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CT texture analysis as a predictor of favorable response to anti-PD1 monoclonal 

antibodies in metastatic skin melanoma  

 

Short title: CT texture analysis of metastatic skin melanoma 

 

 

 

Abstract:  

 

Purpose. The purpose of this study was to determine whether texture analysis features on 

pretreatment contrast-enhanced computed tomography (CT) images and their evolution can 

predict treatment response of metastatic skin melanoma (SM) treated with anti-PD1 

monoclonal antibodies.  

Materials and methods. Sixty patients (29 men, 31 women; median age, 56 years; age range: 

27–91 years) with metastatic SM treated with pembrolizumab (43/60; 72%) or nivolumab 

(17/60; 28%) were included. Texture analysis of SM metastases was performed on baseline 

and first post-treatment evaluation CT examinations. Mean gray-level, entropy, kurtosis, 

skewness, and standard deviation values were derived from the pixel distribution histogram 

before and after spatial filtration at different anatomic scales, ranging from fine to coarse. 

Lasso penalized Cox regression analyses were performed to identify independent variables 

associated with favorable response to treatment.  

Results. A total of 127 metastases were analyzed, with a median of two metastases per 

patient. Skewness at fine texture scale (spatial scale filtration [SSF] = 2; Hazard ratio [HR]: 

3.51; 95% CI: 2.08–8.57; P = 0.010), skewness at medium texture scale (SSF = 3; HR: 0.56; 

95% CI: 0.11–1.59; P = 0.014), variation of entropy at fine texture scale (SSF = 2; HR: 37.76; 

95% CI: 3.48–496.22; P = 0.008) and LDH above the threshold of 248 UI/L (HR: 3.56; 95% 

CI: 1.78–21.35; P = 0.032] were independent predictors of response to treatment.  

Conclusion. Pretreatment CT texture analysis-derived tumor skewness and variation of 

entropy between baseline and first control CT examination may be used as predictors of 

favorable response to anti-PD1 monoclonal antibodies in patients with metastatic SM. 

 

Keywords:  Biomarkers; Computed tomography; Immunotherapy; Melanoma; Texture 

analysis 
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CI: Confidence interval; 

CT: Computed tomography; 
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iRECIST: Immune Response Evaluation Criteria in Solid Tumors;  

LDH: Lactate dehydrogenase; 

OS: Overall survival;  

RECIST: Response Evaluation Criteria In Solid Tumors 

SD: Standard deviation;  

SM: Skin melanoma; 

SSF: Spatial scale filtration; 

 

 

1. Introduction  

 

Skin melanoma (SM) is an aggressive cutaneous malignancy with a high incidence, 

which is estimated to double every 10–20 years [1]. SM is the cutaneous cancer that 

traditionally conveys a high mortality rate [2]. However, recent introduction of immune 

checkpoint inhibitors (ICI) has led to significant survival improvement [3–5]. ICI are 

monoclonal antibodies that block co-inhibitory molecules and include ipilimumab, acting as 

an anti-cytotoxic T-lymphocyte-associated antigen-4 (CTLA4), and nivolumab or 

pembrolizumab that target the programmed-death-I (PD1) pathway [6]. As a limitation, more 

than 50% of the patients have SM that does not favorably respond to ICI [7]. An early 

prediction of response to this treatment is thus necessary to identify patients who are more 

likely to benefit from checkpoint inhibitors. The only known biomarker of response to 

immunotherapies at baseline, so far, is the serum lactate dehydrogenase (LDH) serum level. 

However, this biological biomarker appears insufficient to determine therapeutic management 

and, for now, changes in therapeutic lines are made according to response to treatment on 

follow-up computed tomography (CT) examinations [8]. 
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As a difficulty, a subset of patients treated with ICI may show an atypical pattern of 

tumor response either after an increase of tumor burden or appearance of new lesions, a 

phenomenon termed pseudoprogression. Pseudoprogression is classified as progressive 

disease by conventional response criteria [9]. To account for this atypical pattern of response, 

Response Evaluation Criteria In Solid Tumors (RECIST) criteria have been changed for 

Immune Response Evaluation Criteria in Solid Tumors criteria (iRECIST), which requires 

confirmation of progressive disease using further assessment three months later [10]. 

