Prognostic and predictive value of texture analysis in patients with non-small cell lung cancer
refractory to platinum treated by nivolumab: a multicentre retrospective study

Abstract

The aim of this study was to assess computed-tomography texture analysis (CTTA) as prognostic
and predictive factor in platinum-refractory non-small cell lung carcinoma (NSCLC) treated with
immune checkpoint inibhitor Nivolumab.

One hundred and four patients were enrolled from 3 different centers. CT was performed using
similar parameters among different scanners. CTTA was performed with the proprietary software
TexRAD, which extracts texture at different spatial scale (spatial scale filters, SSF) producing 30
CTTA features per patients. Cross-validated Least Absolute Shrinkage and Selection Operator
LASSO was used to select those features which were related to overall and progression-free
survival (OS and PFS, respectively). High- and low-risk subgroubs were identified using the best
cutoff.

Median follow-up was 13.8 weeks. Median OS and PFS were 7.3 and 3 months, respectively.
LASSO selected kurtosis obtained by SSF=4mm as the single feature related to OS, leading to an
hazard ratio (HR) of 0.476 (95%Cl 0.29-0.77). PFS was related with kurtosis SSF=6mm, with HR of
0.556 (95%Cl 0.36-0.86).

Despite its limitations, this study is the first which suggests that CTTA could play a role in
stratifying prognosis and treatment response in patients with NSCLC treated with Nivolumab.
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Key points
e Prognostic assessment for nivolumab might be enriched by CT texture analysis.
e Treatment response in patients receiving nivolumab is heterogeneous and potentially
difficult to be predicted.
e Entropy (a marker of inhomogeneity) of texture with medium coarseness was inversely
related with overall survival and progression-free survival.
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Introduction

Lung cancer is one of the most lethal and frequent types of cancer worldwide, with an average 5-
year overall survival rate stable at around 15% [1]. Improved understanding of the immune system
and its role in limiting cancer proliferation has afforded comprehensive opportunities for novel
therapeutic approaches[2]. Indeed, immunotherapy by immune checkpoint inhibitors has led to
impressive advances in oncologic outcome, including lung cancer management in clinical practice.
In particular, PD-1/PDL-1 inhibitors play a leading role and act by adaptive immune suppression
within the tumor, resulting in immune checkpoint blockade[3].

Immunotherapy was recently approved following the impressive benefit of Nivolumab compared
to standard chemotherapy in platinum-refractory non-small cell lung cancer (NSCLC) — the
CheckMate 017 trial for squamous NSCLC and CheckMate 057 trial for non-squamous NSCLC [4, 5].
However, it is important to mention also the CheckMate 026 trial in which Nivolumab was
compared to standard chemotherapy in the first-line setting; in that study, immunotherapy was
not associated with significantly better outcome compared to standard chemotherapy[6].
Selection criteria for immunotherapy and prognostication might be enriched by comprehensive
radiologic characterization.

One option could be texture analysis, which consists of a group of algorithms which extract
numerical parameters from diagnostic images. In the last decade, this quantitative approach has
demonstrated a high potential to predict the response to different treatments in different
oncological settings, especially in NSCLC[7]. Theoretically, there is no limit to the number of
parameters which can be extracted from digital images. In the literature, there is a quite clear

distinction between high-throughput approaches (hundreds or thousands of parameters
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extracted, usually gathered in the name “radiomics”, which lead to highly complex and accurate
models)[8] and low-throughput approaches, where a lower number of parameters are analyzed
and simpler and probably more robust models are obtained[9]. Among the latter methods, the
filtered-histogram showed the greatest diffusion judging by the large number of papers
published[10, 11]. Notably, the filtered-histogram has been tested on several diagnostic and
prognostic tasks for lung cancer management[12], yet its potential in predicting the response to
immunotherapy in NSCLC is still unknown.

In this retrospective multicenter study, the filtered-histogram method is tested on pre-treatment
computed tomography (CT) of patients treated with Nivolumab after failure of platinum-based

chemotherapy to stratify their survival according to CT textural analysis (CTTA).

