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Response to chemotherapy is used as a surrogate biomarker of
verall survival in clinical trials. Imaging criteria are classically used
o define tumor response, and efforts have been made to gain in
eproducibility. In this regard, the simplification of RECIST evalua-
ion with version 1.1 (2 lesions per organ and 5 lesions maximum
n total) has resulted in great robustness and simplicity of response
valuation [1]. RECIST1.1 criteria are robust and easy to use since
hey are unidimensional and based on a single-slice approach.
hey are not very sophisticated, but they form the backbone of
oth registration trials and clinical practice. Nevertheless, the 30%
hreshold retained for response is usually obtained relatively late in
he management of patients after multiple cycles of chemotherapy.

any studies have evaluated other imaging biomarkers to provide
n early prediction of response to therapy and ultimately patient
utcome. The goal of these biomarkers is to better discriminate
etween long term favorable response and short-term progressive
iseases.

In the study by Mazard et al., authors present a new mixed
umor response criterion combining response in size with a thresh-
ld of 15% and decrease in tumor-to-liver density (TTLD) [2]. The
uthors are not the first ones to combine size criteria and density,
hich is considered to represent the function of the lesion. Choi

t al. already suggested that a combination of decrease in size of
0% or a decrease in density superior to 15% overperformed RECIST
.1 criteria in the evaluation of hypervascular lesions such as gas-
ro intestinal stromal tumors (GIST) or hepatocellular carcinoma
HCC) [3]. The main originality of the study by Mazard et al. is the
ssessment of TTLD rather than simple density. Interestingly, the
dea is to normalize the density of the lesion on the density of sur-

ounding liver in order to reduce the variability in enhancement
nd possibly to account for interindividual variations. This vari-
bility results from different scanning parameters such as time of
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acquisition relative to the start of intravenous administration of
iodinated contrast material, dose and flow rate of injection that
may  be different from one CT examination to another one. Sec-
ond, it takes into account the potential changes in surrounding
non-tumoral liver parenchyma density under chemotherapy and
anti-angiogenic treatment. It is classical in MRI  studies to normal-
ize the signal of tumor on surrounding tissue as the intensity of
signal at MRI  varies significantly among the different acquisition
parameters of each sequence, but is less often used at computed
tomography (CT) [4]. The approach from Froelich et al. is interest-
ing in, at least, two respects: first it confirms previous works that
showed that pre-treatment high density tumor on CT is suggestive
of good response and better outcome [5]. Second it also provides a
combined evaluation of size and function that tumor enhancement
indirectly represents. As shown by Chun et al., decrease in enhance-
ment (i.e. hypo-attenuating, pseudo-cystic appearance of lesions)
is associated with a better outcome and may  appear earlier than
size response [6]. The ratio with liver parenchyma helps take into
account the fatty changes that is frequently observed in patients
treated with chemotherapy.

Myriad of studies have evaluated new response criteria to iden-
tify or build a model that best predicts overall survival. Multiple
thresholds for size response have been tested. The 30% threshold
is not based on large multicentric study and its use is therefore
questionable. The early tumor shrinkage, defined as the decrease
in the sum of target lesions more than 20% at 8 weeks has shown
promising results [7]. In patients with metastatic colorectal cancer,
the ultimate objective of earlier assessment of response is to iden-
tify very good responders that could benefit from an aggressive
approach including surgical resection and very poor responders
that will benefit from a switch in therapy. In 2009, Chun et al.
have proposed new morphological criteria that have been inves-
tigated in several studies [6,8]. A recent study has suggested that

morphological response may  correlate with tumor growth pattern
at pathology [9]. Nevertheless, these criteria do not include the
shrinkage of the tumors that is known to be a strong predictor of
outcome. In addition, the subjective evaluation of these changes
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ay  also be a limitation for generalizability. The multiplication of
esponse criteria is also questionable, as a lot of published crite-
ia, even though they are tested in external validation cohorts are
ever incorporated in clinical practice. Finally, all these response
riteria are imperfect, and we can assume that overall survival will
emain the primary outcome of clinical trials for a long time until a
trong surrogate biomarker enters in clinical practice. Quantitative
pproaches that are now proposed in radiological workflows will
robably allow overcoming this main limitation and build simple,
ighly reproducible and accurate response criteria [10]. It may  be
lso assumed that artificial intelligence may  have a major role in
his field in a near future [11].
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