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Background

Since the application of Immune checkpoint inhibitors (ICI), the clinical outcome for metastatic cancer has been greatly improved. Nevertheless, treatment response varies in patients, making it urgent to identify patients who will receive clinical benefits after ICI therapy. Adipose body composition has proved to be associated with tumor response. In this systematic review, we aimed to summarize the current evidence on imaging adipose biomarkers that predict clinical outcomes in patients treated with ICI in various cancer types.





Methods

Embase and PubMed were searched from database inception to 1st February 2023. Articles included investigated the association between imaging-based adipose biomarkers and the clinical outcomes of patients treated with ICI. The methodological quality of included studies was evaluated through Newcastle- Ottawa Quality Assessment Scale and Radiomics Quality Score tools. 





Results

Totally, 22 studies including 2256 patients were selected. Non-small cell lung cancer (NSCLC) had the most articles (6 studies), followed by melanoma (5 studies), renal cell carcinoma (RCC) (3 studies), urothelial carcinoma (UC) (2 studies), head and neck squamous cell carcinoma (HNSCC) (1 study), gastric cancer (1 study) and liver cancer (1 study). The remaining 3 studies investigated metastatic solid tumors including various types of cancers. Adipose biomarkers can be summarized into 5 categories, including total fat, visceral fat, subcutaneous fat, intramuscular fat and others, which exerted diverse correlations with patients’ prognosis after being treated with ICI in different cancers. Most biomarkers of body fat were positively associated with survival benefits. Nevertheless, more total fat was predictable of worse outcomes in NSCLC, while inter-muscular fat was associated with poor clinical benefits in UC. 





Conclusion

There is relatively well-supported evidence for imaging-based adipose biomarkers to predict the clinical outcome of ICI. In general, most of the studies show that adipose tissue is positively correlated with clinical outcomes. This review summarizes the significant biomarkers proven by researches for each cancer type. Further validation and large independent prospective cohorts are needed in the future. The protocol of this systematic review has been registered at the International Prospective Register of Systematic Reviews (http://www.crd.york.ac.uk/PROSPERO, registration no: CRD42023401986).
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1 Introduction

Immune checkpoint inhibitors (ICI) have revolutionized the clinical survival of patients with advanced cancers. Since the introduction of ICI in melanoma in 2011, the 5-year survival rates could approach 35% to 40% in metastatic melanoma with an average life expectancy ranging from six to twelve months before (1). For non-small cell lung cancer (NSCLC), accounting for 80-90% of primary lung cancer (2), the approval of ICI in 2015 increased the 5-year survival rate from less than 10% to more than 30% (3). Currently, immunotherapy, particularly ICI, is an attractive and viable treatment option for various cancer types (4). ICI achieves clinical success by inhibiting the immune checkpoints between differentiation 8 (CD8) T lymphocytes and tumorigenic cells, with the programmed cell death protein 1 (PD-1), the programmed death-ligand 1 (PD-L1) and CTLA-4 being the most well-studied checkpoints (5). Despite its success, treatment response to ICI varies greatly among patients, with some experiencing adverse events and minimal benefits. For instance, only 4% of patients with NSCLC showing remission, defined as responding to ICI, were still alive after 4.5 years. In addition, it is universally acknowledged that immunotherapy is costly and can lead to numerous adverse events, such as colitis, diarrhea and polyarthritis (6). Therefore, identifying patients who are likely to benefit from ICI treatment is of great significance (7).

Several biomarkers have been identified to predict the response of ICI, while accurately predicting clinical outcomes remains a challenge. Biomarkers related to ICI treatment are often collected from tissue samples and include inflammatory cytokines, tumor-infiltrating lymphocytes, mutation variants, and levels of PD-L1 or CTLA-4 (8). Despite their association with a favorable response for the above biomarkers, their predictive power and feasibility are still uncertain. For example, the adoption of the percentage of tumor cells expressing PD-L1, a commonly used biomarker based on the mechanism of ICI (9), remained controversial regarding its reliability and disability of reflecting dynamic PD-L1 expression (10, 11). A large meta-analysis also revealed that PD-L1 expression status alone is insufficient for determining which patients should receive PD-1 or PD-L1 blockade therapy (12). Current predictive factors do not fully meet the needs of clinical prognosis prediction for ICI.

Body composition, measured by imaging method, was reported to be significantly associated with the clinical benefit of ICI (13). Visceral adipose tissue, subcutaneous adipose tissue, intra-muscular adipose tissue and total body fat tissue, are widely studied body composition. Adipose tissue is implicated in tumorigenesis and progression, while the “obesity paradox” suggests that obese tumor patients have better survival outcomes during treatment (14). Adipose tissue in visceral and subcutaneous have different origins, which may determine the functional heterogeneity in tumors (15). Recent studies have investigated the association between adipose composition and immunotherapy efficacy. Takenaka et al. reported lower visceral fat was significantly associated with poor disease control in head and neck squamous cell carcinoma (HNSCC) (16). Sabel et al. found higher visceral fat distance predicted poor survival of patients with melanoma (17). The results in different cancers and the distinctive biomarkers applied to even the same tissue vary. Thus, there is a need to identify specific adipose biomarkers to predict clinical outcomes in specific cancers.

In this systematic review, we aimed to summarize the ability of different imaging-based adipose biomarkers to predict the clinical outcomes after ICI treatment. The patients with any malignancy treated with ICI were the targeted population. Investigated predictors are adipose biomarkers and models deriving from imaging. Investigated clinical outcomes include therapy response, progression-free survival (PFS), overall survival (OS) and tumor remission. The quality of image mining cohort studies was assessed by Newcastle-Ottawa Quality Assessment Scale (NOS) and radiomics quality scoring (RQS) tools.




2 Materials and methods



2.1 Protocol registration

The systematic review was performed in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) guidelines (18). The protocol of this systematic review has been registered at the International Prospective Register of Systematic Reviews (http://www.crd.york.ac.uk/PROSPERO, registration no: CRD42023401986).




2.2 Search strategy

The electronic databases including PubMed and Embase were searched to identify relevant studies from inception to February 2023 with the limitations of English language and human subjects using a combination of relevant free text terms and controlled vocabulary (MeSH or EMTREE terms). The details of search strategies are presented in Supplementary Tables 1, 2.




2.3 Eligible criteria

Studies were included if they were prospective and retrospective observational studies that reported the associations between imaging-based adipose biomarkers and clinical outcomes of cancers treated with ICI. The adipose biomarkers in the observational study needed to be measured by standardized and validated software analyzing the medical images, such as CT and MRI. The cancers also needed to be identified based on the medical records. The study population was restricted to adults aged 18 years or older. Only studies with English versions were included. Exclusion criteria were as follows: (1) non-original research such as case reports, reviews, letters, comments and meta-analyses; (2) studies without comparison by imaging-based adipose biomarkers category; (3) studies with insufficient information to evaluate the effect of imaging-based adipose biomarkers on clinical outcome of cancers. (4) Studies only reported other types of immunotherapy instead of ICI therapy. Unpublished data and studies not published in peer-reviewed journals were also excluded.




2.4 Study selection and data extraction

After the removal of duplicates, titles and abstracts were preliminarily screened, and full-text articles of potentially relevant studies were retrieved for further assessment of eligibility by two independent reviewers (XP and YX). Any disagreements were resolved through discussion with a senior reviewer (KN). Additionally, manual reference list searches of retrieved studies were conducted to identify additional eligible articles. Data extraction was conducted according to a predefined data extraction form by two reviewers (XP and YL) independently, and the results were further verified by a senior reviewer (KN). The following information was extracted from each study: first author and publication year, study design, study population, sample size, exposure assessment and main results. Discrepancies in data extraction were discussed and resolved by consensus among the reviewers.




