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Abstract

:

Advances in the knowledge of renal cell carcinoma (RCC)’s oncogenesis have led to the development of new therapeutic approaches, such as immune checkpoint inhibitors (ICIs), which have improved the clinical outcomes of metastatic RCC (mRCC) patients. Our literature search led to a series of studies that were divided into four subcategories: RECIST criteria, radiomics and artificial intelligence, atypical response patterns, and body composition. These studies provide novel and promising data aimed at improving patient management and clinical outcomes, further strengthening the concept of precision medicine. Radiomics and artificial intelligence allow us to obtain—in a non-invasive fashion—a multitude of data that cannot be detected with the naked eye, offering potential advantages that might help to predict the response to treatments and possibly improve patients’ outcomes through a personalized therapeutic approach. The purpose of this literature review is to describe the available evidence on the role of computed tomography (CT) in evaluating and predicting ICIs’ effects on mRCC patients by applying radiomics and artificial intelligence.
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1. Introduction


Statistics from the American Cancer Society have shown that kidney and renal pelvis cancers are among the top 10 most frequently diagnosed cancers [1]. Approximately one-third of renal cell carcinoma (RCC) patients have metastases at diagnosis. The most frequent histological type is clear-cell RCC (ccRCC), accounting for about 80% of all renal tumors, with poor prognosis in the metastatic stage [2]. Over the past two decades there have been remarkable advances in the understanding of RCC’s oncogenesis, leading to the emergence of new targeted therapeutic options such as biologic antineoplastic drugs. Consequently, a marked improvement in clinical outcomes has been found with the advent of immune checkpoint inhibitors (ICIs), both in monotherapy and in association with other drugs [3]. The International Metastatic Renal Cell Carcinoma Database Consortium (IMDC) has subclassified RCC into favorable, intermediate, and poor prognosis [4]. First-line treatment with dual immunotherapy (ICI/ICI) is recommended by the guidelines of the European Association of Urology in the IMDC intermediate and poor risk subgroups, while for all IMDC risk groups they recommend first-line treatments with combined ICI/VEGF therapies. However, despite the therapeutic advances in recent years, distant-stage mRCC has only a 13% of 5-year relative survival rate [5].



Numerous tissue-based tumoral biomarkers—including histological features, PD-L1 protein expression, infiltrating T-cell exhaustion markers, somatic mutations, and transcriptomic signatures—have been studied for the evaluation of systemic therapies [6,7,8,9,10]. However, these biomarkers have several limitations due to their low predictive capacity, lack of standardization, invasiveness of the biopsy, or sampling errors related to lesion heterogeneity [11]. Imaging is of fundamental importance for diagnosis, non-invasive qualitative and quantitative analysis of tissues, tumor staging treatment planning, response to therapy, and follow-up [12,13,14]. The most widely used imaging technique in RCC is contrast-enhanced computed tomography (CT) [15]. CT protocols for the detection and staging of RCC involve arterial and nephrographic post-contrast phases, as the histological subtypes of RCC can have variable post-contrastographic appearance [16]. Metastatic lesions generally exhibit contrast enhancement similar to that of the primary lesion [16]. Some metastases, such those from ccRCC, can have arterial contrast enhancement. RCC can metastasize to any organ; the lung is the first organ most affected by RCC metastases, followed by the lymph nodes and bone [17]. The morphology of lymph node metastases is fundamental for diagnosis; in particular, a short axis of the lymph node greater than 10 mm indicates potential disease involvement.



ICIs, unlike other systemic therapies, may exhibit atypical response patterns. A systematic review of 38 studies demonstrated an atypical response rate of 6% [18]. Two atypical patterns of response called pseudoprogression and hyperprogression were reported. Pseudoprogression is a transient increase followed by a decrease in total tumor burden, while a rapid increase of at least twice the expected tumor growth rate defines hyperprogression [19,20].



Furthermore, tumor heterogeneity, through texture analysis, provides information that is not visible with the naked eye, which can be detected through CT approaches, possibly helping to predict tumor behavior and outcomes [21]. By generating quantitative parameters, texture analysis provides important information on the features of the tissue, offering valuable prognostic information.



The present literature review is focused on the role of CT in evaluating ICIs’ effects on mRCC, providing an overview of both the CT manifestation of ICIs and the potential predictive value to estimate tumor response to these therapies.




2. Methods


The literature search was performed in January 2023 using PubMed, taking into account only articles written in English and without limits of timespan. Two reviewers independently performed the search (F.G., 7 years of experience; and C.A.M., 11 years of experience). All peer-reviewed journals were screened, and all relevant studies were explored. Review articles and case reports were excluded. Combinations of keywords for the article search were as follows: “computed tomography renal cell carcinoma immune checkpoint inhibitors”, “imaging renal cell carcinoma immune checkpoint inhibitors”, “computed tomography renal cell carcinoma Nivolumab”, “Nivolumab renal cell carcinoma imaging”, and “Pembrolizumab renal cell carcinoma imaging”. Relevant articles related to the role of CT in the evaluation of ICIs’ effects in mRCC were also retrieved from the reference list of each detected article. The title and abstract of all of the articles of potential interest to our topic were examined, without any specific exclusion criteria. After this screening, we filtered the literature search and identified 11 appropriate original articles for further review. The levels of evidence of the selected articles were defined according to the Scottish Intercollegiate Guidelines Network 2019.