In patients with SM, computed tomography (CT) is systematically performed at 

baseline to detect metastases, and during the follow-up to monitor tumor response to therapy. 

iRECIST is used to assess tumor response to ICI [11]. Metastases from SM are highly 

vascular, and immunotherapy induces tumor necrosis, resulting in tumor heterogeneity on 

contrast-enhanced CT [12]. The analysis of the degree of tumor heterogeneity at baseline and 

under treatment could bring additional information on survival and treatment response, 

knowing that a poor prognosis is associated with high heterogeneity tumor [13]. CT texture 

analysis is an emerging technique, which can quantify tumor heterogeneity [14]. CT texture 

analysis brings information regarding response to treatment [15–18] and survival in many 

cancers such as colorectal, hepatocellular carcinoma (HCC), lymphomas, pancreatic cancers, 

lung and head and neck cancers [9, 15–26]. 

Regarding SM, two studies have evaluated CT-based texture analysis as a predictive 

biomarker of survival [12, 27]. However, the potential of CT texture analysis as a predictive 

biomarker of response to treatment and therapeutic decision-making biomarker has never 

been investigated. CT texture analysis performed at baseline and on the first CT examination 

after treatment initiation could allow an earlier prediction of response to treatment, enabling 

therapeutic adaptations, and discriminating between pseudo progression and actual 

progression. In this context, we hypothesize that computed tomography-based texture analysis 

may act as a reliable biomarker able to predict response status as soon as baseline.  

The purpose of this study was to determine whether texture parameters derived from 

contrast-enhanced CT images pre-treatment and acquired three months after treatment 

initiation are independently associated with response to treatment defined by iRECIST 

criteria, in patients with metastatic SM treated with anti-PD1 monoclonal antibodies. 

 

2. Materials and methods  

 

2.1. Study population  
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This retrospective study was approved by institutional review board (AAA-2021-

08038) and requirement for written informed consent was waived.   

From January 2015 to January 2019, all patients with metastatic SM treated by anti-

PD1 monoclonal antibodies (pembrolizumab or nivolumab) were identified from the 

institutional database and included in this retrospective study. Patients were included when 

they were treated with pembrolizumab or nivolumab for SM metastases, as a first-line 

monotherapy or second or more line-therapy, with an age > 18 years. Thirty-one patients 

treated with pembrolizumab were part of a previous study [27]. The exclusion criteria were: 

(i), no available CT examination within one month prior to treatment initiation; (ii), no 

available one month post-treatment CT examination; and (iii), no delineable SM metastases or 

too small lesion for iRECIST criteria (i.e., < 1 cm in greatest diameter). Recorded 

demographic variables included: age, sex, weight, Eastern Cooperative Oncology Group 

(ECOG) performance status, serum level of LDH, date of first infusion of pembrolizumab or 

nivolumab, date of pretreatment CT examination, date of one month and four-month post-

treatment CT examinations, number and largest axial diameter of metastasis chosen for 

texture analysis, dominant metastasis, RECIST sum on pretreatment and 3-month post-

treatment CT examinations, iRECIST conclusion determined on the 6-month post-treatment 

CT examination. 

 

2.2. Follow-up and endpoints 

All patients underwent radiological follow-up according to institution protocol every 

three months, as well as clinical and biological follow-up. Radiological follow-up consisted of 

contrast-enhanced CT examinations, covering the brain, thorax, abdomen and pelvis. 

The endpoint, response to treatment, was defined using binary coded iRECIST. At 6 

months post-treatment evaluation, presence of a response to treatment was defined by 

complete response, partial response or stable disease. The absence of treatment response was 

defined by progression according to iRECIST criteria.  