2.5 Study quality assessment

The NOS was used to assess the quality of all retrospective studies based on three domains: selection of study groups (0-4 scores), comparability of groups (0-2 scores), and ascertainment of exposure or outcomes (0-3 scores) (19). The total scores of 0-3, 4-6, and 7-9 were considered to represent low, moderate, and high quality, respectively. In addition to the risk of bias evaluation, the 16-component RQS tool was used to assess the quality of all radiomic studies (20). Two investigators (YL and YX) independently evaluated the studies, and disagreements were resolved by consensus.





3 Result

The systematic search workflow is shown in Figure 1. Our initial search yielded 1410 potentially relevant records from the MEDLINE and EMBASE databases. After removing 302 duplicates, 1108 articles were screened by abstract and title, and only 71 articles were retained for full-text screening. Ultimately, 22 studies were included for analysis, with 49 studies excluded (21–31).




Figure 1 | Flow diagram for study selection.





3.1 General characteristics

Table 1 displays detailed characteristics of the 22 articles included in this study. The total number of patients analyzed was 2,256, with a median sample size of 85, ranging from 18 to 287. As for the specific type of cancers, the majority of articles examined lung cancer (6 studies), followed by melanoma (5 studies), renal cell carcinoma (3 studies), urothelial carcinoma (2 studies), head and neck squamous cell carcinoma (1 study), gastric cancer (1 study) and liver cancer (1 study). The remaining 3 studies investigated metastatic solid tumors including various types of cancers. All researches were retrospective cohort studies with a median follow-up of 17.3 months. All patients received at least one ICI agent, with 12 studies using anti-PD-1/PD-L1 therapy and 4 studies using anti-CTLA4 therapy. CT was the most commonly used imaging modality, followed by PET/CT and MRI. Quality assessment using NOS and RQS screening is provided in Supplementary Tables 3, 4, respectively.


Table 1 | Characteristics of Included Studies.



Adipose was measured by imaging-based biomarkers as follows. Total body fat (TBF) was defined as the sum of subcutaneous fat area (SCFA) and visceral fat area (VFA) according to the specific level of the body. Total fat index (TFI), visceral fat index (VFI), subcutaneous fat index (SFI) and inter-muscular fat index (IFI) were obtained by TBF, VFA, SCFA and inter-muscular fat area, respectively normalized for height squared. ΔVFI and ΔSFI represented the changes in VFI and SFI before and after neoadjuvant therapy, respectively. Δt-TFI, Δt-VFI and Δt-SFI were defined as the change of TFI, VFI and SFI from the first day of ICI initiation to early CT-scan evaluation (2 months later), divided by the time. Visceral fat volume (VATV) and subcutaneous fat volume (SATV) were measured by MRI for adipose tissue accumulation in each slice. Fat body mass (FBM), visceral fat mass (VFM) and subcutaneous fat mass (SCFM) was calculated as follows (22):

	

	

	

	

Nfat was defined as the number of voxels of fat, and Vvoxel  manifests the volume of one voxel (in ml). ρfat was equal to 0.923 g/ml.  kfat is calculated as the mean ratio of whole-body voxels of fat divided by numbers of voxels of fat between ischium and the eyes. Visceral-to subcutaneous ratio (VSR) was VFA/SFA ratio, while SAT% referred to SFA/(SFA + VFA) ratio. Body composition risk score used by DJ Martini et al., 2021 was calculated as s IFI + 2* skeletal muscle (SM) density mean + SFI (32), while body composition risk score adopted by another paper was calculated as skeletal muscle index (SMI) + 2 attenuated SM mean + VFI. Fat-only wasting represented a post-therapeutic decrease in TAI but no change in SMI, and muscle and fat wasting (MFW) represented a post-therapeutic decrease in TAI and SMI (29). Intramuscular adipose content (IMAC) was determined by the ratio of the attenuation in HU of the psoas muscle (21) and subcutaneous fat, or the ratio of the bilateral multifidus muscles density (21, 33) and subcutaneous fat density. Visceral fat distance was defined as the average distance between the anterior aspect of the vertebra and the linea alba along T12 to L4. These biomarkers could be summarized into five categories, including total fat, visceral fat, subcutaneous fat, inter-muscular fat and others, as is shown in Figure 2.




Figure 2 | Summary of various fat parameters.






3.2 NSCLC

Overall, six papers reported on the correlation between body fat and ICI efficacy, in which three papers (22) demonstrated a positive correlation between more body fat and improved survival, while the other three papers failed to show such a relationship. Three studies reported on the metrics of visceral adipose tissue displayed controversial findings: one paper (22) illustrated the loss of visceral as a poor prognostic factor for patients’ OS, while the remaining two papers (21, 25) reported no significant association with survival. VFM was significantly demonstrated to be positively associated with patients’ 1-year OS (p=0.0075), while VFA and VFI failed to achieve a similar association. Two studies (22, 25) investigated the predictive value of subcutaneous adipose tissue but with opposite results: loss of SCFM in one study was regarded as a poor prognostic factor in one study, while failed to display correlation in the other study; SFI and SFA were also applied in one study but had no prognostic impact on OS. Intramuscular adipose tissue was reported by two papers (21, 34) both with no significant findings. VSR was employed in two studies (21, 25) that both demonstrated no predictive value of patients’ OS. Two papers (22, 25) investigated FBM and made opposite discoveries: one study reported it as a positive prognostic factor for OS in multivariate analysis, while the other paper found no significant association. TFI was reported in two papers (23, 25) with diverse findings: one study demonstrated loss of TFI as a positive prognostic factor for non-cachexia patients’ overall response rate (ORR) and PFS, whereas the other reported no significant association. One study (26) investigated weight loss of advanced NSCLC patients, which was significantly reflected by a loss of VAT and SAT, and showed a significant correlation with poorer OS (p<0.001).




3.3 Renal cell carcinoma (RCC)

Three studies in total reported the relationship between body fat and ICI efficacy with conflicting results: two papers with larger sample sizes (n=251 and n=79) demonstrated a positive correlation with survival, while one study reported no significant correlation. Subcutaneous adipose tissue was measured in two papers (27, 30) with diverse findings: SFI and SFA failed to show significant predictive value in these two studies, whereas SAT% was demonstrated as a positive prognostic factor for patients’ OS and PFS. One paper (27) investigated the predictive value of visceral adipose tissue using VFA but found no significant correlation with survival.TFI was showed in one study (32) to be significantly associated with OS and PFS, while the body composition risk score applied in the same study was a poor prognostic factor for OS, PFS and clinical benefit (CB).




3.4 Urothelial carcinoma (UC)

Two papers investigated the role of body fat in predicting survival outcomes after ICI treatment, both demonstrating it as a prognostic factor. One study (28) conducted on 70 patients with advanced urothelial carcinoma in the US reported a positive correlation of SFI and VFI with patients’ OS, PFS and CB, while IFI was associated with poorer survival outcomes. Body composition risk score was also demonstrated to be significantly associated with worse survival. In the other study (29), the best OS and PFS were observed in the NW group, followed by the FW and MFW groups, respectively.




