (7.7%)
Raynaud’s phenomenon 161/542 (29.7%)
Lymph nodes 125/542 (23.1%)
Glomerulonephritis 14/542 (2.6%)
Interstitial lung disease 64/542 (11.8%)
Peripheral nervous system 22/542 (4.1%)
Central nervous system 15/542 (2.8%)
MALT NHLs 27/542 (5%)
Fibromyalgia 271/542 (50%)
Fatigue 383/542 (70.7%)
Thyroiditis 163/542 (30.1%)
Low C3 99/542 (18.3%)
Low C4 65/542 (12%)
Leukocytopenia 121/542 (22.3%)
Hypergammaglobulinaemia 254/452 (46.9%)
Clonal gammopathy 44/542 (8.1%)
Antinuclear antibodies 497/542 (92%)
Anti-Ro/SSA 372/542 (68.6%)
Anti-La/SSB 158/542 (29.2%)
Rheumatoid factor 261/542 (48.2%)
Cryoglobulins 15/542 (2.8%)

Fig. 1. Semantic Connectivity Map of variables on study with Auto-CM neural network.
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By contrast, the second branch connect-
ed anti-Ro/SSA to hypergammaglob-
ulinaemia and to a diverse spectrum 
of extra-glandular manifestations that 
included: lymphadenopathy, Raynaud 
phenomenon and lung interstitial dis-
ease. Noteworthy, patients included in 
this subgroup were apparently young-
er: in particular, the variable “patients’ 
age younger than 40 years” was strong-
ly associated to lymphadenopathy .
When compared to anti-Ro/SSA, RF 
acted as a hub for a diverse subset of 
pSS characterised by salivary gland en-

largement, leukocytopenia, low C3/ C4, 
purpura, cryoglobulins vascultis mani-
festations (i.e. peripheral neuropathy, 
glomerulonephritis) and MALT-NHL. 
This branch, therefore, clearly distin-
guished pSS patients with vasculitic 
manifestations at higher risk for lym-
phoproliferative complications from 
those with non-vasculitic extra-glandu-
lar features. 
MALT-NHL was placed at the end 
of a direct path starting with RF and 
passing through leukocytopenia low 
C3 and low C4. Other traditional lym-

phoproliferative risk factors like sali-
vary gland enlargement, cryoglobulins, 
purpura and monoclonal gammopathy 
were close but remained in the back-
ground. Finally, lymphoproliferative 
complications and vasculitic manifes-
tations appeared also close to the vari-
able “disease duration longer than ten 
years” reinforcing the relationship be-
tween MALT-NHL and “time factor”.

PCA analysis
The results of PCA represent a bench-
mark for the adaptive data mining based 
on ANN (Fig. 2, 3, 4). Figure 3 displays 
the first two components which explain 
only the 20% of the variance. When 
compared to ANN, the relationship 
between serological and clinical mani-
festations of pSS appears more difficult 
to understand in PCA. In addition, the 
vast majority of pSS manifestations are 
grouped together making it difficult to 
read the labels of single variables. Se-
rological features and pSS biohumoral 
abnormalities still correlate with each 
other; however, PCA do not distin-
guish different disease subgroups par-
ticularly, patients with more prominent 
glandular manifestations from those 
presenting systemic features. In fact, 
MALT-NHL correlates with pSS-vas-
culitic manifestations, cryoglobulins 
low C4 and a longer disease duration. 
However, the spatial closeness between 
salivary MALT-NHL, RF and salivary 
gland swelling cannot be drawn by 
PCA. Finally, the closeness between fi-
bromyalgia and fatigue highlighted by 
the AutoCM cannot be inferred from 
the PCA as well.

MALT-NHL prediction model
Focusing on MALT-NHL, out of 542 
patients, we had 27 MALT-NHLs. Pa-
rotid MALT-NHLs were detected in 
14 out of 27 patients. Seven other pa-
tients presented non-salivary MALT 
NHLs, mainly gastric lymphomas, but 
also splenic, brest, lung and hard pal-
ate NHLs. Six patients had a diffuse 
large B cell lymphoma. Table II sum-
marises the more important 15 clinico-
serological variables that differentiate 
patients who developed MALT-NHLs 
and patients who did not according to 
conventional statistics. Among them, 

Fig. 2. Variance explained by different factors of Principal component analysis (PCA).

Fig. 3. Principal component analysis (PCA): first and second component.
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7 were statistically significant whereas 
8 showed a trend but were not statisti-
cally different between the two groups. 
When we applied the data mining anal-
ysis by using all the 15 variables we ob-
tained a predictive model characterised 
by a sensitivity of 92.5% and a specific-
ity of 98% (Fig. 5). If we restricted the 
analysis to the seven most significant 
variables (i.e. disease duration, age, RF, 
salivary gland enlargement, low C4, 
clonal gammopathy, and lymphadenop-
athy) the sensitivity of the model was 
96.2% and its specificity 96% (Fig. 6).