3. Discussion


3.1. RECIST Criteria


Contemporary first-line therapies for mRCC can have different imaging responses (i.e., complete, or partial). Navani et al. [22] questioned whether objective response at imaging is correlated with overall survival. Specifically, in this study they evaluated baseline characteristics, the type of first-line immuno-oncology combination therapy, and the relative objective imaging response in 899 mRCC patients [22].



Evaluation of response to immune checkpoint blockade (ICB) treatment on imaging was performed using the Response Evaluation Criteria in Solid Tumors (RECIST), version 1.1 [23,24,25]. The use of RECIST has been of fundamental importance in the clinical development of therapies with ipilimumab–nivolumab (IOIO) and ICB therapy with VEGF receptor inhibitors (IOVE), and it is still used for the study of new therapeutic approaches for mRCC.



The RECIST 1.1 criteria are based on the identification of the target lesions representative of the disease burden, and on the calculation of the largest diameter of all of the target lesions, taken as a reference through contrast-enhanced CT-based follow-up. Four scenarios can be observed for the assessment of response to therapy:




	-

	
Complete response (CR): disappearance of all target lesions together with any pathological lymph nodes (target or non-target) with short axis < 10 mm (Figure 1).




	-

	
Partial response (PR): ≥30% reduction in the sum of the target lesions’ diameters.




	-

	
Progressive disease (PD): ≥20% increase in the sum of the target lesions’ diameters, with the lower sum considered as the reference, plus an absolute ≥ 5 mm increment in the sum.




	-

	
Stable disease (SD): there is not a sufficient reduction to be defined as a partial response, nor a sufficient increase to be defined as progressive disease, using the smallest sum of the target lesions’ diameter as a reference (Figure 2 and Figure 3) [23].









Regarding the best overall response of all patients, 4.1% had a CR, 38.3% a PR, 35% experienced SD, and 22.6% had PD; 73.1% of patients were treated with first line IOIO therapy, while the remaining 26.9% were treated with first-line IOVE therapy.



In the adjusted logistic regression analysis, only cytoreductive nephrectomy (odds ratio (OR), 1.59; 95% CI, 1.04–2.43; p = 0.03), deferred nephrectomy—defined as nephrectomy performed after the receipt of systemic therapy (OR, 3.04; 95% CI, 1.03–8.97; p = 0.04), lung metastases (OR, 1.49; 95% CI, 1.01–2.20; p = 0.04), and favorable vs. poor IMDC risk group (OR, 1.93; 95% CI, 1.10–3.39; p = 0.02) were significantly correlated with objective imaging response.



Patients who received IOVE vs. IOIO were more likely to achieve an objective imaging response (OR, 1.89; 95% CI, 1.26–2.81; p = 0.002). Considering intermediate and poor IMDC risk (n = 667), 34.1% of patients treated with IOIO vs. 51.8% treated with IOVE experienced a PR (p < 0.001), while 27.5% of patients treated with IOIO vs. 12.2% treated with IOVE experienced PD (p < 0.001). Patients with CR showed a non-estimable median overall survival (95% CI, 53.3 months to not estimable), patients with PR had a median OS of 55.9 months (95% CI, 44.1 months to not estimable), patients with SD had a median OS of 48.1 months (95% CI, 33.4 months to not estimable), and patients with PD had a median OS of 13.0 months (95% CI, 8.4–18.1 months), with log-rank p < 0.001 [22].



Jajodia et al. [26] evaluated different organ responses to nivolumab in surgically treated mRCC by describing response patterns and discrepancies between the RECIST 1.1 and iRECIST criteria [26].



iRECIST is based on RECIST 1.1, where the prefix “i” stands for “immune”; similarly, the response scenarios also have the “i” prefix—complete response (iCR), partial response (iPR), unconfirmed progressive disease (iUPD), or confirmed progressive disease (iCPD)—to differentiate them from the RECIST 1.1 criteria. The principles used to evaluate objective tumor response are largely unchanged from the RECIST 1.1 criteria; the main difference is the zeroing of the bar if the next assessment with tumor shrinkage follows the RECIST 1.1 progression. iRECIST introduces immune unconfirmed progressive disease (iUPD), which is related to atypical responses such as the delayed ones that occur with pseudoprogression [27].