3.5 Melanoma

Five studies investigated the relationship between body fat and ICI treatment outcomes, with conflicting results: two papers demonstrated a positive correlation, while three other papers failed to find a significant association with survival. Visceral fat was analyzed in four papers with inconsistent results: visceral fat distance was reported in one study (17) to significantly predict patients’ OS (p=0.022), while VFA displayed no predictive value for patients’ PFS in another study (35). VATV (36) and VAI (37) were also analyzed in separate studies, but no significant correlation with survival outcomes was found. The influence of subcutaneous adipose tissue was investigated in three papers (35–37) with similar results: all papers reported no association of subcutaneous fat with survival benefit measured by either SFA, SFI or SATV. Two studies (35, 38) investigated total adipose tissue, but neither TBF nor TFI displayed a significant association with PFS or OS.




3.6 HNSCC

Considering the therapeutic mode for HNSCC, only one paper (16) investigated the possible prognostic value of body fat on the survival benefit of recurrent or metastatic HNSCC patients. SFI was reported in this study to be positively associated with patients’ OS in univariate analysis, but no correlation was found with PFS or response rate (RR). Similarly, VFI was also demonstrated to have a significant association with better survival in terms of either OS, PFS or RR.




3.7 Gastric cancer

Only one paper (39) investigated the predictive value of body fat on ICI efficacy in patients with advanced gastric cancer. This retrospective study by Lin et al. involving 101 patients with locally advanced gastric cancer demonstrated no predictive value of VAI, SAI or variations of these two indexes on tumor remission.




3.8 Liver cancer

One paper (40) by L Xiao et al. reported on the correlation of body fat with the survival of 172 patients with primary liver cancer treated with anti-PD-1/PD-L1 therapy, and the results showed predictive effects of visceral fat, subcutaneous fat and total adipose tissue. VFI and SFI were both associated with better OS (p=0.001 and p<0.001) but not PFS. TFI also had a significant correlation with patients’ OS (p<0.001). Although VSR was applied, no significant findings were reported in terms of patients’ survival benefits.




3.9 Solid tumor

Three papers investigated the association of body fat and ICI therapy in various solid tumors altogether and found significant results in all papers. Visceral fat was reported in two of these studies (41, 42) with diverse findings: one paper applied TFI and its variation as the measurement for visceral fat and discovered a significant correlation between the variation of VFI and patients’ PFS (p=0.0001). VFA and its square root were employed in the other paper but reported no protective factor for patients’ OS in either of these indicators. All three papers measured subcutaneous adipose tissue as a possible prognostic factor but showed conflicting results: SFI was investigated in two papers (41, 43) with one regarding it as a protective factor for patients’ OS and OFS and the other reporting no significant correlation. The variation of SFI though displayed a positive correlation with patients’ PFS (p=0.001) in one study (41). SFA and its square root failed to show significant results in one paper (42). The influence of total body fat was investigated in two papers (41, 42) with conflicting results: only the variation of TFI demonstrated a positive association with patients’ PFS (p<0.0001) in one study, whereas no significant correlation was reported in TFI or total fat area (TFA). VSR and its square root were investigated in one paper (42), the latter of which was associated with better OS (p=0.047).





4 Discussion

Owing to the encouraging therapeutic effect on cancers, ICI has become an emerging treatment for cancers (13). Considering the variability of clinical outcomes of ICI therapy, it is urgent to identify patients that will get clinical benefits from it (44). Adipose tissue has been linked to prognosis in patients treated with immunotherapy, mainly including total body fat, visceral fat, subcutaneous fat and inter-muscular fat (6). However, the predictive value of these adipose biomarkers varies by cancer type. In this review, we summarize studies regarding the role of body fat composition in immunotherapy and its potential mechanisms.

Our systematic review identified seven cancers with clinical outcomes associated with imaging-based adipose biomarkers. A higher amount of total fat was correlated with favorable outcomes in RCC and liver cancer, while a higher amount of total fat was correlated with worse outcomes in NSCLC. More visceral adipose tissue predicted better clinical outcomes in NSCLC, UC, melanoma and liver cancer, whereas higher subcutaneous adipose accumulation was related to clinical benefits in NSCLC, RCC, UC and liver cancer. More inter-muscular adipose tissue was only associated with poorer survival benefits in UC. These varied results may be attributed to differences in structure, function and cytokine release of the different types of adipose tissue (45).

This systematic review provides a comprehensive overview of the imaging-based adipose biomarkers that can predict the clinical outcome of ICI therapy, offering insights into the use of radiometric adipose biomarkers. For lung cancer, FBM, TFI, VFM, SCFM and weight loss could be used as predictors of clinical outcome. For RCC, TFI, SAT% and body composition risk score integrating IFI, SM and SFI were the significant predictors of clinical outcome. For UC, the adoption of VFI, SFI and IFI to predict clinical outcomes may be effective. For melanoma, visceral fat distance manifested as a significant predictor. For HNSCC, VFI and SFI were selectable predictors. For gastric cancer, SFI was an optional predictor. For liver cancer, the significant predictors that could be adopted were VFI, SFI and VSR. When combining various cancer types, Δt-TFI, Δt-VFI, Δt-SFI, SFI and the square root of VSR could serve as potential predictors.

CT-based body composition is a promising predictive marker for cancer immunotherapy, superior to the traditional body indicator body mass index (BMI). BMI is a simple method of measuring body weight, typically calculated by dividing weight (in kilograms) by height (in meters) squared, and higher BMI was reported to be significantly associated with prognosis in various cancer studies (46). Nevertheless, BMI is limited by race specificity and individual heterogeneity (47),and cannot differentiate between different types of tissues like muscle and fat, or reflect body fat distribution (45). For example, individuals with a high BMI but low body fat may belong to the category of muscular obesity, while a person with a normal BMI but excessive visceral fat may have metabolic syndrome and related disease risks. Therefore, in clinical practice, BMI and body fat composition, among other indicators, should be considered in combination according to the specific circumstances to assess a patient’s health status and disease risks.

Body fat can impact immunotherapy through various mechanisms. As an endocrine organ, adipose tissue secretes adipokines such as leptin and adiponectin, which can contribute to tumor formation, invasion, angiogenesis, and immune evasion (48). Additionally, fat serves as a reservoir for immune cells, and mobilizing immune cells in fat can enhance anti-tumor activity (49). Higher fat levels may also provide patients with better nutrition and social status, potentially protecting them from cachexia (50). Moreover, tumor cells can also use fat to form abnormal tumor metabolic pathways to provide energy or evade immune surveillance (51). Tumor cells can also utilize fat to create abnormal metabolic pathways that supply energy and evade immune surveillance. We have reviewed relevant research on adipose tissue and identified several mechanisms by which it can influence the clinical outcome of ICI therapy.

Initially, adipose tissue was related to the pharmacokinetics, bioavailability and accumulation of the ICI. In vivo PET imaging found that the bio-distribution of 9Zr-nivolumab in adipose tissue was low, with uptake unaffected by the addition of 1 or 3 mg/kg. Patients with high FBM receive a relatively high dose in non-fat tissue, such as tumor targets. Bensch et al. also found that 1.56% to 18.95% of the injected dose accumulated in fat tissue (52). The “storage effect” of the adipose tissue can influence the overall distribution of therapeutic antibodies.