Discussion

In this study we compared conven-
tional PCA to AutoCM, a novel 4th gen-

eration unsupervised ANN approach to 
define the association strength between 
demographic and clinico-serological 
disease manifestations in a large cohort 
of pSS patients. 
We found that both PCA analysis and 
AutoCM agreed on indicating the 
presence of a significant association 
between some of the pSS autoanti-
bodies specificities and the type of 
organ involvement observed. Cryo-
globulins were for example, not sur-
prisingly, strongly associated to pSS 
vasculitic manifestations (i.e. purpura) 
(21). Similarly, anti-Ro-SSA antibod-
ies were associated with hypergam-
maglobulinaemia, lymphadenopathy 
and lung involvement (22). Moreover, 

we also confirmed some of the previ-
ous acquisition regarding the temporal 
appearance of pSS clinical manifesta-
tions during the natural history of the 
disease: we observed for example that 
“vasculitic” features tended to appear 
later whereas peri-epithelitic organ in-
volvement (i.e. lung interstitial disease) 
might be detected earlier during the dis-
ease course (23). 
However, PCA has limits in the graphi-
cal representations as shown by the 
different mapping obtained in the first 
and second versus the third and fourth 
component analysis. By contrast, Au-
toCM overcomes some of the PCA 
well-known limitations (i.e. dealing 
with non linear data, not immediately 
evident graphical representations, etc.), 
allowing us to easily distinguish at the 
first glance three different phenotypes 
in our cohort, that resulted from the si-
multaneous combination of all the clini-
cal, demographic and biohumoral vari-
ables, centred around two main hubs: 
the positivity for anti-Ro/SSA antibod-
ies and for RF.
The first subset was represented by 
patient presenting with predominant 
glandular manifestations and none/mild 
extra-glandular features. These patients 
tended to be older and to present co-
morbidities including fibromyalgia. 
The direct axis fibromyalgia/fatigue 
per se might encourage future research 
lines aimed at clarifying the complex 
relationship between these two entities 
(24, 25).
The second subset was represented by 
anti-Ro/SSA positive patients present-
ing a spectrum of classical symptoms 
that reminded to the “area” of connec-
tive tissue diseases (i.e. systemic lupus 
erythematosus) including: Raynaud 
phenomenon, lymphadenopathy, hy-
pergammaglobulinaemia and intersti-
tial lung disease. These patients were 
intriguingly younger with the variable 
“age <40 years” strictly connected to 
the variable “lymphadenopathy”.
The third subset recognised as hub the 
positivity of RF and was represented 
by patients with “vasculitic manifes-
tations” and MALT-NHL lymphoma. 
The analysis of this part of the SCM 
was particularly of interest. Although 
the variable “MALT-NHL” appeared 

Fig. 4. Principal component analysis: third and fourth component.

Table II. Prevalence of demographic and clinic-serological features in patients with and 
without NHLs.

 pSS without NHL (515) pSS with NHL (27)
 
Variable prevalence lower upper prevalence lower upper p-value
  CI 95% CI 95%  CI 95% CI 95% 

Age >60 44.9 40.6 49.1 22.2 6.5 37.9 <0.01
Disease duration <5  48.3 44 52.7 25.9 9.4 42.5 <0.01
SGE 26.0 22.2 29.8 74.1 57.5 90.6 <0.01
Purpura 7.0 4.8 9.2 22.2 6.5 37.9 ns
Lymphadenopathy 21.6 18.0 25.1 51.9 33.0 70.7 <0.01
Kidney 2.1 0.9 3.4 11.1 0 23.0 ns
Lung 11.1 8.4 13.8 25.9 9.4 42.5 ns
pns 3.5 1.9 5.1 14.8 1.4 28.2 ns
low C4 10.5 7.8 13.1 40.7 22.2 59.3 <0.01
Leukocytopenia 21.4 17.8 24.9 40.7 22.2 59.3 ns
Hypergamma 46 41.7 50.3 63 44.7 81.2 ns
Clonal component 7.4 5.1 9.6 22.2 6.5 37.9 <0.01
RF 47 42.7 51.3 70.4 53.1 87.6 <0.01
Cryoglobulins 2.3 1.0 3.6 11.1 0 23 ns
Thyroiditis 30.9 26.9 34.9 14.8 1.4 28.2 ns
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spatially close to traditional risk fac-
tors such as salivary gland enlarge-
ment, cryoglobulins, clonal compo-
nent and pSS-“vasculitic” manifesta-
tions (4, 26-28), nonetheless, the SCM 
showed a stronger association between 
MALT-NHLs, RF and other bioumoral 
abnormalities including leukocytope-
nia and low C4 levels. These findings 
did not emerge from PCA. By contrast, 
AutoCM placed the accent on the role 
of RF as a risk factor for lymphoma 
development, pushing into the back-
ground other traditional MALT-NHL 
predictors and mainly vasculitic mani-
festations.
Regarding the relationship between 
RF and parotid MALT-NHLs, our re-

