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Abstract 

 

Background. Skeletal muscle depletion, referred to as sarcopenia, predicts mortality in patients 

undergoing digestive surgery. However, the impact of muscle quality on outcome is unclear. This 

retrospective study investigated the impact of preoperative skeletal muscle quantity and quality on 

survival in patients undergoing resection of pancreatic cancer. 

Methods. We investigated 230 patients who underwent resection of pancreatic cancer between 2004 and 

2013. The quantity and quality of skeletal muscle, indicated by psoas muscle mass index (PMI) and 

intramuscular adipose tissue content (IMAC), were measured in preoperative computed tomography 

images. Overall survival (OS) and recurrence-free survival (RFS) rates were compared according to PMI 

and IMAC, and prognostic factors after pancreatic resection were assessed.   

Results. The OS and RFS rates in patients with low PMI were significantly lower than in those with 

normal/high PMI (P < .001, P < .001), with a mean survival time (MST) of 17.7 and 33.2 months, 

respectively. The OS and RFS rates in patients with high IMAC were also significantly lower than in 

those with normal/low IMAC (P < .001, P = .003) (MST = 21.5 and 56.5 months, respectively). Low 

PMI (low muscle mass) and high IMAC (low muscle quality) were independent prognostic factors of 

poor OS (Hazard ratio [HR] =1.999, P < .001; HR = 2.527, P < .001) and RFS (HR = 1.607, P = .007; 

HR = 1.640, P = .004), respectively. 

Conclusions. Preoperative sarcopenia, indicating low quality and quantity of skeletal muscle, is closely 

related to mortality after resection of pancreatic cancer. 

(Word count of Abstract: 250 words) 
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Main Text 

Pancreatic cancer is common throughout the world and one of the most aggressive types of 

malignancy.1 Surgical resection is the only potentially curative treatment, though many patients develop 

recurrence after surgery. Advances in preoperative diagnosis, surgical technique, and perioperative 

management have improved overall and recurrence-free survival for pancreatic cancer after resection. 

However, even in patients who undergo curative resection, prognosis remains poor. 2 

In regard to prognostic factors after pancreatic resection, several reports have addressed tumor-

specific factors, such as tumor size, tumor differentiation, lymph node metastasis, vascular invasion, and 

resection margin status. However, prognosis after surgery is multifactorial and related not only to tumor-

specific factors but also individual patient characteristics. Loss of skeletal muscle mass, termed 

sarcopenia, has recently been identified as a poor prognostic factor in patients after digestive surgery 3- 7. 

As for those with pancreatic cancer, Peng et al.8 reported that low skeletal muscle volume was an 

independent risk factor for poor 3-year survival after pancreatic resection.  

Sarcopenia was initially described in 1989 as an age-related decrease in muscle mass.9 The European 

Working Group on Sarcopenia in Older People defined the condition as a syndrome characterized by 

progressive and generalized loss of skeletal muscle mass and strength, with a risk of adverse outcomes 

such as physical disability, poor quality of life, and death, and recommended that the definition of 

sarcopenia should include not only low muscle mass but also low muscle function.10 However, most 

previous studies investigated only skeletal muscle mass to define sarcopenia, because muscle strength 

and function are difficult to evaluate. To the best of our knowledge, no reports regarding the relationship 

between quality of skeletal muscle and prognosis of pancreatic cancer patients following curative 

pancreatic resection have been presented.  

Recently, increased intramuscular adipose tissue with aging has been identified as a potential 

contributor to declined muscle strength and quality. Loss of muscle strength is known to depend on both 
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a decrease in muscle mass and accumulation of intramuscular adipose tissue.11 To determine the quality 

of skeletal muscle, Kitajima et al. evaluated skeletal muscle steatosis by measuring intramuscular adipose 

tissue content (IMAC) using computed tomography (CT), and found that skeletal muscle steatosis was 

linked to the pathogenesis and severity of non-alcoholic steatohepatitis.12,13 Thus, skeletal muscle quality 

has recently attracted much attention, though the impact on surgical patients remains unknown. 

In the present study, we evaluated quality as well as quantity of skeletal muscle by determining 

IMAC and psoas muscle mass index (PMI), respectively, using preoperative plain CT imaging. We also 

investigated the impact of PMI and IMAC as indicators of overall quantity and quality of skeletal muscle 

on outcome in patients undergoing resection of pancreatic cancer. 