 

2.3. CT examination 

CT examinations were performed using a Discovery® HD 750 unit (GE Healthcare) 

and covered the brain, thorax, abdomen and pelvis. Intra-venous administration of non-ionic 

contrast material (iomerol 350 mg iodine/mL, Iomeron® 350, Bracco Imaging) at a dose of 2 
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mL/kg body weight was performed at a flow rate of 3.5 mL/s followed by 50 mL of saline 

solution at the same flow rate. Chest CT images were obtained at 35 s after the start of 

contrast material administration, abdominal and pelvis images at 70 s, and cerebral images at 

10 minutes following contrast material administration.  

Acquisition parameters were as follows: tube voltage, 120 kVp; section collimation, 

64 × 1.25 mm; helical pitch, 1.375; scan time per spiral, 0.7 s. Images were reconstructed with 

a section thickness of 2.5 mm by using 40% adaptive statistical reconstruction (ASiR; GE 

Healthcare). An automatic tube current modulation technique (Smart mA; GE Healthcare) 

was used. Mean effective tube current-time product was 336 mAs. 

 

2.4. CT texture analysis 

CT texture analysis was performed on the pretreatment CT examination and on the 

three-month post-treatment initiation CT examination, using the commercially available 

TexRAD soft-ware (TexRAD Ltd). One radiologist selected from one to five target 

metastases for each patient following iRECIST criteria. The metastases were contoured by 

drawing free-hand region of interest (ROI) by a radiologist with 5 years of experience in CT 

imaging (A.B.), and CT texture analysis was performed in a two-step process (Figure 1). First 

step consisted of image filtration at different spatial scales which allow the extraction of 

specific features: fine (spatial scale filtration [SSF] = 2), medium (SSF = 3-5) and coarse (SSF 

= 6). The second step consisted of quantification of the histogram distribution within the ROI 

with extraction of five texture parameters: mean grey-level intensity (mean) (brightness), 

standard deviation (SD) (i.e., scale either sd 0 for unfiltered images, sd 2 for fine scale 

images, sd 4 for medium scale images and sd 6 for coarse scale images), entropy (i.e., 

irregularity), kurtosis (i.e., peak) and skewness (i.e., asymmetry) [28]. For each patient, the 

mean value of each texture parameter among lesions and the percentage of variation of the 

mean value of each texture parameter between pretreatment CT and first control CT (at three 

months) after initiation of anti-PD1 monoclonal antibodies therapy were calculated. 

 

2.5. Statistical analysis 

 

Quantitative variables were expressed as means ± standard deviations (SDs) and 

ranges or as medians, interquartile ranges (Q1, Q3) and ranges. Qualitative variables were 

expressed as raw numbers, proportions and percentages. Multivariable analysis was 

performed to identify variables independently associated with favorable response to treatment 
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among clinical and texture parameters. To take into account the correlation between the 

estimates of each texture parameter from the different filter values as well as the small 

number of events compared with the number of included covariables, a multivariable L1 

(least absolute shrinkage and selection operator—Lasso) penalized Cox regression model was 

built in order to select texture parameters [29]. The regularization parameter was determined 

by using 10-fold cross-validation. The Lasso method allows variable selection by shrinking 

down to zero coefficient weights for variables non-related to outcome. Variables with non-

zero coefficients were selected as potential predictors of outcome and integrated into a 

multivariable Cox regression analysis, with clinico-biological variables as covariables, in 

order to estimate associated hazard ratios (HR) and their 95% confidence intervals (CI). 

 Statistical analysis was performed with r software. P values < 0.05 were considered to 

indicate significant differences. 

 

3. Results 

 

3. 1. Patient characteristics 

 

A total of 137 patients treated with pembrolizumab and 71 patients with nivolumab 

were initially retrieved. Of these, 128 patients without available pre-treatment evaluation 

within one month prior to initiation of treatment and 20 with diffuse organ infiltration and no 

delineable metastases were excluded. The final study population comprised 60 patients. There 

were 29 men and 31 women with a median age of 56 years (range: 27–91 years). Of these, 43 

patients (43/60; 72%) were treated with pembrolizumab and 17 (17/60; 28%) were treated 

with nivolumab. Figure 2 shows the study flow chart. 

