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Objectives

The objective of this systematic review was to assess associations between quantitative body composition measures extracted from imaging examinations and chemotherapy-related toxicity in pancreatic cancer patients. A secondary objective was to evaluate the different definitions of sarcopenia across included studies.



Methods

This systematic review was conducted according to the PRISMA statement. A comprehensive literature search of three electronic databases was performed by two authors. For each eligible article, information was collected concerning the clinical setting; basic study; population characteristics; technical; body composition features evaluated; CA 19.9 tumor marker levels; chemotherapy drugs administered; toxicities (hematologic, nausea/vomiting, diarrhea, neuropathy, reduction of number of cycles, overall toxicity); association of body composition values with toxicities. The overall quality of the included studies was critically evaluated.



Results

After the initial retrieval of 1137 articles, the systematic review included 12 articles (1/12 in the neo-adjuvant setting; 2/12 in the adjuvant setting; 3/12 in the metastatic setting; 2/12 in the unresectable setting; the other 4/12 included more than one clinical setting). The number of patients included ranged between 17 and 251; mean/median age ranged between 63 and 77 years; the percentage of sarcopenic patients ranged between 23 and 76%. The most frequent body composition parameter evaluated was skeletal muscle index (11/12). Chemotherapy regimens included gemcitabine (as monotherapy or in combination with other drugs); FOLFIRINOX and S-1. Among the trials including gemcitabine, 2/9 demonstrated an association with toxicity, whereas 7/9 did not; among those including FOLFIRINOX, one demonstrated associated toxicity whereas the others did not. Altogether, 4/12 papers demonstrated an association between the body composition values and the development of chemotherapy-related toxicities.



Conclusions

There is a wide variability of results about the association of body composition and chemotherapy-related toxicity in PC patients. Furthermore, cut-off values to define sarcopenia in PC patients are not yet uniformly defined.



Systematic Review Registration

https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42022337753, identifier CRD42022337753.
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Introduction

Among the malignancies originating from the digestive system, pancreatic cancer (PC) is the second most frequent with 62,210 estimated new cases in the US in 2022, and the most lethal, with 49,830 estimated deaths (1). Complete surgical resection leads to better survival rates in PC patients. However, less than one-fifth of patients are considered resectable at the time of diagnosis (2, 3), and most patients will need to undergo chemotherapy, either in the neoadjuvant, adjuvant, or advanced setting.

In PC patients, a mix of inadequate nutritional intake, metabolic alterations due to malignancy, and malabsorption leads to a loss of muscle mass, also referred to as sarcopenia (4, 5), as well as to a change in the composition of distribution of muscle and fat in the patient’s body.

Body composition assessment may include evaluation of muscle mass by skeletal muscle area (SMA) and skeletal muscle index (SMI), as well as assessment of fat distribution by subcutaneous adipose tissue (SAT) and visceral adipose tissue (VAT). Body composition has been shown to correlate with prognosis in many cancer subtypes, including ovarian (6), lung (7), bladder (8) and pancreatic malignancies (9). Furthermore, in some cancer types, sarcopenia increases the toxicity of chemotherapy (10, 11), likely because drug dosing is largely based on the body surface area, that takes into account only the patient’s height and weight but ignores the relative quantity and distribution of muscle and fat. Consequently, sarcopenic cancer patients tend to receive a higher dose of chemotherapeutic agent for a relatively small lean muscle mass and are more prone to suffer toxicity (12, 13). Unfortunately, a higher incidence of toxicity eventually leads to a higher likelihood of treatment termination and hospitalization. Cancer patients undergo numerous imaging examinations at staging and during follow-up (14–16), and since computed tomography (CT) and magnetic resonance imaging (MRI) are currently considered gold standard methods in the evaluation of human body composition (17–19), this assessment can be added to the already available imaging examinations, without the need for additional exams.

Despite different definitions and a wide variability of cut-off values for the definition of sarcopenia, this is a common condition found in PC patients (20, 21) and the assessment of muscle and fat tissues has been increasingly used in this setting. Some studies have reported poorer response to treatment and worse survival in sarcopenic patients with PC treated with chemotherapy (22–25), but these results were not consistent with other experiences, reporting association of body composition with overall survival and prognosis, but not with chemotherapy-related toxicity (26).

Therefore, the main objective of this systematic review was to collect and examine all the available literature assessing associations between quantitative body composition measures extracted from imaging examinations and chemotherapy-related toxicity in pancreatic cancer patients. A secondary objective was to evaluate the different definitions of sarcopenia across studies.



Methods

This systematic review was conducted according to the PRISMA-DTA (Preferred Reporting Items for Systematic Reviews and Meta-analysis for Diagnostic Test Accuracy) statement (27), which describes an evidence-based minimum set of items for reporting in systematic reviews and meta-analyses of diagnostic studies.


Search strategy

Two authors (SR and AR) performed a comprehensive computer literature search of the electronic databases PubMed, Cochrane and Web of Science to find primary publications evaluating association between body composition and chemotherapy-related toxicities in pancreatic cancer. No beginning date limit or language restrictions were used; the literature search was last updated on May 7th 2022; and the search was expanded by also screening the references of the retrieved articles for additional potentially eligible studies.