 

Methods 

Patients and data collection 

We investigated 230 patients who underwent resection for pancreatic cancer with curative intent 

between January 2004 and June 2013 at Kyoto University. Clinical and pathological data were collected, 

including tumor characteristics and postoperative overall survival (OS) and recurrence-free survival 

(RFS) rates. There were 124 men (53.9 %) and 106 women (46.1%), and their median age was 67 years 

(range 32-87 years). Median tumor size was 2.8 cm (0.5-7.5 cm). Pathologocal diagnosis of all patients 

was pancreatic ductal adenocarcinoma. Pathological stages according to Union for International Cancer 

Control (UICC) staging were Ia, Ib, IIa, IIb, III, and IV in 5 (2.1%), 8 (3.5%), 77 (33.5%), 129 (56.1%), 

3 (1.3%) and 8 (3.5%) patients, respectively. Lymph node metastasis was identified in 135 patients 

(58.7%). We used 3 different types of surgical procedures; pancreaticoduodenectomy (PD) (including 

classic Whipple procedure, pylorus preserving pancreaticoduodenectomy, subtotal stomach preserving 

pancreaticoduodenectomy) (n = 155), distal pancreatectomy (DP) (n = 66), and total pancreatectomy (n 

= 7). Our current indication for resection is UICC stage Ia/Ib/IIa/IIb. Though there are some patients with 
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UICC stage III/IV in this analysis, they were exceptional cases in the early period of the study, and they 

are not our surgical indication now. After discharge, all patients were examined for recurrence by 

determining tumor markers every 3 months, and by CT or magnetic resonance imaging every 6 months 

during the follow-up course.  

 

Image analysis 

Using preoperative plain CT at the umbilical level, the cross-sectional areas of the bilateral psoas 

muscles were measured by manual tracing, then PMI was calculated as follows.  

PMI = cross-sectional area of bilateral psoas muscle / height2 (cm2/m2)   

Low PMI was regarded as a proxy for low muscle volume (Fig 1A).  

Subfascial muscular tissue in the multifidus muscle was estimated by manual tracing at the same level 

on preoperative plain CT images and the mean CT values [Hounsfield units (HU)] for these areas were 

determined using the Aquarius NET server (Tera Recon, Inc., San Mateo, CA, USA). We placed 4 

circles on areas of subcutaneous fat away from major vessels in CT images, which were used as the 

region of interest (ROI) of subcutaneous fat. The mean CT values (HU) for the ROI of subcutaneous fat 

were also measured. IMAC was calculated by the ratio of these CT values, as previously reported by 

Kitajima, as follows.12, 13  

IMAC = mean CT value of ROI of multifidus muscle (HU) / mean CT value of ROI of subcutaneous 

fat (HU). 

High IMAC was regarded as a proxy for low muscle quality (Fig 1B).  

 

Cut-off values for PMI and IMAC 

Because the range of PMI in males and females is quite different, we established different cut-off lines 

for each using receiver operating characteristic (ROC) curves. The cut-off values were selected on the 
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basis of best accuracy in relation to an outcome (death). The cut-off values for PMI in males and females 

were 5.896 cm2/m2 [area under the curve (AUC) = 0.633] and 4.067 cm2/m2 (AUC = 0.567), respectively. 

Based on these cut-off values, patients were assigned to 1 of 2 groups, low PMI (n = 64) and normal/high 

PMI (n = 166). The cut-off values for IMAC in males and females were -0.343 (AUC = 0.626) and -

0.256 (AUC = 0.610), respectively. Based on these cut-off values, patients were assigned to 1 of 2 groups, 

high IMAC (n = 142) and normal/low IMAC (n = 88). Patient-related factors, tumor-related factors, 

surgical variables, postoperative complications, and rate of completion of chemotherapy were compared 

according to PMI and IMAC. 

 

Analyzed parameters 

The OS and RFS rates after pancreatic resection were investigated in patients classified as PMI or 

IMAC. Prognostic factors were examined with respect to those rates using the following variables: 

skeletal muscle mass (low PMI vs. normal/high PMI), skeletal muscle quality (high IMAC vs. 

normal/low IMAC), age (> 70 years vs. ≤ 70 years), sex (male vs. female), Body mass index (BMI) (< 

20.0 kg/m2 vs. ≥ 20.0 kg/m2), neutrophil-lymphocyte ratio (NLR) (> 4 vs. ≤ 4), platelet-lymphocyte ratio 

(PLR) (> 300 vs. ≤ 300), total lymphocyte count (TLC) (< 1000/μl vs. ≥ 1000/μl), C-reactive protein 