Additionally, obesity-related inflammation and pro-inflammatory cytokines can also have an impact on the immune response to ICI therapy. Chronic inflammation, characterized by elevated circulating levels of IL-1, IL-6 and TNF, is associated with both obesity and cancer (53). On the one hand, adipose tissue can have an adverse effect on immunotherapy, and the relationship between IL-1β and myeloid-derived suppressor cells (MDSCs) is of particular interest. MDSCs are a heterogeneous group of immature myeloid cells that promote immunosuppression and angiogenesis in tumors (54) and augment tumor growth through exacerbating inflammatory conditions. The recruitment of activated Treg lymphocytes and the function of CD4+ and CD8+ suppressed by interleukin-10, may contribute to the immunosuppressive effect of MDSCs (55). It has been reported that IL-1β, elevated by adipose tissue, induced the activation of MDSCs infiltrating tumor, and thus attenuate the therapeutic effect of ICI (23). Inhibition of IL-1β has been shown to improve tumor immunity (56). On the other hand, when cachexia is involved, characterized by adipose tissue loss, the effect of reduced adipose tissue loss may be obscured. It is reported that cancer cachexia is associated with reduced PD-1/PD-L1 inhibitor efficacy in NSCLC patients (57, 58). The failure to reduce IL-1β and cachexia-related mediators like TNF-α and IL-6 by reduced fat mass may contribute to this (59, 60).

Moreover, the close link between sone specific adipokines and cancer immunity could also serve as a potential explanation. Adipokines refer to the cytokines released from adipose tissue, including leptin, adiponectin and resistin. Leptin, the most well-studied adipokine in ICI therapy, increases the expression of PD-L1 on adipocytes during adipogenesis and promotes the immune escape of cancer (61). Nevertheless, high expression of PD-L1 in adipocytes, especially in visceral adipose tissue, also enhances the effectiveness of anti-PD-1/PD-L1 therapy. Tumor-infiltrating lymphocytes are also found to increase markers of exhaustion in diet-induced obese (DIO) mice, while progression rates in DIO mice are similar to control mice after anti-PD-L1 therapy (62). Adiponectin, another well-known adipocyte-secreted cytokine, is proven to negatively regulate the anti-tumor activity in CD8+ T cells through the activation of SATA3 (63). Resistin, a member of the resistin-like molecule family, was mostly found to influence the tumor itself. It is reported that resistin can elicit the expression of adhesion molecules including intercellular adhesion molecule-1 (ICAM-1) and vascular cell adhesion molecule (VCAM-1) to facilitate the cell invasion and metastasis of tumors (64). Besides, resistin also plays an important role in apoptosis-resistance, cancer stemness, angiogenesis and therapeutic resistance (65). Therefore, it is a double-edged sword that obesity promotes oncogenesis but with a robust host immune response to ICI.

There are also some limitations in this systematic review. Firstly, all studies included in this systematic review were retrospective. Although the studies reported have been fully included and discussed, the selection and heterogeneity of retrospective studies can’t be resolved. Hence, more prospective cohorts are needed to validate the association between fat and tumor immunotherapy. Secondly, there is a lack of universally agreed-upon tools to assess the risk of bias in included studies. Although the combination of NOS and RQS was used to assess the quality of the radiomics retrospective studies, it may not be sufficient for all types of studies. NOS was intended to detect the possible risk of bias in retrospective studies, while RQS mainly focuses on the guidance of good radiomics studies. Thirdly, the heterogeneity of adipose biomarkers used in the studies included in this review precluded the possibility of a quantitative meta-analysis, which limits the generalizability of the results. This limitation can commonly be seen in other reviews (66, 67). Meanwhile, the absence of confounding analysis, may potentially introduce a confounding effect that requires careful consideration. Finally, since the limited number of patients using ICI, a relatively emerging therapy of cancer, the population size in the studies included is relatively small. Besides, in some cancers like gastric cancer and head and neck squamous cell carcinoma, there are only a limited number of studies included, which means we should be more prudent when drawing conclusions regarding them. Therefore, more studies involving a large number of subjects are an unmet need in the future.




5 Conclusion

In summary, there is relatively well-supported evidence for imaging-based adipose biomarkers to predict the clinical outcome of ICI, despite the diversity of geographical populations and treatment protocols in each study. Generally, adipose tissue manifests a close correlation with clinical outcomes, with most of the studies included in our study showing positive outcome. Considering the diversity of imaging biomarkers and their corresponding outcomes, even in the same category, we summarize the significant predictors that have been proven by researches. Future studies should focus on the validation of these biomarkers in sufficiently large independent prospective cohorts.





Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material. Further inquiries can be directed to the corresponding authors.





Author contributions

Conceptualization, XP, YX, YL, KN and HT. Data acquisition, XP and YX. Methodology, YL, LH and XY. Validation, LZ, MZ and XZ. Writing—original draft preparation, XP, YX. Writing—review and editing, XP, YL and KN. Visualization, KN and XP. Supervision, KN and HT. Project administration, XP, KN and HT. All authors contributed to the article and approved the submitted version.





Funding

A Project Supported by Scientific Research Fund of Hunan Provincial Education Department (21C0010).





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fonc.2023.1198723/full#supplementary-material




References

1. Weiss, SA, Wolchok, JD, and Sznol, M. Immunotherapy of melanoma: facts and hopes. Clin Cancer Res (2019) 25(17):5191–201. doi: 10.1158/1078-0432.CCR-18-1550

2. Siegel, RL, Miller, KD, and Jemal, A. Cancer statistics, 2018. CA Cancer J Clin (2018) 68(1):7–30. doi: 10.3322/caac.21442

3. Garon, EB, Rizvi, NA, Hui, R, Leighl, N, Balmanoukian, AS, Eder, JP, et al. Pembrolizumab for the treatment of non-small-cell lung cancer. N Engl J Med (2015) 372(21):2018–28. doi: 10.1056/NEJMoa1501824

4. Hargadon, KM, Johnson, CE, and Williams, CJ. Immune checkpoint blockade therapy for cancer: An overview of FDA-approved immune checkpoint inhibitors. Int Immunopharmacol (2018) 62:29–39. doi: 10.1016/j.intimp.2018.06.001

5. Franzin, R, Netti, GS, Spadaccino, F, Porta, C, Gesualdo, L, Stallone, G, et al. The use of immune checkpoint inhibitors in oncology and the occurrence of AKI: where do we stand? Front Immunol (2020) 11:574271. doi: 10.3389/fimmu.2020.574271

6. Zhang, C, de, AFFL, Shi, Z, Zhu, C, Dekker, A, Bermejo, I, et al. Systematic review of radiomic biomarkers for predicting immune checkpoint inhibitor treatment outcomes. Methods (2021) 188:61–72. doi: 10.1016/j.ymeth.2020.11.005

7. Antonia, SJ, Borghaei, H, Ramalingam, SS, Horn, L, De Castro Carpeño, J, Pluzanski, A, et al. Four-year survival with nivolumab in patients with previously treated advanced non-small-cell lung cancer: a pooled analysis. Lancet Oncol (2019) 20(10):1395–408. doi: 10.1016/S1470-2045(19)30407-3

8. Trebeschi, S, Drago, SG, Birkbak, NJ, Kurilova, I, Călin, AM, Delli Pizzi, A, et al. Predicting response to cancer immunotherapy using noninvasive radiomic biomarkers. Ann Oncol (2019) 30(6):998–1004. doi: 10.1093/annonc/mdz108

9. Akinleye, A, and Rasool, Z. Immune checkpoint inhibitors of PD-L1 as cancer therapeutics. J Hematol Oncol (2019) 12(1):92. doi: 10.1186/s13045-019-0779-5

10. Teixidó, C, Vilariño, N, Reyes, R, and Reguart, N. PD-L1 expression testing in non-small cell lung cancer. Ther Adv Med Oncol (2018) 10:1758835918763493. doi: 10.1177/1758835918763493

11. Galon, J, Mlecnik, B, Bindea, G, Angell, HK, Berger, A, Lagorce, C, et al. Towards the introduction of the ‘Immunoscore’ in the classification of Malignant tumours. J Pathol (2014) 232(2):199–209. doi: 10.1002/path.4287