Materials and methods

Patients

This retrospective study was approved by the institutional review board of each participating
center and was conducted in accordance with the ethical standards of the Declaration of Helsinki.
One hundred and four patients were enrolled from three different centers applying the following
inclusion criteria: therapy with Nivolumab after failure of platinum-based schedules (as defined by
confirmed imaging progression); availability of pre-treatment contrast-enhanced CT (CECT)
performed within 2 months before starting therapy with Nivolumab; no previous radiation therapy
on the thorax; follow-up of at least 6 months. Exclusion criteria were: tumor mass <3 cm; ground

glass lesion; artefacts on CECT involving the area of interest. The following clinical variables were



collected: age, gender, smoking status, Eastern Cooperative Oncology Group (ECOG) score,

histology, tumor stage.

Therapy with Nivolumab
All of the patients received 3 mg Nivolumab per kg every 2 weeks, as second or third line of
therapy. Patients were treated until disease progression or discontinuation due to toxicity or other

reasons.

CECT protocol

The CECT protocol was homogeneous in the three participating centers, as follows: a single post-
contrast acquisition was performed after injection of 120 mL of iodinated contrast agent (lomeron
350, Bracco, Milan, Italy), with delay ranging from 75 to 85 seconds. The CECT was acquired by
several scanners from three different vendors: Somatom Definition Flash 128x2, Somatom
Sensation Cardiac 64, Somatom Emotion 6 (Siemens Healthineers).

Tube current ranged between 150 and 200 mA with dose modulation, and tube voltage was 120
kV. Matrix was 512x512, reconstruction field of view was tailored to patient size so that pixel
dimensions ranged from 0.57 to 1.02 mm. Slice thickness for image analysis included
reconstructions at 2-3 mm. Images were reconstructed with filtered back-projection using a soft
tissue kernel. Images reconstructed with iterative filters were not used because such algorithms
were not routinely applied in the three different centers and differed among the three scanners

used.

Follow-up and survival assessment



Clinical evaluation was performed monthly. Follow-up CT was performed every 3 months or in the
case of clinical deterioration, as per routine clinical practice. Progression was defined according to
iRECIST criteria (modified RECIST guideline for immunotherapy) by experienced radiologists (7-20
years of experience in oncologic imaging); a clinical oncologist dedicated to lung cancer
management unified the radiological and clinical data for a comprehensive definition of
progression; clinical progression led to immunotherapy discontinuation. Progression-free survival
(PFS) and overall survival (OS) were calculated from the date of therapy commencement until
progression or death from any cause and were used as outcome indicators; in particular, OS was
the primary end point, while PFS was the secondary one. Patients who definitively suspended
therapy for toxicity were censored at the date of stopping therapy; patients who temporarily
discontinued Nivolumab administration were censured at the date of definitive stop of therapy for

any cause.

Texture analysis on CECT

Images were transferred from PACS (Picture Archiving and Communication Systems) to an external
workstation and were analyzed using the proprietary texture analysis software TexRAD (TexRAD
Ltd, www.texrad.com — part of Feedback Plc). A radiologist with 20 years experience in thoracic
imaging drew regions of interest (ROIls) encompassing the tumor across its maximal cross-sectional
area in the axial plane as reported in previously published literature[13]. Another radiologist with
5 years experience repeated the measurements on 20 randomly selected patients equally
distributed between the different centers and scanners to test repeatability.

Double thresholding was applied to exclude pixels below 0 or above 300 Hounsfield Units (HU) in

order to exclude cavitations and calcifications[13].



Texture analysis comprised a filtration-histogram technique, which is described in detail in a
previous study[14]. Briefly, a band-pass Laplacian of Gaussian filter (similar to a non-orthogonal
wavelet approach) was used to extract and enhance objects of different sizes and intensities
within the ROIs. The resulting texture maps were named by the acronym SSF (i.e. Spatial Scale
Filter) which was set at 0, 2, 3, 4 and 6 mm, corresponding, respectively, to unfiltered image, fine,
medium and coarse texture images. The following first-order parameters were computed from
both unfiltered and filtered images: mean, mean of positive pixels, standard deviation, entropy,
skewness and kurtosis (peakness). A detailed analysis of the meaning of these measurements is

provided by Miles et al.[14].