(CRP) level (> 1.0 mg/dl vs. ≤ 1.0 mg/dl), modified Glasgow prognostic score (mGPS) (2 vs. 0/1), 

prognostic nutritional index (PNI) (< 45 vs. ≥ 45), Carbohydrate antigen 19-9 (CA19-9) level (> 200 

U/ml vs. ≤ 200 U/ml), tumor size (> 2.0 cm vs. ≤ 2.0 cm), tumor differentiation (poorly differentiated vs. 

well/moderately differentiated adenocarcinoma), lymphatic vessel invasion (LY 2/3 vs. 0/1), blood 

vessel invasion (V 2/3 vs. 0/1), perineural invasion (NE 2/3 vs. 0/1), nodal metastasis, curability (R1 vs. 

R0 resection), operative procedure (PD/TP vs. DP), postoperative complications (presence vs. absence), 

and adjuvant chemotherapy (presence vs. absence). Modified GPS was calculated as previously 

described.14 Briefly, patients with both elevated CRP (> 1.0 mg/dl) and hypoalbuminemia (< 3.5 g/dl) 
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were given a score of 2, patients with elevated CRP and without hypoalbuminemia a score of 1, and 

those with normal CRP a score of 0. PNI was calculated as 10×albumin (g/dl)+0.005×total lymphocyte 

count(/μl).15 Postoperative complications were classified according to Clavien-Dindo classification,16 

with complications classified as grade 3 or greater considered to indicate the presence of postoperative 

complications. Adjuvant chemotherapy was performed with gemcitabine, S-1, or both, with a duration 

over 6 months considered as the presence of adjuvant chemotherapy. Resection curability was classified 

as R1 (complete resection with no grossly visible tumor as defined by the surgeon, but margins 

microscopically positive according to pathologist) and R0 (complete resection with no microscopic 

residual tumor). All of these parameters could be retrospectively extracted from patient’s clinical records. 

 

Statistical analysis 

Data are presented as the mean ± standard deviation (SD) for continuous variables. Continuous 

variables were non-parametrically analyzed using a Mann-Whitney U test. Categorical variables were 

compared using a χ² test or Fisher’s exact test as appropriate. Any variable with P < .10 in univariate 

analysis using the above tests was considered to be a candidate for multivariate analysis using the Cox 

proportional hazard model. Cumulative OS and RFS rates were calculated using the Kaplan-Meier 

method, and differences between curves were evaluated using a log-rank test. A P value < .05 was 

considered to indicate significance. All statistical data were generated using JMP 11 (SAS Institute, Cary, 

NC, USA) and Prism 6 (GraphPad Software, Inc., La Jolla, CA, USA). 

 

Results 

Correlations of PMI and IMAC with patient age  

PMI in males (7.132 cm2/m2, range 1.717-13.943) was significantly higher than that in females (4.999 

cm2/m2, 1.906 to 11.335) (P < .001) (Fig 2A), while IMAC in males (-0.333, -0.777 to +0.077) was 
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significantly lower than that in females (-0.182, -0.469 to +0.284) (P < .001) (Fig 2B). PMI was 

significantly inversely correlated with age in males (P = .002, r = -0.280), while there was no correlation 

in females (P = .513, r = 0.065) (Fig 2C), and IMAC was positively correlated with age in both males 

(P < .001, r = 0.490) and females (P < .001, r = 0.348) (Fig 2D). There was no significant correlation 

observed between PMI and IMAC (males P = .372, r = -0.081; females P = .277, r = 0.107).  

 

Baseline characteristics of patients classified according to PMI 

Clinicopathological characteristics of patients with low and normal/high PMI are shown in Table I. 

Patients with low PMI were significantly older than those with normal/high PMI (P = .002), while their 

body mass index (BMI) was significantly lower (P < .001). There were no significant differences 

between the low and normal/high PMI groups in regard to other patient-related factors, tumor-related 

factors, surgical variables, postoperative complications, and preoperative neo-adjuvant chemotherapy. 

However, the completion rate of postoperative adjuvant chemotherapy was significantly lower in 

patients with low PMI (65.6% vs. 80.1%, P = .021).  The reasons of the cessation of chemotherapy in 

patients with low PMI were patient’s poor general conditions (n=10; 45.5%), adverse effects of 

chemotherapy (n=2; 9.1%), and patient’s advanced age (n=2; 9.1%). 

