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eoadjuvant chemotherapy is a

well-consolidated and powerful

treatment for breast cancer that
is increasingly offered to patients with
locally advanced breast cancer (1,2). Its
use is mainly aimed at locally advanced
lesions, with the goal of downstaging
and size reduction. In addition, neo-
adjuvant chemotherapy can decrease
the tumor burden and facilitate breast
conservation in selected patients, with-
out substantial increases in local re-
currence. When effective, it may ren-
der resectable lesions that previously
could not be treated with conservative
surgery. Furthermore, the overall sur-
vival and recurrence-free survival rates
are the same as those for postopera-
tive chemotherapy, and it has shown
some promise as a prognostic marker
for patient outcome (3,4). In fact, only
a small percentage of patients who
achieve pathologic complete response
will develop disease recurrence and dis-
tant metastasis, including patients with
clinical stage IIIB cancer, premeno-
pausal status, and fewer than 10 lymph
nodes identified (5).

As observed by Chamming’s et al
(6) in this issue of Radiology, this ther-
apeutic approach has also shown some
limitations. Although achievement of
pathologic complete response in the
breast and axillary nodes is the ideal
outcome of neoadjuvant chemotherapy,
its efficacy is variable, with response
rates between 69% and 100%. In par-
ticular, recent studies have suggested
that it is the chemosensitivity and re-
sponsiveness of the tumor, more than
the timing of chemotherapy, that influ-
ences overall survival (3). Other fac-
tors, including the tumor genetic profile
and hormone receptor status, also play
an important role. In addition, neoad-
juvant chemotherapy, like all chemo-
therapy treatments, may have toxic side
effects, could delay other more effective
treatments, and has shown a potential

for favoring the development of a tumor
microenvironment of metastasis (2).
For these reasons, the monitoring of re-
sponse to neoadjuvant chemotherapy is
a relevant topic, especially in the initial
phases of treatment. Because genetic
characterization of breast lesions is ex-
pensive and time consuming, there is
increased interest in faster, less-expen-
sive, and less-invasive techniques that
may provide a risk stratification with
the potential to differentiate between
good and bad responders to neoadju-
vant chemotherapy.

As clearly stated by Chamming’s et
al (6), intratumoral heterogeneity is a
proven biomarker of poor prognosis,
and certain heterogeneity patterns may
be associated with cancer genetic pro-
files. Furthermore, intratumoral het-
erogeneity can be difficult to quantify
with traditional imaging tools, espe-
cially when a subjective assessment is
required.

Recent years have shown an in-
crease in the popularity of several
quantification methods applied to im-
aging techniques that attempt to solve
this problem. Many of these methods
fall under the definition of texture
analysis (7). In texture analysis, various
techniques are used to quantify lesion
heterogeneity and irregularity of tissue
components, based on statistical and
transform-based methods, by evaluat-
ing the relationships between voxel in-
tensity values in the image. There are
many in-house, free, or commercially
available software solutions that may be
used to conduct the required postpro-
cessing, such as the one indicated by
Chamming’s et al in their article.

Chamming’s et al chose the his-
togram analysis technique, which is
one of the more straightforward and
easily implementable texture analysis
methods. This technique has the ad-
vantage of requiring less processing
time when compared with higher-order
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texture analysis methods, and the value
of its derived parameters has been pre-
viously demonstrated (8). A possible
limitation is that, contrary to more ad-
vanced methods, the histogram-derived
parameters include no information on
the spatial distribution of the intensity
values. This may be a potentially via-
ble avenue for further research in the
field that may yield even more accurate
quantitative imaging biomarkers.

In particular, Chamming’s and col-
leagues studied tumor heterogeneity of
breast cancer at pretreatment magnetic
resonance (MR) imaging by extracting
several quantitative histogram-based
parameters and correlating them with
the pathologic response to neoadjuvant
chemotherapy and tumor histologic
features. Upon completing the univari-
able analysis, they found no significant
association between tumor type or
hormonal receptor expression and the
evaluated texture analysis parameters.
However, they did identify kurtosis as
an imaging biomarker that correlates
with pathologic complete response.
This value represents mathematically
the “peakedness” of the histogram of
pixel intensity value distribution and,
as reported by the authors, it is be-
lieved to reflect tissue microstructural
organization.

Upon completing multiple logistic
regression analysis, including tumor
type, grade, triple-negative status, and
kurtosis on T2-weighted MR images,
the authors found that kurtosis on T2-
weighted MR images was independently
associated with achievement of path-
ologic complete response in the non-
triple-negative breast cancer population
(P = .033) but not in the triple-negative
breast cancer group or in the entire
population. This information is partic-
ularly important in the non-triple-neg-
ative breast cancer group of patients
because the response to neoadjuvant
chemotherapy is more variable in this
category of patients and the data pro-
vided may have important clinical and
therapeutic implications.

The results of the study by Cham-
ming’s et al are also in agreement with
those of previous works on the same
topic, showing the role of texture

analysis as a powerful tool for pre-
dicting the response to neoadjuvant
chemotherapy at MR imaging (9) and
regarding the influence of tumor sub-
type on the value of kurtosis for pre-
diction of pathologic complete response
(10). However, compared with previous
works, the article by Chamming’s et al
showed in a larger number of patients
that texture analysis at the prethera-
peutic work-up of patients with breast
carcinoma is associated with achieve-
ment of pathologic complete response.

Another important message of this
study is that the results were obtained
from an imaging data set acquired dur-
ing daily clinical practice, with use of
commercially available software. These
study characteristics indicate that the
findings, if further validated with larger
studies, could be easily integrated into
a clinical diagnostic workflow. Further-
more, whereas most studies on the
same topic investigated texture features
with postcontrast T1-weighted MR im-
aging, Chamming’s et al also evaluated
T2-weighted sequences, which pro-
vided good results regarding associa-
tion with pathologic complete response
after neoadjuvant chemotherapy and
triple-negative breast cancer status.
These findings are especially relevant
in light of recent concerns over the use
of gadolinium-based contrast agents in
MR imaging (11).

Finally, an additional strength of
this study is that the authors included
in their population only consecutive
patients with various pathologic types
of breast cancers manifesting as both
mass and nonmass lesions at MR
imaging.

As pointed out by Chamming’s et
al, possible limitations of this study in-
clude the reproducibility of the method
as one of the key issues preventing the
widespread use of quantitative markers.
They also correctly identified the need
to validate findings across different in-
stitutions with MR imaging units from
different vendors and of field strengths.
Still, quantitative imaging is a field that
has rightly received growing atten-
tion as the technology is improving,
and there is a growing awareness for
the possibilities of more personalized

treatments—especially in the oncologic
field. Other limitations include the ret-
rospective data collection and the use
of a single institution without any pa-
tient randomization. Therefore, a ran-
domized multicenter study in a larger
patient population is necessary and
could be the next step to validate the
findings of this innovative article.

In conclusion, the work by Cham-
ming’s et al shows that histogram-
derived texture analysis may be easily
integrated into the imaging work-up
of patients with breast cancer. These
parameters, and kurtosis in particular,
may be useful for identifying patients
with non-triple-negative breast cancer
who will show a complete pathologic
response to neoadjuvant chemotherapy.
Thus, their report further supports the
growing concept that quantitative imag-
ing biomarkers may be a less-invasive
method of obtaining an earlier prognos-
tic stratification of patients with breast
cancer before and during therapy.

Disclosures of Conflicts of Interest: M.I. dis-
closed no relevant relationships. R.C. disclosed
no relevant relationships.
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