Statistical analysis

Relevant texture features were selected using the Least Absolute Shrinkage and Selection
Operator (LASSO) regression analysis method. LASSO can manage survival data and can perform
variable selection by fitting a Cox model with 10-fold internal cross-validation to prevent model
overfitting. Texture features were selected according to their prognostic value for OS and PFS, so
two different models were obtained. For each of the selected features that maintain prognostic
significance, LASSO calculates a coefficient, whose magnitude reflects the strength of the
relationship between parameters and outcome. Positive coefficients indicate a positive correlation
with the risk of progression or death, whereas negative coefficients suggest a protective effect.
External validation was judged to be inadequate because of the small sample size[15].

After calculating the global textural score by the linear combination of the coefficients of the
retained variables given by the model and their original value calculated with TexRAD patients
were split in two by an optimal cut-off which was calculated by minimizing the p-value of the log-

rank test, and from this, the high and low risk groups were identified. A Cox proportional hazards



model was built for OS and PFS respectively and hazard ratios (HR) were calculated. Kaplan-meier
curves for differences in survival between the high-risk and low-risk groups were plotted.
Repeatability of texture features between the two operators was tested using the intraclass
correlation coefficient (ICC). ICC values less than 0.5 were considered indicative of poor reliability,
values between 0.5 and 0.75 indicative of moderate reliability, values between 0.75 and 0.9
indicative of good reliability and values greater than 0.90 indicative of excellent reliability[16].
Statistical analysis was performed in R 3.3.0 and in MedCalc Statistical Software version 18.2.1

(MedCalc Software bvba; http://www.medcalc.org; 2018).

Results

Patients

Baseline characteristics for the 104 patients enrolled in the study are summarized in Table 1.
Median follow-up was 13.8 weeks, median OS was 7.3 months (range 0.5-42 months), and median
PFS was 3 months (range 0.2-42 months). Sixty-nine patients died during the follow-up, all
because of tumor progression. At the time of data extraction, 18 patients were alive and
continuing therapy with Nivolumab, while 17 patients were alive, although progression had led to
stopping therapy with Nivolumab. Seven patients discontinued therapy because of unacceptable

toxicity according to Common Terminology Criteria for Adverse Events (CTCAE) criteria v.4.0.

Texture-based model and survival analysis
LASSO selected one texture feature related to OS: kurtosis SSF = 4 mm. An inverse correlation was

observed between kurtosis (peakness) and the number and intensity variation of objects



highlighted by the image filter. The texture score was computed by multiplying the coefficient
obtained with LASSO by feature magnitude. The optimal cut-off for texture score (0.03669493)
could identify a high-risk group with survival hazard ratio (HR) 0.476 (95%Cl 0.29-0.77; p-value of
0.0028, low-risk vs high-risk group), as shown by the Kaplan—Meier curves in Figure 1.

PFS was related to only one texture feature: kurtosis SSF = 6 mm. Again, an inverse correlation was
observed as mentioned above. The optimal cut-off for texture score (0.000000006903239) could
identify two groups with difference in PFS (HR 0.556 for low-risk vs high-risk group, 95%CI 0.36—
0.86; p-value 0.0088), as displayed by the Kaplan—Meier curves in Figure 2. The intraclass
correlation coefficient (ICC) for kurtosis SSF = 4 mm was 0.89 (95%Cl 0.71-0.96), and for kurtosis

SSF = 6 mm, the ICC was 0.83 (95%Cl 0.57-0.93) indicating good reliability of the results.

Discussion
Immunotherapy represents the most advanced medical treatment for NSCLC, with unprecedented

potential for development. This retrospective study investigated CT textural analysis (CTTA) for
prognostic stratification of NSCLC patients treated with Nivolumab. We showed that CTTA using
the filtration-histogram technique could stratify both OS and PFS according to kurtosis with SSF =4
mm or SSF = 6 mm, respectively.