The main clinical, biological and radiological characteristics of patients are shown in 

Table 1. Serum LDH level was above the normal upper limit (i.e., 248 UI/L) in 48/60 patients 

(80%). The number of target metastases ranged from 1 to 5, with a median of 2.1 metastases 

per patient. A total of 127 metastases were analyzed.  

 The mean sum of diameters of the target lesions was 55.2 mm (range: 10–208 mm) on 

baseline pre-treatment CT and 64.4 mm (range: 0–332 mm) on CT three months after 

initiation of treatment. The mean progression at 3 months was 11.4% (range: -100– +180%) 

according to RECIST, corresponding to unconfirmed progression in 24/60 patients (40%), 

stable disease in 32/60 patients (53%), partial response in 3/60 patients (5%) and complete 

response in 1/60 patient (2%) (Table 1).  
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 At six months after treatment initiation, confirmed progression disease was observed 

in 26/60 patients (43%), stable disease in 30/60 patients (50%), partial response in 3/60 

patients (5%), and complete response in 1/60 patient (2%) according to iRECIST criteria. 

 

3. 2.  iRECIST response to treatment analysis 

 

The Lasso penalized Cox regression analysis identified six parameters as potential 

predictors of response to treatment. They were skewness at fine texture scale (SSF=2) 

(coefficient weight, 1.18), skewness at medium texture scale (SSF=3) (coefficient weight, -

1.52), entropy at medium texture scale (SSF=4) (coefficient weight, -0.98), variation of 

standard deviation between pre and three months post-treatment CT examinations without any 

filter (% sd0) (coefficient weight, -0.97), variation of standard deviation (% sd2) (coefficient 

weight, -1.17) at fine texture scale (SSF=2) and variation of entropy (coefficient weight, 5.51) 

at fine texture scale (SSF=2) (%entropy 2). LDH serum level was the single bioclinical 

variable that yielded non-zero coefficient weight (coefficient weight, 3.15). 

At multivariable analysis, skewness at fine texture scale (SSF =2; HR = 3.51 [95% CI: 

2.08–8.57); P = 0.010), skewness at medium texture scale (SSF = 3; HR = 0.56 [95% CI: 

0.11–1.59]; P = 0.014), percentage of variation of entropy at fine texture scale (SSF = 2; HR 

= 37.76 [95% CI: 3.48–496.22]; P = 0.008) and LDH serum level above 248 UI/L (HR = 3.56 

[95% CI: 1.78–21.35]; P = 0.032) were independent variables significantly associated with 

favorable response to treatment (Table 2). 

 

4. Discussion 

 

Our study suggests that texture features of metastases from SM on the baseline CT 

examination as well as their evolution between the first CT examination at three months after 

treatment and the baseline CT are independent predictors of response to treatment in patient 

treated with anti-PDL-1 therapies, either pembrolizumab or nivolumab.  

Our study also confirms the independent predictive value of baseline LDH serum level 

above threshold for response to treatment, in agreement with the literature. As far as 

immunotherapy is concerned, some studies have confirmed the association between elevated 

baseline LDH serum levels and poor prognosis and response rates [30, 31]. Monitoring of the 

LDH serum level has been thus routinely used for years at initial staging and during follow-up 

[30, 32–34]. However, changes in therapy cannot be initiated on the basis of the LDH serum 
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level evolution. Indeed, the increase of LDH serum level does not correlate with the type of 

progression and thus cannot help differentiate pseudoprogression from actual progression [35, 

36]. Additional biomarkers predictive of the response to ICI are thus needed, in order to allow 

an early and quick therapeutic adjustment, owing to the cost and to the potential severe 

adverse events of immunotherapies. 

The association between tumor heterogeneity and increased risk of metastasis, 

unfavorable response to therapies and inhibition of immune response has been proved [37]. 

Heterogeneity inside tumors is induced by interactions between cancers cells and their 

environment, creating neovascularization. CT-based texture analysis is the optimal imaging 

method to quantify this heterogeneity [38]. 