Study selection

The search terms consisted of ((pancreatic cancer) OR (pancreas carcinoma)) AND ((sarcopenia) OR (body composition) OR (muscle) OR (fat) OR (adipose tissue)) AND ((complication) OR (complications) OR (chemotherapy-related) OR (adjuvant) OR (neo-adjuvant) OR (toxicity) OR (toxicities)). Articles in which body composition assessment was based on imaging examinations (CT or MRI) in pancreatic cancer patients were obtained in full for further evaluation. Studies were excluded if they were case reports, conference abstracts, reviews or short communications because they do not provide sufficient information to assess the methodological quality. Uncertainties were resolved in consensus.



Data extraction

For each eligible article, information was collected concerning the clinical setting (neo-adjuvant, adjuvant, unresectable, metastatic); basic study data (authors, year of publication, country of origin, prospective or retrospective nature); population characteristics (number of patients, age, sex, sarcopenic status and cut-offs used); technical aspects (axial level for evaluation of body composition, software used for extraction); features evaluated (SMA, SMI, VAT, SAT, bone mineral density); mean/median CA 19.9 tumor marker levels (if reported); difference in sarcopenia between males and females; chemotherapy drugs administered; toxicities (hematologic, nausea/vomiting, diarrhea, neuropathy, reduction of number of cycles, overall toxicity); association of body composition values with toxicities and with older age, if any.



Quality assessment

The overall quality of the included studies was critically evaluated based on the revised “Quality Assessment of Diagnostic Accuracy Studies” tool (QUADAS-2) (28). This tool comprises four domains (patient selection, index test, reference standard, and flow and timing) and each domain was assessed in terms of risk of bias, and a graph was constructed appropriately.




Results


Literature search

The initial search yielded 1137 articles, all in English. According to inclusion and exclusion criteria, 12 full-text articles were included in this systematic review (22, 26, 29–38). Details about the literature search results are reported in Figure 1.




Figure 1 | Study selection flowchart.



Given the small number of papers included, and the heterogeneity of the quantitative analyses performed as well as of the results, a meta-analysis for pooled data was not performed.



Clinical setting and basic study data

Among the 12 studies included, 1 was in the neo-adjuvant setting (31), 2 in the adjuvant setting (30, 37), 3 in the metastatic setting (32, 33, 36); 2 in the unresectable setting (26, 29); the other 4 included more than one clinical setting (22, 34, 35, 38). Eight of the included studies were from Japan (22, 26, 29–32, 34, 35); 1 from South Korea (33); 1 from Canada (36); 1 from Brazil (37); 1 from Australia (38); all 12 studies were retrospective (Table 1).


Table 1 | Basic study and population characteristics.





Population characteristics

The number of patients included ranged between 17 and 251, with numbers of males and females between 11 and 161 and 6 and 90, respectively; mean/median age ranged between 63 and 77 years; the percentage of sarcopenic patients ranged between 23% and 76% (Table 1). The cut-off values to define sarcopenia in males and females are summarized in Table 2. Interestingly, the assessment of differences in sarcopenia between males and females was evaluated in 9/12 papers, and among these, 5/9 indicate a significant prevalence of sarcopenia among females, whereas the other 4/9 report no difference.


Table 2 | Definition of sarcopenia according to skeletal muscle index in males and females within each included study.





Technical aspects and features evaluated

All the articles included evaluated the body composition values at the level of the third lumbar vertebra (L3); the software used was Slice-o-matic (Tomovision) in 5 studies (22, 26, 36–38) and SYN-APSE Vincent in 7 studies (29–35). As shown in Table 3, body composition parameters evaluated were: SMI (derived from SMA) in 11/12 studies; VAT in 6/12 studies; SAT in 7/12 studies; SMD was evaluated in 3/12 articles; bone mineral density was never evaluated.


Table 3 | Body composition features evaluated, chemo–related toxicities encountered and their association (if any).





Chemotherapy administered, association of body composition and chemotherapy-related toxicities

Chemotherapy regimens included gemcitabine (as monotherapy or in combination with either nab-paclitaxel, cisplatin, oxaliplatin, 5-fluorouracyl or the fluoropyrimidine S-1), in 9/12 studies; FOLFIRINOX (5-fluorouracyl, irinotecan, oxaliplatin) in 3/12 studies (Table 3); and S-1 as monotherapy in 2/12 studies. Among the trials including gemcitabine, 2/9 demonstrated an association with toxicity, whereas 7/9 did not; among those including FOLFIRINOX, one demonstrated associated toxicity whereas the others did not. Altogether, 4/12 papers demonstrated an association between the body composition values and the development of chemotherapy-related toxicities (1 between low SMI and hematological toxicity and reduction of cycles number (29); 1 between loss of skeletal muscle and discontinuation of chemotherapy (30); 1 between low SMI and low SMD with all grade 3 toxicities (33); 1 with hematological toxicity (22)). Associations of body composition values and chemo-related toxicities are summarized in Table 3. Among the included articles, only 3/12 performed a specific analysis for older patients, with 2/3 study reporting no association between age and the advent of chemotherapy-related toxicity (26, 29), 1/3 reporting a significant association of chemo-related toxicity for octuagenarian patients (30).