Data collected at each time point on target and non-target lesion responses, new lesion responses, and overall response were used for the iRECIST criteria. As lymph nodes are classified as organs, the longest diameter was scored as lesions of other organs as defined by the RECIST 1.1 criteria. Of the 21 mRCC patients enrolled in the study, 10 were responders and 11 were non-responders. In accordance with the iRECIST criteria, 10 patients experienced iPD, 3 patients experienced iPR, and 8 patients experienced iSD. During ICI therapy, three patients died (one from a cardiac event and two from immune confirmed progressive illness). Other complications were ICIs pneumonia (n = 1), metastatic inferior vena cava thrombosis (n = 1), duodenal hemorrhage treated with gastroduodenal artery angioembolization (n = 1), and colonic perforation treated with hemicolectomy (n = 1). An organ-specific response of 10% for hepatic metastasis, 19% for lung metastasis, 20% for brain metastasis, 35% for lymph node metastasis, and 25% for both for adrenal and intraperitoneal metastases was detected. Moreover, 13 patients experienced differential responses to ICIs, with 6 patients experiencing differential intra-organ responses. In 21 patients, a variation in tumor burden from −64 to +185% (median: −12%) was found at the time point of best overall response. Discordance of best overall response was found in four patients (14%) who showed iSD according to iRECIST 1.1 and PD according to RECIST 1.1. The remaining three patients had iUPD as defined by iRECIST but were confirmed progress by RECIST 1.1. The development of new lesions was found during therapy in eight patients (38%). Sites of development of target lesions included the liver (n = 3), lymph nodes and brain (n = 2), adrenal gland (n = 1), and lung and peritoneal metastases (n = 1). According to the iRECIST criteria, these patients were classified as iSD (n = 3), iPD (n = 4), and iUPD (n = 1). Nineteen patients (90.4%) showed more than one lesion in the same organ. A different response was found between organ categories (Kruskal–Wallis p = 0.003), with the best shrinkage for the adrenal glands and lymph nodes, followed by the lungs, while liver and miscellaneous lesions had the least shrinkage. The response rates also differed significantly among the lesion groups according to the location (Fisher p = 0.02) [26]. This study provides important data regarding the response to nivolumab related to sites of metastasis and differences in staging between the iRECIST and RECIST1.1 criteria. This knowledge might be helpful in predicting responses to nivolumab treatment in mRCC patients according to the site of metastasis. The iRECIST criteria should be used for the staging of mRCC patients treated with ICIs [26].



Zheng et al. [28] compared the iRECIST and RECIST 1.1 criteria for radiological tumor response in metastatic clear-cell renal cell carcinoma (mccRCC) patients treated with programmed cell death-1 inhibitor therapy [28]. Thirty mccRCC patients were included in the study, 25 of whom were treated with nivolumab and 5 with pembrolizumab. Ninety-three percent of patients underwent prior nephrectomy. Furthermore, 93% of patients underwent 1–2 prior systemic therapies, and 3 patients underwent 3 prior systemic treatments.



The objective response rates during therapy were 30% for RECIST 1.1 (95% confidence interval (CI): 13.6–46.4) and 50% for iRECIST (95% confidence interval (CI): 13.6–46.4). The median time to progression for iRECIST was not reached, whereas for RECIST 1.1 it was 170 days (p = 0.04). Eight patients had discordance across criteria, six of whom showed pseudoprogression, while two were evaluated as iUPD with no subsequent confirmation of iPD. Furthermore, the iRECIST criteria showed five more patients with iPR and one more with iCR. Therefore, significant differences between iRECIST and RECIST 1.1 were shown (p < 0.001) [28].



These studies have demonstrated that treatment with IOVE therapy is correlated with a better objective imaging response compared to IOIO therapy, as well as that the presence of lung metastases, nephrectomy, and favorable IMDC risk are correlated with experiencing an objective imaging response. Furthermore, it has been demonstrated that treatment with ICIs has a different response rate at the level of the soft tissues, and that the iRECIST criteria have a greater ability to evaluate immune-related atypical responses than the RECIST 1.1 criteria. All of these studies had a level of evidence of 2.



Hermansen et al. [29] evaluated overall survival, time to treatment discontinuation, and progression-free survival in a retrospective analysis of mRCC patients treated with tyrosine kinase inhibitors, mTOR inhibitors, or ICIs, divided by age: 159 patients (19%) were aged ≥ 75 years, 324 patients (39%) were aged 65–74 years, and 355 patients (42%) were aged < 65 years. The number of patients treated with tyrosine kinase inhibitors was 729 (87%), while 43 (5%) were treated with mTOR inhibitors and 67 (8%) were treated with ICIs. Multivariate analysis, adjusted for IMDC risk score and histology, showed that age had no impact on overall survival (aHR 1.0; 95% CI 0.99–1.02, p = 0.2), time to treatment discontinuation (aHR 1.0; 95% CI 0.99–1.01, p = 0.4), or progression-free survival (aHR 1.0, 95% CI 0.99–1.01; p = 0.9). This study demonstrated that elderly patients with mRCC were more prone to toxicity, but age did not affect the results [29].



Regardless of the age of the patients, all of these results, taken together, can be helpful in selecting the best treatment option in the management and the CT-based follow-up of mRCC patients. Data and results of clinical studies related to the RECIST criteria are summarized in Table 1.