12. Shen, X, and Zhao, B. Efficacy of PD-1 or PD-L1 inhibitors and PD-L1 expression status in cancer: meta-analysis. Bmj (2018) 362:k3529. doi: 10.1136/bmj.k3529

13. Ter Maat, LS, van Duin, IAJ, Elias, SG, van Diest, PJ, Pluim, JPW, Verhoeff, JJC, et al. Imaging to predict checkpoint inhibitor outcomes in cancer. A systematic review. Eur J Cancer (2022) 175:60–76. doi: 10.1016/j.ejca.2022.07.034

14. Lee, DH, and Giovannucci, EL. The obesity paradox in cancer: epidemiologic insights and perspectives. Curr Nutr Rep (2019) 8(3):175–81. doi: 10.1007/s13668-019-00280-6

15. Vijay, J, Gauthier, MF, Biswell, RL, Louiselle, DA, Johnston, JJ, Cheung, WA, et al. Single-cell analysis of human adipose tissue identifies depot and disease specific cell types. Nat Metab (2020) 2(1):97–109. doi: 10.1038/s42255-019-0152-6

16. Takenaka, Y, Takemoto, N, Otsuka, T, Nishio, M, Tanida, M, Fujii, T, et al. Predictive significance of body composition indices in patients with head and neck squamous cell carcinoma treated with nivolumab: A multicenter retrospective study. Oral Oncol (2022) 132:106018. doi: 10.1016/j.oraloncology.2022.106018

17. Sabel, MS, Lee, J, Wang, A, Lao, C, Holcombe, S, and Wang, S. Morphomics predicts response to ipilimumab in patients with stage IV melanoma. J Surg Oncol (2015) 112(4):333–7. doi: 10.1002/jso.24003

18. Page, MJ, McKenzie, JE, Bossuyt, PM, Boutron, I, Hoffmann, TC, Mulrow, CD, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. Bmj (2021) 372:n71. doi: 10.1136/bmj.n71

19. Gastaldello, A, Giampieri, F, Quiles, JL, Navarro-Hortal, MD, Aparicio, S, García Villena, E, et al. Adherence to the mediterranean-style eating pattern and macular degeneration: A systematic review of observational studies. Nutrients (2022) 14(10), 2028. doi: 10.3390/nu14102028

20. Lambin, P, Leijenaar, RTH, Deist, TM, Peerlings, J, de Jong, EEC, van Timmeren, J, et al. Radiomics: the bridge between medical imaging and personalized medicine. Nat Rev Clin Oncol (2017) 14(12):749–62. doi: 10.1038/nrclinonc.2017.141

21. Minami, S, Ihara, S, Tanaka, T, and Komuta, K. Sarcopenia and visceral adiposity did not affect efficacy of immune-checkpoint inhibitor monotherapy for pretreated patients with advanced non-small cell lung cancer. World J Oncol (2020) 11(1):9–22. doi: 10.14740/wjon1225

22. Popinat, G, Cousse, S, Goldfarb, L, Becker, S, Gardin, I, Salaün, M, et al. Sub-cutaneous Fat Mass measured on multislice computed tomography of pretreatment PET/CT is a prognostic factor of stage IV non-small cell lung cancer treated by nivolumab. Oncoimmunology (2019) 8(5):e1580128. doi: 10.1080/2162402X.2019.1580128

23. Nishioka, N, Naito, T, Miyawaki, T, Yabe, M, Doshita, K, Kodama, H, et al. Impact of losing adipose tissue on outcomes from PD-1/PD-L1 inhibitor monotherapy in non-small cell lung cancer. Thorac Cancer (2022) 13(10):1496–504. doi: 10.1111/1759-7714.14421

24. Bolte, FJ, McTavish, S, Wakefield, N, Shantzer, L, Hubbard, C, Krishnaraj, A, et al. EP08.01-034 association of sarcopenia with survival in advanced NSCLC patients receiving concurrent immunotherapy and chemotherapy. J Thorac Oncol (2022) 17(9):S353. doi: 10.3389/fonc.2022.986236

25. Baldessari, C, Pecchi, A, Marcheselli, R, Guaitoli, G, Bonacini, R, Valoriani, F, et al. Body composition and inflammation impact in non-small-cell lung cancer patients treated by first-line immunotherapy. Immunotherapy (2021) 13(18):1501–19. doi: 10.2217/imt-2021-0038

26. Degens, J, Dingemans, AC, Willemsen, ACH, Gietema, HA, Hurkmans, DP, Aerts, JG, et al. The prognostic value of weight and body composition changes in patients with non-small-cell lung cancer treated with nivolumab. J Cachexia Sarcopenia Muscle (2021) 12(3):657–64. doi: 10.1002/jcsm.12698

27. Wang, J, Dong, P, Qu, Y, Xu, W, Zhou, Z, Ning, K, et al. Association of computed tomography-based body composition with survival in metastatic renal cancer patient received immunotherapy: a multicenter, retrospective study. Eur Radiol (2022) 33(5):3232–42. doi: 10.1007/s00330-022-09345-7

28. Martini, DJ, Shabto, JM, Goyal, S, Liu, Y, Olsen, TA, Evans, ST, et al. Body composition as an independent predictive and prognostic biomarker in advanced urothelial carcinoma patients treated with immune checkpoint inhibitors. Oncologist (2021) 26(12):1017–25. doi: 10.1002/onco.13922

29. Yamamoto, S, Fukushima, H, Fukuda, S, Uehara, S, Yasuda, Y, Tanaka, H, et al. Early cancer cachexia phenotype predicts survival of advanced urothelial cancer patients treated with pembrolizumab. Asia Pac J Clin Oncol (2022) 18(4):410–8. doi: 10.1111/ajco.13666

30. Aslan, V, Kılıç, ACK, Sütcüoğlu, O, Eraslan, E, Bayrak, A, Öksüzoğlu, B, et al. Cachexia index in predicting outcomes among patients receiving immune checkpoint inhibitor treatment for metastatic renal cell carcinoma. Urol Oncol (2022) 40(11):494.e1–.e10. doi: 10.1016/j.urolonc.2022.07.018

31.. !!! INVALID CITATION!!!.

32. Martini, DJ, Olsen, TA, Goyal, S, Liu, Y, Evans, ST, Magod, B, et al. Body composition variables as radiographic biomarkers of clinical outcomes in metastatic renal cell carcinoma patients receiving immune checkpoint inhibitors. Front Oncol (2021) 11:707050. doi: 10.3389/fonc.2021.707050

33. Hamaguchi, Y, Kaido, T, Okumura, S, Fujimoto, Y, Ogawa, K, Mori, A, et al. Impact of quality as well as quantity of skeletal muscle on outcomes after liver transplantation. Liver Transpl (2014) 20(11):1413–9. doi: 10.1002/lt.23970

34. Bolte, FJ, McTavish, S, Wakefield, N, Shantzer, L, Hubbard, C, Krishnaraj, A, et al. Association of sarcopenia with survival in advanced NSCLC patients receiving concurrent immunotherapy and chemotherapy. Front Oncol (2022) 12:986236. doi: 10.3389/fonc.2022.986236

35. Deike-Hofmann, K, Gutzweiler, L, Reuter, J, Paech, D, Hassel, JC, Sedlaczek, O, et al. Macroangiopathy is a positive predictive factor for response to immunotherapy. Sci Rep (2019) 9(1):9728. doi: 10.1055/s-0037-1682129