sults are in line with those from Noc-
turne et al. (29) and Fragkioudaki et 
al. (30). Nocturne et al. (29), in their 
paper, highlighted the independent role 
of RF as a new predictive factor of lym-
phoma occurrence in 101 pSS patients. 
Noteworthy, in their series 43 out of 
101 cases were represented by sali-
vary MALT-NHLs. We confirmed the 
association between RF and salivary 
MALT-NHLs and demonstrated that RF 
when combined with other previously 
known risk factors (i.e. salivary gland 
enlargement, low C4, clonal gammopa-
thy, lymphadenopathy) might be able 
to predict MALT-NHLs development 
with a high sensitivity and specificity. 
Similarly, Fragkioudaki et al. (30) in a 

case-control study of 381 pSS patients 
and 92 pSS patients with concomitant 
NHL, identified RF and salivary gland 
enlargement as independent predictors 
for NHL development together with 
lymphadenopathy, Raynaud phenom-
enon, anti-Ro/SSA or/and anti-La/SSB 
autoantibodies, monoclonal gammopa-
thy, and low C4 levels.
Noteworthy, five out of the seven items 
proposed by Fragkioudaki et al. entered 
in our prediction model including not 
only RF but also salivary gland enlarge-
ment, lymphadenopathy, monoclonal 
gammopathy and low C4 levels. In ad-
dition, in our prediction model, we also 
confirmed the role of disease duration 
in lymphoproliferative complications, 
as previously shown by us and by other 
authors (23, 26, 28, 31). Overall, this 
model allowed us to predict lymphoma 
nearly in all cases.
To our knowledge, our study is the 
first one to have adopted AutoCM to 
face the challenge of disease phenotyp-
ing in pSS. From this perspective, pSS 
represents the ideal model to test the 
potentialities of ANNs in distinguish-
ing different patients’ subsets, given 
the clinical, serological and histologi-
cal complexity of the disease as well as 
its diversity in the long-term outcomes 
(32). Indeed, ANN have been criticised 
as being “black box with limited abil-
ity to explicitly identify possible causal 
relationship” (33). However, they have 
been as well recognised to offer a num-
ber of advantages with respect to logis-
tic regression in performing non-linear 
statistical modelling for systemic dis-
orders, in general, and particularly, in 
autoimmunity (34, 35). Moreover, au-
to-CM connections matrix, filtered by 
a minimum spanning tree algorithm, is 
a 4th generation ANN that has already 
proven its usefulness in patients’ phe-
notyping in several chronic heterogene-
ous conditions (15, 16, 18, 19)
This study was limited by several fac-
tors, including the fact that we restricted 
the analysis only to demographic, clini-
cal and laboratory variables. We could 
not include information on the infil-
trate composition of the minor salivary 
glands because some of the samples 
had been read using the Chisholm and 
Mason grading and not according to the 

Fig. 5. Mapping of the records with Auto-CM systems using 15 discriminant variables.

Fig. 6. Mapping of the records with Auto-CM systems using 7 discriminant variables.
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focus score (36). Moreover, none of the 
novel molecular or “omic biomarkers” 
or salivary gland ultrasonography find-
ings entered in the analysis. 
However, our results showed undoubt-
edly the potential of AutoCM for preci-
sion medicine when compared to con-
ventional statistical analysis. AutoCM 
analysing the non-linear relationship 
between the variables was able in our 
study to put emphasis on some associa-
tions with clear clinical implications. 
The possibility of distinguishing dif-
ferent disease phenotypes with diverse 
outcomes might open the avenue to ba-
sic research projects as well as to novel 
individualised therapeutic approaches. 
From the perspective of clinical trials, 
moreover AutoCM may allow to design 
novel study for homogenous subgroups 
with better defined clinical endpoints 
fostering the development of novel ef-
fective drugs. Last but not least a reli-
able risk estimation for MALT-NHLs 
could offer an important tool in primary 
and secondary prevention as it can be 
used to expedite appropriate therapeu-
tic intervention improving patients’ 
prognosis and quality of life. 
In conclusion, our study by comparing 
ANN analysis to PCA has shed new 
lights on the possibility of using novel 
tools to extract hidden, previously un-
known and potentially useful informa-
tion in a complex disease like pSS. 
The connections scheme evidenced by 
the Auto-CM system analysis suggest 
a novel comprehensive interpretation 
of pSS clinical complexity. The disap-
pointing results obtained with alterna-
tive data mining statistical methods 
such as principal component analy-
sis strengthen the idea that Auto-CM, 
thanks to its new sophisticated math-
ematics, could become, in the future, a 
reference approach to better understand 
the secrets of this disease. Proper fur-
ther studies will reveal if this approach 
may be relevant also in actual clinical 
practice to improve the pertinence of 
medical interventions for management.
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