3.2. Radiomics and Artificial Intelligence


Radiomics allows the development of predictive signatures in medical imaging [30]. In particular, radiomics can produce quantitative information from radiological images that could predict tumor biology and immune cell infiltrates. Radiomics has several advantages compared to biopsy: it obtains spatial information of the whole tumor and microenvironment, thereby considering intratumor heterogeneity and interactions with the microenvironment; multiple lesions can be evaluated in parallel; lesions can be evaluated longitudinally, allowing the study of their variations over time; and the information is obtained through a non-invasive approach [31]. Artificial intelligence, including machine learning and deep learning, is a new breakthrough technology that has been proposed as a solution to enable automatic, rapid, and precise analysis of tissues [32,33].



Malone et al. [31], using signature texture analysis, predicted tumor response in mRCC patients treated with nivolumab [31]. Twenty-seven patients were included in the study; 89% had received prior nephrectomy and 89% had received prior systemic therapy. Furthermore, 30% of the patients were in the good risk group, 60% in the intermediate risk group, and 10% in the poor risk group, according to the IMDC scoring system. Machine learning was applied with the support-vector machine and radial basis function. To predict the pretreatment approach, a classifier was trained to obtain characteristics of the post-treatment plot to distinguish between responders (CR/PR/durable SD) and non-responders. The analysis was performed by contouring 104 lesions: 62 lymph nodes, 24 lung metastasis, and 18 renal or adrenal metastases. Nineteen patients were responders, and eight patients were non-responders. Lesions contoured for analysis included lymph node metastases (60%), lung metastases (23%), and renal/adrenal metastases (17%). The median progression-free survival and overall survival for responders were 14 months and 28.8 months, respectively, while for non-responders they were 3.7 months and 16.3 months, respectively (median progression-free survival: p < 0.0001; overall survival: p = 0.13).



Texture analysis demonstrated poor ability to predict nivolumab responders from non-responders, with 69% overall accuracy for baseline CT scans (AUC = 0.46, p = 0.30) and with 66% overall accuracy on the first post-treatment CT scans (AUC = 0.51, p = 0.40) [31].



Khene et al. [34], through CT texture analysis, evaluated the prediction of progression-free survival and overall survival in mRCC patients treated with nivolumab [34]. Forty-eight patients were included in the study, 45% of whom were in the intermediate IMDC group. At initial diagnosis, 55% of patients had metastases and 79% of patients had undergone nephrectomy prior to receiving nivolumab treatment. Metastases were predominantly located in the lymph nodes, lungs, bones, liver, and adrenal glands (58%, 42%, 37%, 31%, and 25%, respectively). The progression-free survival was 5.7 months, while overall survival was 13.8 months. Nine patients (18.7%) showed PR, twenty patients (41.7%) showed SD, and nineteen patients (39.6%) showed PD. The Lasso-penalized Cox regression analysis revealed three texture parameters as potential predictors of progression-free survival (skewness, S.2.2. Correlat and vS.1.1. Sum Varnc). Skewness was confirmed as an independent predictor of progression-free survival by multivariate Cox regression analysis (HR (95% CI) 1.49 [1.21–1.85], p < 0.001). The Lasso penalized Cox regression analysis also detected three texture parameters as potential predictors of overall survival (S20SumVarnc, S22Contrast, and S22Entropy). S22Entropy was confirmed as an independent predictor of overall survival by multivariate Cox regression analysis (HR (95% CI) 1.68 (1.31–2.14), p < 0.001). This study showed promising results in predicting oncological outcomes by radiomic analysis in mRCC patients treated with nivolumab [34].



Khene et al. [35] performed a radiomic analysis to predict tumor response in mRCC patients treated with nivolumab [35]. Forty-eight patients—the same group of patients as in the previously described study—were included in the study, 46 (95%) of whom had previously received VEGF inhibitor treatment, and 39 patients (60.4%) were considered responders according to the RECIST 1.1 criteria. The k-nearest neighbor, support-vector machine based on linear kernel, random forest, and logistic regression predictive models were built using four supervised machine learning algorithms. Radiomic analysis demonstrated the accuracy scores of the k-nearest neighbor, random forest, logistic regression, and support-vector machine predictive models to be 0.82, 0.71, 0.91, and 0.81, respectively, with area under the receiver operating characteristic curve scores of 0.79, 0.67, 0.92, and 0.71, respectively. The results of this study were promising for the identification of responders by pretreatment radiomic analysis, demonstrating how the model could predict response to treatment in over 90% of patients [35].