Quality assessment of the studies included

The overall quality assessment of the studies is reported in Figure 2.




Figure 2 | Overall Quality Assessment of the Studies Included in the Systematic Review, according to the QUADAS–2 Tool.






Discussion

This systematic review demonstrated that the association between body composition and chemo-related toxicity in PC is still uncertain. Indeed, 4/12 studies demonstrated the presence of a significant association, but 8/12 did not. Furthermore, Rollins et al, in a paper that we excluded because it combined patients affected by pancreatic adenocarcinoma along with patients affected by distal cholangiocarcinoma, demonstrated no significant association between sarcopenia and chemo-related toxicity in a sub-group analysis performed on 98 patients treated with chemotherapy (39).

Many different factors can explain the discrepancy of these results; for instance, the chemotherapy agent administered. Indeed, the efficacy of FOLFIRINOX and of gemcitabine/nab-paclitaxel chemotherapy has been demonstrated, but gemcitabine/nab-paclitaxel tended to cause less toxicity than FOLFIRINOX (40, 41). Accordingly, the European Society of Medical Oncology recommend FOLFIRINOX as the first adjuvant therapeutic option after resection of pancreatic cancer in selected and fit patients, in view of survival outcomes and associated toxicity profile (I, A; ESMO-Magnitude of Clinical Benefit Scale (MCBS) v1.1 score: A); gemcitabine/capecitabine as an option in less fit patients (age > 70, Eastern Cooperative Oncology Group performance status 2, or patients who have any contraindication to the drugs used in FOLFIRINOX) (I, B; ESMO-MCBS v1.1 score A); gemcitabine alone only in frail patients (42). Therefore, if gemcitabine/nab-paclitaxel is considered more appropriate than FOLFIRINOX for use as first-line chemotherapy in patients with sarcopenia and frail patients, the comparison between different populations treated with different agents may be biased.

Another possible cause of discrepancy across studies may be the segmentation method used. Indeed, the areas of muscle and fat at the level of L3 were extracted by using different software programs (SYNAPSE VINCENT or Slice-o-matic) set up at the same Hounsfield Units levels for muscle segmentation (-29 +150), but the articles did not specify whether the segmentation was semi-automatic or automatic (the semi-automatic being generally more precise but less reproducible).

Furthermore, among the studies included there is a wide variability in the proportion of sarcopenic patients. Originally, the term ‘sarcopenia’ was used to describe age-related decreases in muscle mass, but the European Working Group on Sarcopenia in Older People later defined sarcopenia as a syndrome characterized by decrease in skeletal muscle mass and strength, associated with physical disability, poor quality of life, and high mortality (4). Since the values of SMI in that definition were based on bioelectrical impedance analysis method, Martin et al, in a large cohort of lung and gastro-intestinal cancer patients (n=1473), proposed sex-specific cut-offs for lumbar SMI extracted from CT images, associated with mortality in obese and non-obese patients. Nonetheless, they included only a very small proportion of pancreatic cancer patients (9% of males and 33% of females) and therefore the values proposed may not be generalizable for all cancer patients (43). Accordingly, in 2015 the Japan Society of Hepatology decided to establish its own assessment criteria for sarcopenia in patients affected by liver disease (44). This variability in the definition of sarcopenia may cause differences in the results of different studies, and indeed this evaluation was included as a secondary objective in this study. The Asian studies referred to cut-off values defined for the Asian population, but some used slightly lower cut-off values (26, 29, 30, 34) than others (31–33). On the other hand, other studies (36–38) referred either to values elaborated in North America (43) or defined in post-hoc analyses (22). These discrepancies leave space for larger studies to define a proper definition for sarcopenia in PC patients, possibly according to ethnicity, in order to further assess whether an association between sarcopenia and chemo-related toxicity does exist.

This systematic review certainly has some limitations. The first is the lack of randomized trials that would clarify the role of the drug according to the sarcopenic status. However, such a study is difficult to obtain and, so far, most of the published studies, including those on other cancer types, are based on retrospective evaluations. Secondly, we did not include in this review the data about survival and general prognosis, even when available. However, since the literature search was focused on chemo-related toxicity, an evaluation of survival only in the 12 included articles would have been incomplete and even misleading, because many articles specifically dedicated to survival were excluded. Thirdly, we aimed to evaluate many body composition features, but only SMI was present in all but one (35) of the included papers, whereas data about the distribution of fat tissue was not always present or included in the statistical analysis. Nonetheless, recent advances in the extraction of body composition values such as opportunistic information from imaging studies are leading to an increasing number of dedicated studies, and we may expect more data to be published in the near future.

In conclusion, we demonstrated that there is a wide variability of results about the association of body composition and chemotherapy-related toxicity in PC patients, and more studies, hopefully prospective and including cohorts of patients treated with pre-defined agents, are warranted to better understand this association. Furthermore, uniform cut-off values to define sarcopenia in PC patients should ideally be defined, leading to more consistent results and allowing for cross-trial comparisons to a degree.
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