36. Thaiss, WM, Gatidis, S, Sartorius, T, Machann, J, Peter, A, Eigentler, TK, et al. Noninvasive, longitudinal imaging-based analysis of body adipose tissue and water composition in a melanoma mouse model and in immune checkpoint inhibitor-treated metastatic melanoma patients. Cancer Immunol Immunother (2021) 70(5):1263–75. doi: 10.1007/s00262-020-02765-8

37. Faron, A, Opheys, NS, Nowak, S, Sprinkart, AM, Isaak, A, Theis, M, et al. Deep learning-based body composition analysis predicts outcome in melanoma patients treated with immune checkpoint inhibitors. Diagn (Basel) (2021) 11(12):2314. doi: 10.3390/diagnostics11122314

38. Young, AC, Quach, HT, Song, H, Davis, EJ, Moslehi, JJ, Ye, F, et al. Impact of body composition on outcomes from anti-PD1 +/- anti-CTLA-4 treatment in melanoma. J Immunother Cancer (2020) 8(2):e000821. doi: 10.1136/jitc-2020-000821

39. Lin, GT, Huang, JB, Lin, JL, Lin, JX, Xie, JW, Wang, JB, et al. Body composition parameters for predicting the efficacy of neoadjuvant chemotherapy with immunotherapy for gastric cancer. Front Immunol (2022) 13:1061044. doi: 10.3389/fimmu.2022.1061044

40. Xiao, LS, Li, RN, Cui, H, Hong, C, Huang, CY, Li, QM, et al. Use of computed tomography-derived body composition to determine the prognosis of patients with primary liver cancer treated with immune checkpoint inhibitors: a retrospective cohort study. BMC Cancer (2022) 22(1):737. doi: 10.1186/s12885-022-09823-7

41. Crombé, A, Kind, M, Toulmonde, M, Italiano, A, and Cousin, S. Impact of CT-based body composition parameters at baseline, their early changes and response in metastatic cancer patients treated with immune checkpoint inhibitors. Eur J Radiol (2020) 133:109340. doi: 10.1016/j.ejrad.2020.109340

42. Esposito, A, Marra, A, Bagnardi, V, Frassoni, S, Morganti, S, Viale, G, et al. Body mass index, adiposity and tumour infiltrating lymphocytes as prognostic biomarkers in patients treated with immunotherapy: A multi-parametric analysis. Eur J Cancer (2021) 145:197–209. doi: 10.1016/j.ejca.2020.12.028

43. Martini, DJ, Kline, MR, Liu, Y, Shabto, JM, Williams, MA, Khan, AI, et al. Adiposity may predict survival in patients with advanced stage cancer treated with immunotherapy in phase 1 clinical trials. Cancer (2020) 126(3):575–82. doi: 10.1002/cncr.32576

44. Chen, Q, Zhang, L, Mo, X, You, J, Chen, L, Fang, J, et al. Current status and quality of radiomic studies for predicting immunotherapy response and outcome in patients with non-small cell lung cancer: a systematic review and meta-analysis. Eur J Nucl Med Mol Imaging (2021) 49(1):345–60. doi: 10.1007/s00259-021-05509-7

45. Ibrahim, MM. Subcutaneous and visceral adipose tissue: structural and functional differences. Obes Rev (2010) 11(1):11–8. doi: 10.1111/j.1467-789X.2009.00623.x

46. Renehan, AG, Tyson, M, Egger, M, Heller, RF, and Zwahlen, M. Body-mass index and incidence of cancer: a systematic review and meta-analysis of prospective observational studies. Lancet (London England) (2008) 371(9612):569–78. doi: 10.1016/S0140-6736(08)60269-X

47. Park, Y, Peterson, LL, and Colditz, GA. The plausibility of obesity paradox in cancer-point. Cancer Res (2018) 78(8):1898–903. doi: 10.1158/0008-5472.CAN-17-3043

48. Ulrich, CM, Himbert, C, Holowatyj, AN, and Hursting, SD. Energy balance and gastrointestinal cancer: risk, interventions, outcomes and mechanisms. Nat Rev Gastroenterol Hepatol (2018) 15(11):683–98. doi: 10.1038/s41575-018-0053-2

49. Sanchez, A, Furberg, H, Kuo, F, Vuong, L, Ged, Y, Patil, S, et al. Transcriptomic signatures related to the obesity paradox in patients with clear cell renal cell carcinoma: a cohort study. Lancet Oncol (2020) 21(2):283–93. doi: 10.1016/S1470-2045(19)30797-1

50. Dinsa, GD, Goryakin, Y, Fumagalli, E, and Suhrcke, M. Obesity and socioeconomic status in developing countries: a systematic review. Obes Rev (2012) 13(11):1067–79. doi: 10.1111/j.1467-789X.2012.01017.x

51. Lien, EC, Westermark, AM, Zhang, Y, Yuan, C, Li, Z, Lau, AN, et al. Low glycaemic diets alter lipid metabolism to influence tumour growth. Nature (2021) 599(7884):302–7. doi: 10.1038/s41586-021-04049-2

52. Bensch, F, Smeenk, MM, van Es, SC, de Jong, JR, Schröder, CP, Oosting, SF, et al. Comparative biodistribution analysis across four different (89)Zr-monoclonal antibody tracers-The first step towards an imaging warehouse. Theranostics (2018) 8(16):4295–304. doi: 10.7150/thno.26370

53. Park, HS, Park, JY, and Yu, R. Relationship of obesity and visceral adiposity with serum concentrations of CRP, TNF-alpha and IL-6. Diabetes Res Clin Pract (2005) 69(1):29–35. doi: 10.1016/j.diabres.2004.11.007

54. Gabrilovich, DI. Myeloid-derived suppressor cells. Cancer Immunol Res (2017) 5(1):3–8. doi: 10.1158/2326-6066.CIR-16-0297

55. Law, AMK, Valdes-Mora, F, and Gallego-Ortega, D. Myeloid-derived suppressor cells as a therapeutic target for cancer. Cells (2020) 9(3):561. doi: 10.3390/cells9030561

56. Kaplanov, I, Carmi, Y, Kornetsky, R, Shemesh, A, Shurin, GV, Shurin, MR, et al. Blocking IL-1β reverses the immunosuppression in mouse breast cancer and synergizes with anti-PD-1 for tumor abrogation. Proc Natl Acad Sci U S A (2019) 116(4):1361–9. doi: 10.1073/pnas.1812266115

57. Rounis, K, Makrakis, D, Tsigkas, AP, Georgiou, A, Galanakis, N, Papadaki, C, et al. Cancer cachexia syndrome and clinical outcome in patients with metastatic non-small cell lung cancer treated with PD-1/PD-L1 inhibitors: results from a prospective, observational study. Transl Lung Cancer Res (2021) 10(8):3538–49. doi: 10.21037/tlcr-21-460

58. Miyawaki, T, Naito, T, Kodama, A, Nishioka, N, Miyawaki, E, Mamesaya, N, et al. Desensitizing effect of cancer cachexia on immune checkpoint inhibitors in patients with advanced NSCLC. JTO Clin Res Rep (2020) 1(2):100020. doi: 10.1016/j.jtocrr.2020.100020

59. Flint, TR, Janowitz, T, Connell, CM, Roberts, EW, Denton, AE, Coll, AP, et al. Tumor-induced IL-6 reprograms host metabolism to suppress anti-tumor immunity. Cell Metab (2016) 24(5):672–84. doi: 10.1016/j.cmet.2016.10.010

60. Teng, MW, Ngiow, SF, Ribas, A, and Smyth, MJ. Classifying cancers based on T-cell infiltration and PD-L1. Cancer Res (2015) 75(11):2139–45. doi: 10.1158/0008-5472.CAN-15-0255