Park et al. [11] conducted a radiomic analysis to predict oncological outcomes in mRCC patients treated with ICIs [11]. Sixty-eight patients were included in this study, most of whom were categorized as being in the intermediate IMDC risk group (n = 39; 57.4%), followed by poor IMDC risk (n = 20; 29.4%) and favorable IMDC risk (n = 9; 13.2%). The median overall survival was 21.5 months (95% CI, 10.5–32.5 months), while the median progression-free survival was 5.2 months (2.0–8.4 months). CT texture analysis was performed on 298 lesions of 68 patients, including lymph node (n = 97; 32.6%), pulmonary (n = 51; 17.1%), hepatic (n = 41; 13.8%), peritoneal (n = 40; 13.4%), adrenal (n = 22; 7.4%), renal (n = 17; 5.7%), pancreatic (n = 11; 3.7%), intramuscular (n = 10; 3.4%), and pleural (n = 9; 3.0%) lesions. From the training datasets, a median threshold survival index was obtained to classify patients as high-risk and low-risk. The baseline texture model showed a median overall survival of 60.1 months in the low-risk group (95% CI, 19.6–not reached) and 17.0 months in the high-risk group (95% CI, 11.9–32.8) (p = 0.048), while the follow-up texture model showed a median overall survival of 40.3 months in the low-risk group (95% CI, 21.7–not reached) and 15.2 months in the high-risk group (95% CI, 11.1–32.3) (p = 0.008). The baseline texture model managed to distinguish shorter from longer progression-free survival patients, while the follow-up texture models failed. The baseline texture model showed a median progression-free survival of 5.2 months in the low-risk group (95% CI, 3.6–23.8) and 2.8 months in the high-risk group (95% CI, 1.7–7.6) (p = 0.003), while the follow-up texture model showed a median progression-free survival of 5.0 months in the low-risk group (95% CI, 3.5–11.9) and 3.6 months in the high-risk group (95% CI, 2.4–7.6) (p = 0.025).



In a subgroup of the 32 patients treated with ICI as a first-line therapy, the baseline texture model for overall survival and progression-free survival distinguished between longer-term survivors and shorter-term survivors (median OS, not reached vs. 16.8 months (95% CI, 2.9–30.7), p = 0.03; median PFS, 11.7 months (95% CI, 4.5–33.6) vs. 3.8 months (95% CI, 1.4–7.8), p = 0.004), while the follow-up texture models for overall survival distinguished between longer-term survivors and shorter-term survivors (median OS, 39.7 months vs. 9.8 months (95% CI, 0.1–19.5), p = 0.002), but not for progression-free survival (p = 0.53). Univariate analysis showed that the baseline and follow-up texture models had significant association with overall survival (HR, 2.05 [95% CI, 1.07–3.94] and 2.65 [95% CI, 1.38–5.11], respectively. Univariate analysis showed that the baseline texture models had significant associations with progression-free survival (HR, 1.84; 95% CI, 1.08–3.12), but not for the follow-up texture analysis (HR, 1.30; 95% CI, 0.77–2.19) [11].



These studies used CT texture analysis to predict tumor response and clinical outcomes, revealing conflicting results in the prediction of tumor response and consistent results regarding the evaluation of clinical outcomes. Further studies will investigate the role of radiomics not only in the prediction of tumor response, but also to estimate the risk of metastasis development or define tumor genomics, so that an enhanced pretreatment analysis can be decisive in choosing the right therapy. All of these studies had a level of evidence of 2. The data and results of clinical studies related to the RECIST criteria are summarized in Table 2.




3.3. Atypical Response Patterns


Wong et al. [36] evaluated CT manifestations of atypical responses in mRCC patients treated with ICIs [36]. Fifteen patients were treated with ipilimumab–nivolumab, while 31 patients received single-agent ICI (nivolumab or pembrolizumab) treatment. Most patients were nephrectomized and had the histological variant ccRCC. Moreover, 56.5% of patients underwent concurrent radiotherapy. Most patients (80.4%) fell into the intermediate and poor IMDC risk groups. Twenty-four patients (52.2%) showed an atypical response pattern, while eighteen patients (39.1%) experienced multiple atypical response patterns. Pseudoprogression was found in 15 patients (32.6%), dissociated responses in 22 patients (47.8%), and abscopal responses in 9 patients (19.6%). Five patients showed a late response (10.9%), and in two patients there was evidence of durable control of disease after cessation of ICI therapy. Serial pseudoprogression was observed in four patients with pseudoprogression (8.7%) and in one patient with symptomatic pseudoprogression (2.2%). Serial pseudoprogression was observed when comparing metastases of different organs, as well as metastases of the same organ. In most of the patients, isolated abscopal responses were found in one or two lesions, while two patients showed more abscopal responses in the lungs and liver. Other interesting immune phenomena observed included immune-related ileitis and pneumonia [36]. It is interesting to note how artificial intelligence can be decisive in the differential diagnosis of ICI-related pneumonia from other etiological agents [37].



This study demonstrated how atypical response patterns have a high incidence in mRCC patients receiving ICIs. Knowledge of the atypical response to ICIs in mRCC patients is of fundamental importance for radiologists, to give a correct interpretation of response to therapy together with prompt recognition of possible side effects. The level of evidence of this study was 2. Knowledge of these patterns is crucial for patient management and for improvement of clinical outcomes.