 

Baseline characteristics of patients classified according to IMAC  

Clinicopathological characteristics of patients with high and normal/low IMAC are shown in Table 

II. Patients with high IMAC were significantly older than those with normal/low IMAC (P = .001), while 

their BMI was significantly higher (P = .007). There were no significant differences between the high 

and normal/low IMAC groups in regard to the other factors except for tumor size. Furthermore, the 

completion rate of postoperative adjuvant chemotherapy was significantly lower in patients with high 

IMAC (69.0% vs. 87.5%, P = .001). The reasons of the cessation of chemotherapy in patients with high 
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IMAC were patient’s poor general conditions (n=26; 59.1%), adverse effects of chemotherapy (n=4; 

9.1%), and patient’s advanced age (n=4; 9.1%). 

 

Overall and recurrence-free survival rates after pancreatic resection 

OS and RFS curves for patients with low PMI and normal/high PMI, and with high IMAC and 

normal/low IMAC are shown in Fig 3. OS rates in patients with low PMI were significantly lower than 

in those with normal/high PMI (P < .001) (Fig 3A). The mean survival time (MST) was 17.7 months 

and 33.2 months, respectively. OS rates in patients with high IMAC were significantly lower than in 

those with normal/low IMAC (P < .001) (Fig 3B). MST was 21.5 months and 56.5 months, respectively. 

RFS rates in patients with low PMI were significantly lower than in those with normal/high PMI (P 

< .001) (Fig 3C). RFS rates in patients with high IMAC were significantly lower than in those with 

normal/low IMAC (P = .003) (Fig 3D).  

The patients with normal-high PMI can be divided into two groups; those with high IMAC and those 

with normal-low IMAC. The OS rate for patients with normal-high PMI/ high IMAC was significantly 

lower than that for those with normal-high PMI/ normal-low IMAC (P < .001) (Fig 4A). The RFS rate 

for patients with normal-high PMI/ high IMAC was significantly lower than that for those with normal-

high PMI/ normal-low IMAC (P = .046) (Fig 4B). On the other hand, as for patients with low PMI, the 

OS and RFS rates for patients with high IMAC/ low PMI were lower than those for patients with normal-

low IMAC/ low PMI, while these difference were not statistically significant (OS: P = .087, RFS: P 

= .076, respectively). 

A total of 141 patients died during the follow-up period. The cause of death in 55 patients with low 

PMI were as follows: primary disease (n = 50), sepsis (n = 2), cerebral infarction (n = 1), and others (n 

= 2). The cause of 86 patients with normal/high PMI were as follows: primary disease (n = 81), 

myocardial infarction (n = 1), pneumonia (n = 1), other site of cancer (n = 1), and others (n = 2). There 
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were no significant differences for causes of death between the 2 subgroups (P = .448). Similarly, 

between the 2 subgroups classified according to IMAC, we found no significant differences in regard to 

causes of death (P = .214). 

 

Risk factors for poor outcome in patients undergoing pancreatic resection 

In univariate analysis, low PMI (lower skeletal muscle mass), high IMAC (lower skeletal muscle 

quality), lower PNI, higher CA19-9 level, tumor size, lymphatic vessel invasion, perineural invasion, 

nodal metastasis, R1 resection, and absence of adjuvant chemotherapy were identified as significant risk 

factors for death after pancreatic resection for pancreatic cancer. Multivariate analysis identified low PMI, 

high IMAC, male gender, poorly differentiated tumor, lymphatic vessel invasion, nodal metastasis, R1 

resection, and absence of adjuvant chemotherapy as 8 independent significant risk factors for death after 

pancreatic resection for pancreatic cancer (Table III).  

Univariate analysis also revealed that low PMI, high IMAC, lower PNI, higher CA19-9 level, tumor 

size, lymphatic vessel invasion, perineural invasion, nodal metastasis, and R1 resection were significant 

risk factors for pancreatic cancer recurrence after the operation. Multivariate analysis identified low PMI, 

high IMAC, nodal metastasis, and R1 resection as 4 independent risk factors for pancreatic cancer 

recurrence after the operation (Table IV).  

Thus, lower skeletal muscle mass and lower skeletal muscle quality were both identified as 

independent risk factors for OS and RFS. 

 

Discussion 

The results of our retrospective study revealed that preoperative PMI and IMAC are independent risk 

factors for mortality after curative resection of pancreatic cancer. The previous report regarding the 

relationship between sarcopenia and pancreatic cancer focused only on skeletal muscle mass 8. To the 
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best of our knowledge, this is the first study to investigate the impact of skeletal muscle quality on 

survival after pancreatic cancer resection.   

