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Summary

The prediction of lymph node involvement represents an im-
portant task which could reduce unnecessary surgery and 
improve the definition of oncological therapies. An artificial 
intelligence model able to predict it in pre-operative phase 
requires the interface among multiple data structures. The 
trade-off among time consuming, expensive and invasive 
methodologies is emerging in experimental setups exploited 
for the analysis of sentinel lymph nodes, where machine 
learning algorithms represent a key ingredient in recorded 
data elaboration. The accuracy required for clinical appli-

cations is obtainable matching different kind of data. Sta-
tistical associations of prognostic factors with symptoms 
and predictive models implemented also through on-line 
softwares represent useful diagnostic support tools which 
translate into patients quality of life improvement and costs 
reduction.
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 Early stage cancer detection represents a cru-
cial step to prevent cells diffusion in metastatic 
processes. This status recognition is implemented 
clinically and radiologically.
 An example of this kind is referred to lymph 
nodes in breast cancer, whose positive status shows 
a non-lethal metastatic diffusion, usually treated 
through dissection or biopsy [1]. A metastatic 
lymph node can present various characteristics 
such as dimensional increase, morphological vari-
ation, increase in cortical thickness and vasculari-
zation, lack of visualization or displacement of the 

hilum, characteristics often detectable by clinical 
or ultrasound examinations [2]. The sensitivity and 
specificity of this type of evaluation is not absolute. 
In fact, in the absence of lymph node abnormalities 
detectable on clinical examination or imaging, the 
guidelines suggest in any case of malignant breast 
lesions the removal of the first axillary draining 
lymph nodes. This is worked out via injecting a 
radionuclide that allows the lymph nodes localiza-
tion and their removal before and during surgery 
with sentinel node and occult lesion localization 
(SNOLL) technique. These lymph nodes, named as 
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sentinel lymph nodes, are inspected according to 
an intra-operative pathology exam, known as one-
step nucleic acid amplification (OSNA), with range 
87.5-100% for sensitivity and specificity in 90.5-
100% [3], whose result may mismatch with the ra-
diological one. Although the one-step nucleic acid 
amplification is time consuming and expensive, it 
is still the intra-operative exam endowed with the 
best performance, even though the elastic scatter-
ing spectroscopy achieves the same accuracy. Lat-
est developments benefit from a two-stage partially 
supervised image classification model applied to 
recorded optical spectra [4]. These methods, due to 
the relatively high costs and the necessary multi-
specialist commitment, although more reliable 
than the clinical and ultrasound examination, must 
be limited to actually negative cases: the clinical-
ultrasound doubts should in fact be resolved before 
surgery by means of a withdrawal with a needle 
thus further selecting the cases to be sent directly 
to axillary dissection or to SNOLL. However, it is 
not always possible to arrive at surgery without 
diagnostic doubts and therefore the natural need 
for decision support emerges which could provide 
further assessments through artificial intelligence 
techniques [4]. This article aimed at providing a 
concise overview of current data science approach-
es in statistical and predictive models used for 
lymph node status detection in pre-operative stage.
 The usefulness of a decision support system 
emerges therefore accordingly as a data elaboration 
system able to exploit information available from 
retrospective cases and then to compare learned 
structures with current cases. If it is endowed with 
a high sensitivity and specificity, it can alleviate 
both surgery activity and medical responsibility. 
In medical purposes such utilities can be broadcast 
more generally as patient safety, quality of care and 
healthcare delivery efficiency.
 Joint analysis of different kind of data is the 
fingerprint of nowadays artificial intelligence. This 
is the data science approach to biological exam-
ples like lymphangiogenesis, whose mechanism in-
cludes the interaction between vessel remodelling, 
caused by the tumour mass, and biomarker indica-
tors variation. The enlargement of lymph nodes is 
strictly related with such a condition, thus yielding 
the enhancement of growth factors, whose accurate 
recognition could lead to significant improvements 
in diagnosis and therapeutic approaches in differ-
ent types of tumour [5]. Concerning lymph nodes, a 
clinical decision support system (CDSS) is required 
to avoid expansive and invasive procedures, such 
as OSNA: a CDSS with a high sensitivity allows a 
surgeon to directly eradicate axillary lymph nodes 
during the breast cancer dissection surgery.