3.4. Body Composition


Martini et al. [38] investigated the body composition of 79 mRCC patients treated with ICIs for the evaluation of clinical outcomes through retrospective analysis [38]. Skeletal muscle, subcutaneous, intermuscular, and visceral adipose tissue densities were measured and converted to indices by dividing by height (m)2; the total adipose tissue index was obtained from the sum of these indices. Most patients (59.5%) received ICI monotherapy, while the remaining patients were treated with the ICI combination regimen. Furthermore, most of the patients had intermediate (54%) and poor (30%) IMDC risk criteria. Multivariate Cox analysis found that patients with a low total fat index had a significantly lower overall survival (HR: 2.72, CI: 1.43–5.17, p = 0.002), a significantly lower progression-free survival (HR: 1.91, CI: 1.09–3.35, p = 0.025), and a lower chance of clinical benefit (OR: 0.25, CI: 0.09–0.70, p = 0.008). Kaplan–Meier analysis showed that patients with a higher total fat index had significantly higher overall survival and progression-free survival than patients with a low total fat index (44.5 vs. 14.1 months, p = 0.0012 and 8.4 vs. 2.9 months, p = 0.0015, respectively). Furthermore, the total fat index, compared to IMDC and body mass index, presented higher C-statistics for predicting overall survival, progression-free survival, and clinical benefit [38].



Ueki et al. [39] investigated the association between sarcopenia and nivolumab response in 96 mRCC patients [39]. Sarcopenia was assessed by measuring the skeletal muscle index (SMI) and psoas muscle index (cm2/m2) = ([skeletal muscle cross-sectional area at the level of L3]/[height]2). Most patients were treated with TKIs as prior therapy. Furthermore, most patients were categorized according to intermediate and poor IMDC risk criteria (54.2% and 41.7%, respectively). In relation to the skeletal muscle index, 71 patients presented sarcopenia (74%), while 24 patients were not sarcopenic (26%); meanwhile, considering the psoas muscle index, 33 patients presented sarcopenia (34.4%), and 63 patients were not sarcopenic (65.6%). Despite large discrepancies in the assessment of sarcopenia, a correlation was found between the two indices (r = 0.488; 95% confidence interval (CI), 0.319–0.627; p < 0.001). Patients with psoas-muscle-index-based sarcopenia had shorter median overall survival (10.1 months vs. 48.4 months, p < 0.001) and shorter progression-free survival (1.9 months vs. 8.3 months, p < 0.001). In addition, multivariate analysis identified psoas-muscle-index-based sarcopenia as a significant and independent predictor of overall survival (hazard ratio (HR), 3.85; 95% CI, 2.04–7.26; p < 0.001) and poor IMDC risk status (HR, 1.90; 95% CI, 1.03–3.50; p = 0.041). Skeletal-muscle-index-based sarcopenia was not associated with overall survival in this study [39].



Since a high body mass index can lead to better outcomes of ICIs in mccRCC patients, Ged et al. [40] evaluated the body composition in this category of patients [40]. Body mass index and various body composition parameters (i.e., SMI and multiple adiposity indices) acquired from pretreatment CT scans of 205 mccRCC patients were evaluated. Response to therapy was assessed using RECIST v1.1. Whole-transcriptome patterns with body composition patterns were also evaluated on a separate cohort of 62 primary tumor samples. Patients with a high body mass index had higher overall survival than normal-weight patients (unadjusted HR, 0.66; 95% confidence interval (CI), 0.45–0.97; p = 0.035). Of the body composition variables, only SMI was associated with overall survival (unadjusted HR comparing low vs. high SMI, 1.65 (95% CI: 1.13–2.43); p = 0.009); this association, however, became insignificant after adjusting for IMDC score and line of therapy. Increased angiogenic, inflammatory, and myeloid signals were detected in tumors of low-SMI patients [40].



These studies demonstrate that body composition imaging is an important and active field of research with regard to clinical outcomes in mRCC patients treated with ICIs. Indeed, it has been demonstrated that reduced amounts of adipose tissue and muscle mass are associated with worse clinical outcomes. All of these studies had a level of evidence of 2. Future studies, with CT and MRI, will shed light on the complex relationships between body composition, clinical outcome, and genetic profile in mRCC [41,42].





4. Conclusions


The present literature review summarizes the role of CT in the evaluation of ICIs’ effects in mRCC patients. Several CT-imaging-derived data might be helpful to optimize clinical outcomes in mRCC patients, possibly assuming a key role in patient management. The application of the iRECIST 1.1 criteria to CT imaging allows the evaluation of therapeutic approaches, as well as the recognition of atypical response patterns and different responses to ICIs according to the site of metastasis. Artificial intelligence, CT texture analysis, and body composition are advanced imaging post-processing techniques with the potential to impact clinical outcomes. Radiomics associated with artificial intelligence can enable the automatic and fast acquisition of several data, possibly helping in the tailored management of the individual patient. From the point of view of precision medicine, these techniques might represent a step forward towards personalized treatment for each individual mRCC patient.
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Figure 1. Contrast-enhanced CT axial scan during the venous phase of a nephrectomized 75-year-old female mRCC patient, showing mass-like pathological lymphadenopathies located at the left retroperitoneal space (a) and relative CR after ICI treatment, with complete resolution of the mass (b). 
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Figure 2. Contrast-enhanced CT axial scan during the venous phase of a 67-year-old female mRCC patient, showing a cystic renal cell carcinoma located at the upper pole of the left kidney (a). SD at follow-up with dimensional stability after ICI treatment (b). 