Recent trials have reported associations between CT texture parameters and 

histopathological markers of hypoxia and/or neoangiogenesis [39, 40]. Regarding metastasis 

of SM, in a study performed on 42 patients treated with an antiangiogenic drug (i.e., 

bevacizumab), an absolute change in mean positive pixels at medium texture scale was 

predictive of overall survival (OS) [12]. In another study, pretreatment CT texture analysis-

derived tumor skewness was suggested as a predictive biomarker of OS and progression-free 

survival in patients with metastatic SM treated with pembrolizumab [27]. CT texture analysis 

has been reported to predict response to treatment in many types of cancer [9, 15–18, 25, 26, 

41, 42]. 

In routine practice, response to treatment in metastatic melanoma under ICI is defined 

according to iRECIST criteria on contrast-enhanced CT scans. However, atypical responses, 

particularly pseudo-progression are regularly encountered with anti-PD1 therapies. IRECIST 

criteria take into account pseudo progression and final response status cannot be stated with 

certainty until the second control CT examination, six months after treatment initiation. An 

early prediction of response to treatment would thus allow the identification of the patients 

who undergo a real progression and thus allow therapeutic adjustments. 

Our study highlights the independent predictive value of baseline skewness at fine and 

medium texture scales for response to treatment according to iRECIST criteria in patients 

with MM under anti-PD1 inhibitors. Interestingly, high skewness values measured on baseline 

contrast-enhanced CT examinations were also associated with OS in metastatic melanoma 

with anti-PD1 inhibitors [27]. Similarly, high skewness values were correlated to decreased 5-
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years OS in colorectal cancer [19], reduced OS in small cell lung cancer [43] and in HCC 

treated by surgical resection [44]. 

 Skewness reflects the asymmetry of the histogram of grey-level pixels distribution 

within the ROI. High skewness values are associated with poorer prognostic in our study as 

well as in other previous studies [45]. High skewness values reflect the predominance of 

bright texture that can be induced by hypervascularization. 

It is noteworthy that variation of entropy between baseline and the first CT 

examination post treatment initiation was also strongly correlated with response to treatment 

in our study. Entropy reflects the heterogeneity within a determined region of interest. Our 

results suggest that an important variation of the degree of heterogeneity is associated with 

response to treatment. We suppose that an early response to treatment translates into a rapid 

decline of neovascularization, thus inducing important changes of entropy that correspond to 

the diminution of heterogeneity. Of note, the rate of complete and partial response to 

treatment was low in our study compared to what is generally achieved with anti-PD1 

inhibitors [46, 47]. However, a minority of our patients received the anti-PD1 inhibitors as a 

first-line therapy, moreover we did not evaluate the best overall response rate but only the 

response rate at six months after the initiation of the treatment. 

Our study has some limitations. First, it was a retrospective, single center study. 

However, anti-PD1 inhibitors are recent therapies, still mostly used as part as therapeutic 

trials, which can explain the limited recruitment. Our study is exploratory and more studies, 

prospective, with a larger number of patients and validation cohort are needed. Second, 

texture analysis is highly sensitive to technical parameters such as CT acquisition parameters 

or the type of algorithm that is being used. However, in our study the same CT scanner was 

used for all patients, with similar acquisition parameters. Moreover, the software which we 

used has been validated and widely used in the literature [15–17, 25, 26, 48, 49]. Finally, the 

mean value of each texture parameter among lesions from various organs was calculated. 

However, SM metastasis can invade various types of organ and this choice appears to be the 

closest to routine practice. 

In conclusion, this retrospective study showed that pretreatment CT texture analysis-

derived tumor skewness and variation of entropy between baseline and first CT control may 

be early predictive biomarkers of response to treatment in patients with metastatic SM treated 

with anti-PD-1 monoclonal antibodies. 
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Figure legends 

 

Figure 1. Example of feature extraction from CT data in a 39-year-old woman with gastric 

metastasis from skin melanoma treated with pembrolizumab. 
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A, Data are extracted after contouring of the metastasis and corresponding resulting image 

filtration are displayed from fine texture (SSF = 2) to coarsest texture (SSF = 6). 