61. Shen, Y, Wang, Q, Zhao, Q, and Zhou, J. Leptin promotes the immune escape of lung cancer by inducing proinflammatory cytokines and resistance to apoptosis. Mol Med Rep (2009) 2(2):295–9. doi: 10.3892/mmr_00000099

62. Wang, Z, Aguilar, EG, Luna, JI, Dunai, C, Khuat, LT, Le, CT, et al. Paradoxical effects of obesity on T cell function during tumor progression and PD-1 checkpoint blockade. Nat Med (2019) 25(1):141–51. doi: 10.1038/s41591-018-0221-5

63. Peng, J, Huang, H, Huan, Q, Liao, C, Guo, Z, Hu, D, et al. Adiponectin deficiency enhances anti-tumor immunity of CD8(+) T cells in rhabdomyosarcoma through inhibiting STAT3 activation. Front Oncol (2022) 12:847088. doi: 10.3389/fonc.2022.847088

64. Yang, CC, Chang, SF, Chao, JK, Lai, YL, Chang, WE, Hsu, WH, et al. Activation of AMP-activated protein kinase attenuates hepatocellular carcinoma cell adhesion stimulated by adipokine resistin. BMC Cancer (2014) 14:112. doi: 10.1186/1471-2407-14-112

65. Sudan, SK, Deshmukh, SK, Poosarla, T, Holliday, NP, Dyess, DL, Singh, AP, et al. Resistin: An inflammatory cytokine with multi-faceted roles in cancer. Biochim Biophys Acta Rev Cancer (2020) 1874(2):188419. doi: 10.1016/j.bbcan.2020.188419

66. Aveta, A, Cilio, S, Contieri, R, Spena, G, Napolitano, L, Manfredi, C, et al. Urinary microRNAs as biomarkers of urological cancers: A systematic review. Int J Mol Sci (2023) 24(13):10846. doi: 10.3390/ijms241310846

67. Grob, G, Rogers, D, Pandolfo, SD, Vourganti, S, Buscarini, M, Mehrazin, R, et al. Oncologic outcomes following radical nephroureterectomy for upper tract urothelial carcinoma: a literature review. Transl Androl Urol (2023) 12(8):1351–62. doi: 10.21037/tau-22-882




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.


Copyright © 2023 Pei, Xie, Liu, Cai, Hong, Yang, Zhang, Zhang, Zheng, Ning, Fang and Tang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/M4.jpg
With k= N of the whole—body CT atlas
N of trunaated CT atlas





OEBPS/Images/M2.jpg
VEM

Nyiseralfat % Vioxel % Pgar-





OEBPS/Images/fonc.2023.1198723_cover.jpg
& frontiers | Frontiers in Oncology

Imaging-based adipose biomarkers for
predicting clinical outcomes of cancer
patients treated with immune checkpoint
inhibitors: a systematic review





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Imaging-based adipose biomarkers for predicting clinical outcomes of cancer patients treated with immune checkpoint inhibitors: a systematic review

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          1 Introduction

        



        		

          2 Materials and methods

        

          		

            2.1 Protocol registration

          



          		

            2.2 Search strategy

          



          		

            2.3 Eligible criteria

          



          		

            2.4 Study selection and data extraction

          



          		

            2.5 Study quality assessment

          



        



        



        		

          3 Result

        

          		

            3.1 General characteristics

          



          		

            3.2 NSCLC

          



          		

            3.3 Renal cell carcinoma (RCC)

          



          		

            3.4 Urothelial carcinoma (UC)

          



          		

            3.5 Melanoma

          



          		

            3.6 HNSCC

          



          		

            3.7 Gastric cancer

          



          		

            3.8 Liver cancer

          



          		

            3.9 Solid tumor

          



        



        



        		

          4 Discussion

        



        		

          5 Conclusion

        



        		

          Data availability statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc-13-1198723-g001.jpg
Records identified from electronic database (n = 1410):
®  MEDLINE (n = 681)
®  EMBASE (n=729)

Potentially relevant articles for full text assessment (n = 71) ]

Articles eligible for systematic review (n = 22):
Lung cancer (n = 6)

Renal cell carcinoma (n =3)

Urothelial carcinoma (n = 2)

Melanoma (n = 5)

Head and neck squamous cell carcinoma (n = 1)
Gastric cancer (n=1)

Liver cancer (n=1)

Metastatic solid tumor (n = 3)

Records excluded with reasons (n = 1037):
®  No original research (n = 406)

Not conducted in humans (n =169)

L]
®  Irreverent (n =317)
L

Cancers and image-based adipose marker were not
the focus (n = 110)
Unavailable in English (n = 35)

Full-text articles excluded with reasons (n = 49):
No immune checkpoint inhibitor therapy (n = 16)
No association reported between image-based
biomarkers and clinical outcome (n = 23)

No clinical outcome reported (n = 10)





OEBPS/Images/M3.jpg





OEBPS/Images/logo.jpg
& frontiers | Frontiers in Oncology





OEBPS/Images/M1.jpg
FBM

Ngt X kg X Vigd X P





OEBPS/Images/table1.jpg
Cancer = Author
(s) (year)
Lung Popin
cancer (2019)

Minami
(2020)
Baldessari
(2021)
Degens
(2021)
Nishioka
(2022)
Bolte
(2022)
Renal cell Martini
carcinoma (2021)
Aslan
(2022)
Wang
(2022)
Urothelial Martini
carcinoma (2021)
Yamamoto
(2022)
Melanoma Sabel
2015
Hofmann
2019
Young
2020
Faron
(2021)
Thaiss
(2021)

Head and Takenaka
neck (2022)

squamous
cell

carcinoma

Gastric Lin

cancer (2022)
Liver Xiao
cancer (2022)

Metastatic Crombé
solid 2020
tumor

Martini
2020
Esposito
(2021)

Country

France

Japan

Ttaly

Netherlands

Japan

USA

USA

Turkey

China

USA

Japan

USA

German

USA

German

German

Japan

China

China

France

USA

Ttaly

Population,
total/males

55/41

74/48

44/26

80/46

74167

92/48

79158

52/34

251/178

70/49

31/22

48/32

147/

287/184

107/70

18/10

114/85

101/79

172/149

117/62

90/53

153/62

Age
(years)

70

70

67.5

61

NA

55

69.5

74

60

63

62

61

65

62

51.4

63

NA

58

Follow-
up
(months)

NA

NA

8.8

NA

19.5

NA

114

10.1

20.1

57

NA

NA

173

NA

NA

NA

NA

NA

279

PET/CT

L3 (CT)

Psoas
muscle
level (CT)

L1 (CT)

L3 (CT)

L3 (PET/
CT)

L3 (CT)

L3 (CT)

L3 (CT)

L3 (CT)

L3 (CT)

T12 to L4
(CT)

L4 (CT)

L3 (PET/
CT)

L3/4 (CT)

MRI

L3 (CT)

L3 (CT)

L3 (CT)

L3 (CT)

L3 (CT)

L2/3 (CT)

Adipose
biomarkers

FBM, VEM,
SCFM

IMAC, VSR,
VFA

VFA, VF] SFA,
SFI, TFI, VSR,
SCEM, FBM

VFI, SFI

TFI

IMAC

TFI, Body
composition
risk score*

SFI

SFA, VFA, SAT
%

SFI, VFI, IFI,
body
composition
risk score*

FW/MEW/
N

Visceral fat
distance

TBF; SFA; VFA

TFI (tertile)