In previous reports, only skeletal muscle mass was used to define sarcopenia, because muscle strength 

and function are difficult to evaluate. Indeed, it is considered that muscle mass and strength are highly 

correlated, and that loss of muscle strength is a direct result of lost muscle mass. However, some patients 

may have lower levels of muscle function and strength even though muscle mass seems to be adequate, 

because of reduced muscle quality. High IMAC indicates a lower level of lean muscle mass as well as 

higher level of intramuscular adipose tissue. Therefore, we used intramuscular adipose tissue 

accumulation with PMI to evaluate preoperative sarcopenia. Several studies have shown that loss of 

muscle tissue in sarcopenia is accompanied by infiltration with fat and connective tissue, a condition 

known as myosteatosis.17 Assessments of skeletal muscle quality and intramuscular fat infiltration are 

therefore crucial for considering sarcopenia. 

In our study, though patients with normal-high PMI were considered to have normal muscle volume, 

patients with low muscle quality in this group had a high risk for poor survival. The OS and RFS rates 

for patients with normal-high PMI/ high IMAC were significantly lower than those for patients with 

normal-high PMI/ normal-low IMAC (P < .001, P = .046, respectively), which indicates that patient 

prognosis is highly dependent on the quality of skeletal muscle and those with low muscle quality have 

a poor prognosis even if muscle volume is near normal. Thus, assessment of only muscle volume is not 

sufficient, and evaluations of both quality and quantity of skeletal muscle are more reliable for predicting 

prognosis. 

Following resection of pancreatic cancer, prognosis was shown to depend on several tumor-specific 

factors including tumor size, tumor differentiation, lymph node metastasis, and resection margin status. 

However, prognosis after surgery is multifactorial, and related to not only tumor-specific factors but also 

individual patient characteristics. Moreover, most tumor-specific factors can only be determined after 
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surgery. Therefore, it is useful to reveal patient-specific potential prognostic indicators that are available 

before surgery. Previous studies have suggested that preoperative parameters, such as CRP,18 

thrombocytosis,19 lymphocytopenia,20,21 NLR,22,23 PLR24, mGPS14, and PNI,15 represent potential 

prognostic markers in resected pancreatic cancer cases. In our study, tumor-specific factors including 

tumor differentiation, lymphatic vessel invasion, lymph node metastasis, and resection curability, as well 

as adjuvant chemotherapy were associated with survival. On the other hand, preoperative parameters, 

such as BMI, NLR, PLR, CRP, mGPS, and PNI did not remain as independent poor prognostic factors 

in multivariate analysis. Therefore, in terms of preoperative patient-specific factors, PMI and IMAC 

would be more reliable than the other preoperative markers examined in our study.  

The molecular mechanism of sarcopenia remains poorly understood. Recently, skeletal muscle and 

adipose tissue have become to be considered as secretary organs,25 with several different cytokines and 

peptides (classified as myokines), such as interleukin-6 (IL-6) and insulin-like growth factor-1 (IGF-1), 

shown to be released from skeletal muscle, and several adipocytokines (called adipokines), such as 

adiponectin and leptin, released from adipose tissue.25 Myokines are considered to balance and 

counteract the effects of adipokines. Furthermore, the associations among immunity, inflammation, and 

adipocytokines have recently been emphasized as key mechanisms by which sarcopenia affects patient 

survival.17,26 

We are currently implementing preoperative and postoperative nutritional and exercise therapeutic 

protocols, especially for patients with sarcopenia or with poor nutritional status. Although the ideal 

period of these perioperative therapy before and after operation is not established, in our opinion, at least 

one month before operation and a few months after operation are required to improve sarcopenia. 

However, the duration of preoperative intervention should be decided incorporating the progression of 

pancreatic cancer during such intervention. Our group previously reported the impact of nutritional 

therapy on prognosis after living-donor liver transplantation, especially in patients with sarcopenia.7 We 
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trust that our supportive therapy will also improve the prognosis of pancreatic cancer patients, though 

whether nutritional and exercise therapy is truly effective must be clarified in a prospective study.  

Preoperative PMI and IMAC can be very reliable parameters for prognosis after surgery. In addition, 

risk stratification for sarcopenia can be easily performed before surgery using these parameters. Such 

risk stratification and scoring would be useful for making clinical decisions, and also when considering 

indication of surgery for high-risk patients, though further investigations are needed. At present, we 

would rather make supportive interventions for high-risk patients than change our surgical indication for 

potentially resectable pancreatic cancer.  