The filtration-histogram technique of CTTA was proposed by Miles et al[14]. It highlights relatively
hyperdense (higher contrast-enhancement) areas with a predefined size-scale and suppresses
relatively hypodense (lower contrast-enhancement) areas with the same size-scale within the
selected ROI, thus indicating the tumor. Compared to other texture analysis methods and
radiomics approaches, it produces a relatively low number of parameters which reflect quite

intuitive image characteristics[9]. Furthermore, the initial step of image filtration renders the



parameters less sensitive to intrinsic image noise that largely varies according to acquisition
parameters and different scanners[17].

This multicenter retrospective study demonstrated that texture features are correlated with OS
and PFS in an homogeneous cohort of patients affected by solid tumors treated with Nivolumab
after failure of platinum-based chemotherapy. As mentioned above, the number of patients was
not sufficiently high to allow an external validation to be performed; however, the LASSO
algorithm is strictly selective and 10-fold cross-validation used to extract the prognostic model
increased the robustness of this method and reduced the probability of overfitting.

For both OS and PFS, the feature kurtosis on coarse texture (SSF=4 mm and SSF=6 mm,
respectively) had a prognostic value. This parameter represents the peakness of the histogram of
the image and, on texture maps, is inversely correlated with the number and intensity variation of
objects highlighted by the image filter[14]. This could imply that lesions with more homogeneous
enhancement (a lower number of highlighted objects) are less responsive to immunotherapy. This
result seems to be supported by the results obtained by another paper recently published by our
group, in which kurtosis at different spatial scales seems to be inversely correlated with PFS in
patients with lung adenocarcinoma treated with tyrosine kinase inhibitors (TKls)[18]. Based on
these two preliminary observations, kurtosis seems a good candidate for in vivo stratification of
tumor responsiveness to different therapies, and perhaps aggressiveness; however, in the
abovementioned study, kurtosis and other texture features correlated with just PFS and not with
0OS and should be considered to be a predictive rather than a prognostic factor related to TKI
therapy.

Another study recently published by Sun et al.[19] makes the interpretation of our results more
controversial. In a heterogeneous group of several types of tumor treated with immunotherapy,

Sun et al. aimed to find a correlation between radiomics and lymphocitary infiltrates, an entity



which is positively associated with survival. The results showed that a radiomic signature for
homogeneous tumors (MOSCATO trial) was linked to high levels of CD8 within the tumors and
correlated with better overall survival. On the other hand, our results are in line with Tang et al.
who recently investigated NSCLC treated with standard chemotherapy and reported a radiomic
signature consistent with high tumor heterogeneity, which was associated with CD3+ cell count
and thus with better survival[20].

To the best of our knowledge, this is the first study which tested texture analysis in solid
metastatic lung cancer treated with Nivolumab. If confirmed on external datasets, the results of
this study could help clinicians make clinical decisions, providing a pre-treatment probability of
response which could help to interpret later changes, which may be unexpected, and therefore
could add diagnostic information for early clinical decisions on immunotherapy maintenance or
discontinuation.

This study has several limitations. First, the retrospective shape implied a non-systematic
collection of clinical data, thus resulting in potential differences in contrast agent dynamics. The
second limitation was the absence of an external validation cohort, which was not possible
because of the small number in this population. Third, the analysis was performed on a single
slice, therefore this may not represent the whole tumor heterogeneity. Fourth, we have no data
about lymphocyte pattern of tissue biopsies and this represents a missed opportunity to provide a
more comprehensive insight into this still unclear field.

In conclusion, the present study showed that the outcome of NSCLC treated with immunotherapy
can be assessed by baseline CTTA for prognostication of OS and PFS. We plan to perform further
studies to analyze these preliminary findings with the aim of investigating CTTA in the complex

management of NSCLC under immunotherapy.
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Table legends

Table 1. Baseline characteristics for the 104 patients in this study
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Figure legends

Figure 1: Kaplan—Meier plots for overall survival (OS).

Figure 2: Kaplan—Meier plots for progression-free survival (PFS).
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