Figure 2. Contrast-enhanced CT axial scan during the venous phase of a 67-year-old female mRCC patient, showing a cystic renal cell carcinoma located at the upper pole of the left kidney (a). SD at follow-up with dimensional stability after ICI treatment (b).



[image: Applsci 13 03779 g002]







[image: Applsci 13 03779 g003 550] 





Figure 3. Contrast-enhanced CT axial scan during the venous phase of a 67-year-old female mRCC patient, showing 2 cystic hepatic metastases (a). The lesions showed SD at follow-up with dimensional stability after ICI treatment (b). 
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Table 1. Summary of CT clinical studies related to the RECIST criteria in mRCC patients treated with ICIs.
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	Authors
	Navani et al. (2022) [22]
	Jajodia et al. (2022) [26]
	Zheng et al. (2020) [28]





	Objective
	To compare the likelihood of objective imaging response to IOIO vs. IOVE therapies
	Evaluate the different organ responses to nivolumab in surgically treated mRCC by describing response patterns and discrepancies between the RECIST 1.1 and iRECIST criteria
	To compare the iRECIST and RECIST 1.1 criteria for radiological tumor response in mccRCC patients treated with programmed cell death-1 inhibitor therapy



	Number of patients
	899 patients
	21 patients
	30 patients



	Histotypes
	702 ccRCC

197 non-ccRCC
	18 ccRCC

2 pRCC

1 MiT family translocation renal cell carcinoma
	30 ccRCC



	RECIST 1.1
	CR: 37 patients

PR: 344 patients

SD: 315 patients

PD: 203 patients
	CR: 0 patients

PR: 3 patients

SD: 4 patients

PD: 14 patients
	CR: 5 patients

PR: 4 patients

SD: 5 patients

PD: 15 patients



	iRECIST
	-
	iCR: 0 patients

iPR: 3 patients

iSD: 8 patients

iPD: 10 patients (8 iUPD -> 8 iCPD)
	iCR: 6 patients

iPR: 9 patients

iSD: 5 patients

iPD: 8 patients (2 iUPD -> 2 iCPD)



	IMDC favorable risk group (NR–R)
	59–68 patients
	-
	4



	IMDC intermediate risk group (NR–R)
	244–198 patients
	-
	23



	IMDC poor risk group (NR–R)
	147–78 patients
	-
	3



	Lung metastasis (NR–R)
	329 NR, S–289 R, S
	26 L
	Not specified



	Lymph node metastasis (NR–R)
	239 NR, S–195 R, S
	20 L
	Not specified



	Bone metastasis (NR–R)
	181 NR, S–114 R, S
	-
	Not specified



	Liver metastasis (NR–R)
	80 NR, S–57 R, S
	10 L
	Not specified



	Brain metastasis (NR–R)
	33 NR, S–16 R, S
	5 L
	Not specified



	Adrenal gland metastasis (NR–R)
	81 NR, S– 57 R, S
	4 L
	Not specified



	Spleen metastasis (NR–R)
	50 NR, S–31 R, S
	-
	Not specified



	Soft tissue metastasis
	-
	7 L
	Not specified



	Peritoneum metastasis
	-
	4 L
	Not specified



	Best overall response in the IMDC intermediate and poor risk groups, IOIO therapy
	CR: 20 patients

PR: 180 patients

SD: 183 patients

PD: 145 patients
	-
	-



	Best overall response in the IMDC intermediate and poor risk groups, IOVE therapy
	CR: 4 patients

PR: 72 patients

SD: 46 patients

PD: 17 patients
	-
	-



	Results
	Increased likelihood of obtaining response from IOVE therapy compared to IOIO therapy (OR, 1.89; 95% CI, 1.26–2.81; p = 0.002).

Increased likelihood of response is associated with the presence of lung metastasis (OR, 1.49; 95% CI, 1.01–2.20), receipt of cytoreductive nephrectomy (OR, 1.59; 95% CI, 1.04–2.43), and favorable IMDC risk (OR, 1.93; 95% CI, 1.10–3.39)
	Different responses were found between organ categories (Kruskal–Wallis p = 0.003).