VFI, SFI

VATV, SATV

SFI, VFI

VFI, AVFI, SFI,
ASFI

VFI, SFI, VSR,
TFI

TFI, SFI, VFI,
At-TFI, At-SFI,
At-VFI

SFI, IFT

TFA, VFA,
SFA, VSR,
Square root of
'VFA, Square
root of SFA,
Square root of
VSR

Study results

OS1: FBM (Uni:
HR = 0.80; p =
0.004/Multi: HR=
0.75; p = 0.006),
VEM (p = 0.008),
SCEM (HR = 0.75;
p = 0.003)

0OS1: IMAC (uni: p
= 0.15/multi: HR=
0.43; p = 0.0496),
others were
negative; PFS: all
negative

OS: all negative

08]: WL
characterized by
decreased VFI and
SFI (HR=2.39% p<
0.001);

ORR 1: decreased
TFI (P = 0.005);
PFS? : decreased
TFI (uni: P =
0.037 / multi: HR
=0.34; P < 0.05);

OS negative

OSt: TFI (p
=0.001); OS|:
score (HR = 6.37;
p< 0.001) PFSt:
TFI (p =0.002)
PFS|: score (HR =
4.19; p < 0.001)
CB1: TFI CBl:
score (OR= 0.23;
p< 0.044);

OS negative

OS1: SAT%
(dichotomy: HR=
0.48; p< 0.01,
continuous: HR
=0.05; P< 0.01),
SFA&VFA were
negative, ; PFST:
SAT% (dichotomy:
HR = 032; p<
0.01, continuous:
HR = 0.02; P<
0.01), SFA&VFA
were negative,

OS: VFI was
negative, SFI (low)
(HR =1.99; P =
0.043), IFI (low)
(HR =048; P =
0.018), body
composition (High
vs. Low HR = 6.72,
P< 0.001/
Intermediate vs.
Low HR =299, P
= 0.029); PFS: SFI
was negative, VFI
(low) (HR = 1.76;
P =0.04), IFT
(low) (HR = 0.48;
P = 0.010), body
composition risk
score (High vs.
Low HR = 5.82,
P< 0.001/
Intermediate vs.
Low HR =3.16, P
= 0.005); CB: SFI
and VFI were
negative, IFI (low)
(OR=431;P =
0.036), body
composition risk
score (High vs.
Low OR = 0.02, P
=0.003/
Intermediate vs.
Low OR = 0.11, P
= 0.006);

osl:
MEW<FW<NW
(p= 0.008); PFS}:
MEW<FW<NW
(p<0.001)

0S| (p = 0.022);

PES: all negative

Response, OS and
PFS: all negative
(medium/high vs
low)

08: all negative

Responding
patients showed
limited variability
of VATV and
SATV

RR|: VFI (OR =
0.38,p< 0.05), SFI
negative; OS|: SFI
(uni: HR = 1.82, p
= 0.021/multi: HR
= L14, p = 0.665),
VFI (uni: HR =
2,51, p = 0.006/
multi: HR = 1.93,
p = 0.082); PFS:
SFI negative and
VFI (low) (uni:
HR=164,P =
0.044/Multi: HR =
2.07, P = 0.015);
DCR: SFI negative

Non-TR: all
negative

OS1: VFI (HR =
0.30, P = 0.001),
SFI (HR = 0.31, P<
0.001), TFI (HR =
0.31, P< 0.001),
VSR were negative;
PES: all negative

PEST: At-TFI (HR
=02, p< 0.0001),
At-SFI (HR = 0.13,
p =0.001), At-VFI
(HR = 0.09, P
=0.0001), TFI, SFI,
VFI were all
negative

0OS1: low risk (HR
=0.20, P< 0.001),
intermediate risk
was negative;
PFS1: low risk (HR
=0.38, P = 0.003),
intermediate risk
was negative;

(low risk: SFI >
=73 cm2/m2,
Intermediate risk:
SFI< 73 cm2/m2
and IFI< 3.4 cm2/
m2 vs. high risk:
SFI< 73 and IFT
>= 3.4 cm2/m2)

OS1: Square root
of VSR (HR =
0.88, p = 0.047);
others are negative

Nivolumab
(Anti PD-1)

Anti PD-1/PD-
L1

Pembrolizumab
(Anti PD-1)

Nivolumab

(Anti PD-1)

anti-PD1/PD-
L1

ICI and CTX

1C1

Anti PD-1

Anti PD-1

1CI

Pembrolizumab
(anti PD-1)

Ipilimumab
(anti CTLA4)

Ipilimumab
(anti CTLA4)

anti-PD-1/PD-
L1/anti CTLA4

1c1

1ct

Nivolumaba
(anti-PD-1)

Chemotherapy
+1CI

anti-PD-1/PD-
L1

anti-PD-1, PD-
L1, anti-PDL1
+ anti-CTLA4

1CI

anti-PD-1/PD-
L1

*Body composition risk score (in renal cell carcinoma) = IFI + 2*SM mean + SFI (favorable risk 0-1, intermediate risk 2, poor risk 3-4); Body composition risk score (in urothelial carcinoma) =
SMI + 2 * attenuated SM mean + VFI (High risk 0-1, intermediate risk 2-3, Low risk 4).
*#+: NW (No Wasting; no post-therapeutic change in TAI and SMI); FW (Fat-Only Wasting; post-therapeutic decrease in TAI but no change in SMI); MFW (Muscle and Fat Wasting; post-
therapeutic decrease in both TAI and SMI),
***: Response rate (RR) was defined as the percentage of patients who achieved complete response (CR) or partial response (PR); Disease control rate (DCR) was defined as the percentage of
patients who achieved CR, PR, or stable disease.
CB, clinical benefit; CTLA-4, cytotoxic T lymphocyte associated protein 4; FBM, fat body mass; IF1, inter-muscular fat index; IMAC, intramuscular adipose content; irAEs, immune-related
adverse events; ORR, objective response rate; OS, overall survival; PD-1, programmed cell death protein 1; PD-L1, programmed death ligand 1; PES, progression-free survival; SCEM,
subcutaneous fat mass; SFA, subcutaneous fat area; SFI, subcutaneous fat index; SMI, skeletal muscle index; TBF, total body fat; TF, total fat index; TR, tumor remission; VATV, visceral adipose
tissue volume; VA, visceral fat area; VEM, visceral fat mass; VSR, visceral-to subcutaneous ratio; VFI, visceral fat index; WL, weight loss.





OEBPS/Images/fonc-13-1198723-g002.jpg
Visceral Fat Parameters Total Fat Parameters
VFM ! visceral fat mass; VFA : visceral fat area FBM : fat body mass
VFI : visceral fat index; VATV: visceral fat volume TBF : total body fat (area)
AVFI: change of the VFI; At-VFI: chage of the VFI over time TFI ! total fat index
Visceral fat distance; VFA2: square root of VFA At-TFI: chage of the TF| over time

Intramuscular Fat Parameters
IMAC : intramuscular adipose content
IFI: inter-muscular fat index

Other Fat Parameters
VSR: visceral-to subcutaneous ratio

Subcutaneous Fat Parameters VSR2: Square root of VSR
SCFM : subcutaneous fat mass; SFA : subcutaneous fat area Body composition risk score 1: IFl + 2*SM
SFI : subcutaneous fat index; SATV: subcutaneous fat volume mean + SF|
ASFI: change of SFI; At-SFI: chage of the SFI over time body composition risk score 2 = SMI +2*

SFA % : SFA/ (SFA+VFA); SFA2: square root of SFA attenuated SM mean + VFI