SSF indicates spatial scale filtration  

B, Graph shows corresponding histogram of pixel gray-level intensities. 

 

 

Figure 2. Study flow chart. 
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Table 1. Characteristics of 60 patients with metastases from skin melanoma 

treated with anti-PD1 monoclonal antibodies 
Age (years) 58.9 ± 17.4 (56; 46, 72) [17–91] 

Received treatment 

Pembrolizumab 

Nivolumab 

 

43 (43/60; 72%) 

17 (17/60; 28%) 

Age > 60 years 29 (29/60; 48%) 

Male sex 29 (29/60; 48%) 

Weight (kg) 75.6 ± 17.1 (74; 65, 85) [45–130] 

ECOG > 1 11 (11/60; 18%) 

LDH > 248 (UI/L) 48 (48/60; 80%) 

Previous treatment 38 (38/60; 63%) 

Number of target metastases per patient 

1 target metastasis 

2 target metastases 

3 target metastases 

4 target metastases 

5 target metastases 

2.1 ± 1.3 (2; 1, 3) [1–5] 

27 (27/60; 45%) 

16 (16/60; 27%) 

5 (5/60; 8%) 

7 (7/60; 12%) 

5 (5/60; 8%) 

Dominant lesion  

Lymphadenopathy 

Liver  

Lung 

Adrenal gland 

Subcutaneous nodule 

Mesenteric nodule 

Peritoneal nodule 

Spleen 

Stomach  

Brain 

 

20 (20/60; 33%) 

16 (16/60; 27%) 

11 (11/60; 18%) 

3 (3/60; 5%) 

3 (3/60; 5%) 

2 (2/60; 3%) 

2 (2/60; 3%) 

1 (1/60; 2%) 

1 (1/60; 2%) 

1 (1/60; 2%) 

Sum of target metastasis diameters on pre-

treatment CT (mm) 

55.2 ± 47.5 (36.4; 19, 81) [10–208] 

Sum of target metastasis diameters on the first 

control CT- (mm) 

64.4 ± 69.0 (35.8; 19, 89) [0–332] 

Sum target metastasis diameter variation between 

pre and post treatment CT (%)  

11.4 ± 36.6 (9; 0, 33) [-100–180] 

RECIST status at three months 

Stable 

Progression  

Partial response 

Complete response  

 

32 (32/60; 53%) 

24 (24/60; 40%) 

3 (3/60; 5%) 

1 (1/60; 2%) 

iRECIST status at six months 

Progression 

Stable, partial or complete response 

 

26 (26/60; 43%) 

34 (34/60; 57%) 

Quantitative variables are expressed as means and standard deviations; numbers in parentheses are 

medians followed by first quartiles and third quartile. Numbers in brackets are ranges. Qualitative 

variables are expressed as raw numbers; numbers in parentheses are proportions followed by 

percentages. 

CT indicates computed tomography; ECOG indicates Eastern Cooperative Oncology Group; iRECIST 

indicates Immune Response Evaluation Criteria in Solid Tumors criteria; LDH indicates serum lactate 

dehydrogenase serum level; RECIST indicates Response Evaluation Criteria In Solid Tumors;  
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Table 2. Multivariable Cox-proportional hazards regression analyses of texture analysis and 

clinical parameters selected by Lasso penalized Cox regression analysis for predicting 

favorable treatment response defined by iRECIST. 

 

Biological and CT texture parameters HR (95% CI) P value 

LDH 3.56 (1.78–21.35) 0.032 
Skewness_2 3.51 (2.08–8.57)  0.010 
Skewness_3 0.56 (0.11–1.59)  0.014 
Entropy_4 2.31 (0.52–2.49) 0.52 

%sd0 0.93 (0.12–6.77) 0.59 

%sd2 0.87 (0.60–5.04) 0.19 

%entropy2 37.76 (3.48–496.22) 0.008 

 

Bold indicates indicates significant P value. 

CI: Confidence interval; HR: Hazard ratio; LDH: Lactate dehydrogenase serum level.  

sd0 corresponds to unfiltered images and sd2 to fine scale images.  