The response rates differed significantly among the lesion groups according to the location (Fisher p = 0.02)
	The objective response rate during therapy was 30% for RECIST 1.1 (95% confidence interval (CI): 13.6–46.4) and 50% for iRECIST (95% confidence interval (CI): 13.6–46.4)

Significant differences between iRECIST and RECIST 1.1 were shown (p < 0.001)



	Level of evidence *
	2
	2
	2







* SIGN100: Scottish Intercollegiate Guidelines Network 2019. ccRCC, clear-cell renal cell carcinoma; CR, complete response; CT, computed tomography; iCR, immune-related complete response; IOIO, ipilimumab–nivolumab; IOVE, axitinib–avelumab, axitinib–pembrolizumab, cabozantinib–nivolumab, and lenvatinib–pembrolizumab; IMDC, International Metastatic Renal Cell Carcinoma Database Consortium; iPD, immune-related progressive disease; iPR, immune-related partial response; iSD, immune-related stable disease; L, lesions; NR, no response; PD, progressive disease; PR, partial response; pRCC, papillary renal cell carcinoma; R, response; RECIST, Response Evaluation Criteria in Solid Tumors; S, sites of metastasis; SD, stable disease.
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Table 2. Summary of CT predictive clinical studies related to radiomics in mRCC patients treated with ICIs.
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	Authors
	Malone et al. (2021) [31]
	Khene et al. (2021) [34]
	Khene et al. (2021) [35]
	Park et al. (2022) [11]





	Objective
	To predict tumor response in mRCC patients treated with nivolumab through CT signature texture analysis
	To predict progression-free survival and overall survival in mRCC patients treated with nivolumab through CT signature texture analysis
	To predict tumor response in mRCC patients treated with nivolumab through CT signature texture analysis
	To predict oncological outcomes in mRCC patients treated with ICIs through CT signature texture analysis



	Number of patients
	27 patients
	48 patients
	48 patients
	68 patients



	Histotypes
	24 ccRCC

3 non-ccRCC
	48 ccRCC
	48 ccRCC
	46 ccRCC

9 pRCC

5 chRCC

8 others RCC



	RECIST 1.1
	CR, PR or SD: 19 patients

PD: 8 patients
	CR: 0 patients

PR: 9 patients

SD: 20 patients

PD: 19 patients
	CR: 0 patients

PR: 9 patients

SD: 20 patients

PD: 19 patients
	CR or PR: 17 patients

SD: 19 patients

PD: 27 patients

Unknown: 5 patients



	IMDC favorable risk group
	8 patients
	17 patients
	17 patients
	9 patients



	IMDC intermediate risk group
	16 patients
	22 patients
	22 patients
	39 patients



	IMDC poor risk group
	3 patients
	9 patients
	9 patients
	20 patients



	Lung metastasis (L or S)
	24 L
	20 S
	20 S
	51 L



	Lymph node metastasis (L or S)
	62 L
	28 S
	28 S
	97 L



	Bone metastasis (L or S)
	-
	18 S
	18 S
	-



	Liver metastasis (L or S)
	-
	15 S
	15 S
	41 L



	Brain metastasis (L or S)
	-
	3 S
	3 S
	



	Renal or adrenal gland metastasis (L or S)
	18 L
	12 (only adrenal) S
	12 (only adrenal) S
	17 renal and 22 adrenal L



	Pancreas metastasis (L or S)
	
	3 S
	3 S
	11 L



	Muscle metastasis (L or S)
	-
	-
	-
	10 L



	Peritoneum metastasis (L or S)
	-
	-
	-
	40 L



	Pleural metastasis (L or S)
	-
	-
	-
	9 L



	Results
	Texture analysis demonstrated poor ability to predict nivolumab responders from non-responders, with 69% overall accuracy for baseline CT scans (AUC = 0.46, p = 0.30) and with 66% overall accuracy on the first post-treatment CT scans (AUC = 0.51, p = 0.40)
	The skewness texture parameter was confirmed as an independent predictor of progression-free survival by multivariate Cox regression analysis (HR (95% CI) 1.49 [1.21–1.85], p < 0.001). The S22 entropy texture parameter was confirmed as an independent predictor of overall survival by multivariate Cox regression analysis (HR (95% CI) 1.68 (1.31–2.14), p < 0.001).
	Radiomic analysis demonstrated the accuracy scores of the k-nearest neighbor, random forest, logistic regression, and support-vector machine predictive models to be 0.82, 0.71, 0.91, and 0.81, respectively, with area under the receiver operating characteristic curve scores of 0.79, 0.67, 0.92, and 0.71, respectively.
	Radiomic analysis distinguished longer- and shorter-term survivors for both overall survival (p = 0.048) and

progression-free survival (p = 0.003). The follow-up texture models distinguished longer- and shorter-term overall survivors (p = 0.008). The combined clinical–texture model predicted the overall survival (p = 0.03) and progression-free survival (p = 0.04).



	Level of evidence *
	2
	2
	2
	2







* SIGN100: Scottish Intercollegiate Guidelines Network 2019. ccRCC, clear-cell renal cell carcinoma; chRCC, chromophobe renal cell carcinoma; CR, complete response; CT, computed tomography; IMDC, International Metastatic Renal Cell Carcinoma Database Consortium; L, lesions; mRCC, metastatic renal cell carcinoma; PD, progressive disease; PR, partial response; pRCC, papillary renal cell carcinoma; RECIST, Response Evaluation Criteria in Solid Tumors; S, sites of metastasis; SD, stable disease.
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