 A first class of algorithmic procedures aims 
at characterizing statistical associations among 
prognostic factors and symptoms. A set of features 
potentially endowed of information useful for the 
problem has to be identified to train a decision sup-
port system. In the scientific literature the status 
of lymph nodes associated with a surgical protocol 
as dissection or biopsy is related with molecular 
subtypes consisting of the combination of hormone 
receptors (HRs: ER and PgR), proliferation marker 
(Ki67) and human epidermal growth factor receptor 
2 (HER2), as verified through statistical analysis 
based on univariate, multivariate logistic regres-
sion and regression trees [1]. Concerning the pre-
diction of sentinel lymph node status both luminal 
A (positive HRs, low Ki67, negative HER2) and tri-
ple negative (negative HRs, negative HER2) show 
a significant association with nodal negativity [1]. 
Moreover there are much more features identified 
using both statistically significant associations [1] 
and predictive models [6,7] which are exploited 
through the calculation of multivariate functions, 
assuming values playing the role of scores, as 
nomograms [2,6]. Recent literature studies propose 
a wide variety of artificial intelligence methods 
aimed at prediction of lymph nodal involvement, 
established through a probability associated with 
the occurrence of an event (e.g. positive/negative) 
for each sample cases. 
 According to aforementioned algorithmic 
methods some prognostic factors play a dominant 
role, such as age, primary tumour features (size, 
grade, type, location) and a vascular one (lym-
phovascular invasion) [6], the latter representing 
a promising interface with genomics [5]. Unfortu-
nately performances in the prediction of a positive 
lymph node, initially categorized as a false nega-
tive, are still not suffciently satisfying with regard 
to sensitivity and specificity. CancerMath [8] is a 
software on line which offers the possibility to es-
timate the probability of lymph node involvement 
as well as the others wider cancer survival analysis 
[9,10]. This score corresponds to the estimated prob-
ability to observe a positive sentinel lymph node. 
A primary importance is attributed to tumour size, 
weighted by prognostic factors such as age, HRs, 
tumour type and grade. Different databases were 
tested using on-line software to study their behav-
iour with respect to population variations [8-10]. 
The tumour survival probability estimation was 
less reliable in some subgroups, such as older pa-
tients [9,10], while the percentage of patients with 
positive lymph nodes (40.6%) in the southeast Asia 
sample (43.6%) was underestimated [8].
 Relations among different kinds of data play 
a fundamental role to overcome these limitations. 
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These multivariate statistical techniques are based 
on graphical models, as a matter of fact their struc-
ture intrinsically includes the interaction among 
schemes of multiple data elaboration. A multivari-
ate logistic regression analysis exploiting both 
biomarkers indices and data acquired by means 
of radiological or ultrasound images (lymph node 
diameter, cortex thickness) of clinically positive pa-
tients reaches a mean classification accuracy equal 
to 0.864 [2]. Genomic analyses of metastatic can-
cer reveal complex patterns of dissemination and 
understanding the complex interactions between 
tumour cells, the immune system and lymphat-
ics could be essential to develop therapeutic and 
prognostic approaches to cancer [5].
 Concluding, the common front of the scientific 
community is the development of support systems 
that make it possible to define models of personal-
ized medicine: for each patient, multiple data types 
are taken into account, such as the ones provided 
by histology, radiology and genomics. Indeed, the 
treatment of multifactorial or complex diseases, 
the category of the vast majority of tumours, is 
intrinsically related with the management of a in-
terplay effect among genetic, environmental and 
complex factors: their mutual optimization allows 
the definition of a targeted surgical and therapeu-
tic care plan which translates into the reduction 
of health care costs and the improvement of the 

quality of life of patients. The increase of sensitiv-
ity to lymph node metastases in cases of clinical-
radiological suspicion not supported by positive 
needle sampling could lead directly to axillary 
dissection, while reducing the use of SNOLL tech-
nique and related costs; moreover, the reduction of 
false positive cases could limit unnecessary axil-
lary lymph node dissections, sources of physical 
and psychological discomfort due to lymphedema 
consequences.
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