There are several limitations to our study. First, the correlation of IMAC and skeletal muscle strength 

could not be investigated because of the retrospective study design. However, recent investigations have 

shown that intramuscular fat accumulation contributes to declines in muscle strength and quality.11,27 

Higher attenuation value, or density, of skeletal muscle shown by CT was reported to be associated with 

greater muscle strength independent of muscle volume.28 These findings support our notion that IMAC 

is a possible new parameter to assess sarcopenia instead of solely measuring muscle strength. In addition, 

for evaluation of sarcopenia, we are now conducting a prospective study to examine other parameters of 

muscle function, such as grip strength, walking speed, and levels of exhaustion, in which we hope to 

reveal the relationship between IMAC and muscle strength. Because of the retrospective study design, 

we couldn’t investigate the extent of preoperative body weight loss from patient charts. We would like 

to prospectively investigate the relationship between preoperative body weight loss and sarcopenia 

markers. As for measurements using CT images, we chose to utilize the psoas muscle as a means to 

evaluate skeletal muscle mass and the multifidus muscle to evaluate skeletal muscle quality at the 

umbilical level in cross-sectional CT images, as previously reported; however, other approaches have 

been advocated (e.g., total skeletal muscle mass at L3 level).4,29 Another point we have to keep in mind 

is that the completion rate of adjuvant chemotherapy in patients with low PMI was significantly lower 
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than that of those with normal/high PMI (65.6% vs. 80.1%), and the rate in patients with high IMAC 

was significantly lower than that in those with normal/low IMAC (69.0% vs. 87.5%), which might have 

influenced patient survival to some extent. In patients with sarcopenia and advanced age, we are often 

obliged to abandon chemotherapy because of their poor general condition and severe adverse effects. 

However, in multivariate analysis, low PMI and high IMAC remained as independent prognostic factors 

for poor survival even after adjustment for the influence of chemotherapy. Finally, it is important to 

consider whether our cut-off values for PMI and IMAC are adequate to define sarcopenia. Several 

previous reports utilized separate definitions for sarcopenia, though there remains no consensus or 

objective criteria to define the condition. In the present study, we determined cut-off values for PMI and 

IMAC based on ROC curves, which is considered to be a more accurate and objective method than use 

of SD for setting cut-off values. However, further investigations are necessary. 

In conclusion, preoperative sarcopenia, defined by both quality and quantity of skeletal muscle, was 

found to be closely involved with postoperative survival (OS, RFS) in patients undergoing resection of 

pancreatic cancer. Assessment of sarcopenia using PMI and IMAC can be easily performed. Along with 

postoperative tumor-specific prognostic factors, preoperative evaluation of sarcopenia, including muscle 

quality as well as muscle mass, may be useful for risk stratification and clinical decision-making for 

patients with pancreatic cancer. 
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Appendices 

Abbreviations 

AUC, area under the curve; BMI, body mass index; CA 19-9, carbohydrate antigen 19-9; CI, confidence 

interval; CT, computed tomography; CRP; C-reactive protein; DP, distal pancreatectomy; HR, Hazard 

ratio; HU, Hounsfield Unit; IMAC, intramuscular adipose tissue content; mGPS, modified Glasgow 

prognostic score; LY, grade of lymphatic vessel invasion; MST, mean survival time; NE, grade of 
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perineural invasion; NLR, neutrophil-lymphocyte ratio; OS, overall survival; PD, 

pancreaticoduodenectomy; PNI, prognostic nutritional index; PLR, platelet-lymphocyte ratio; PMI, 

psoas muscle mass index; RFS, recurrence-free survival; ROC, receiver operating characteristic; ROI, 

region of interest; SD, standard deviation; TLC, total lymphocyte count; TP, total pancreatectomy; V, 

grade of blood vessel invasion 
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Figure Legends 

Fig 1.   Cross-sectional computed tomographic images of umbilical level. 

A.  The bilateral psoas muscle areas were measured by manual tracing. 

PMI = cross-sectional area of bilateral psoas muscle / height2 (cm2/m2). 

B.  Subfascial muscular tissue in the multifidus muscle was precisely traced, with 4 small circles 

placed on subcutaneous fat away from major vessels.              

IMAC = mean CT value of ROI of multifidus muscle (HU) / mean CT value of ROI of subcutaneous 

fat (HU). 

PMI, psoas muscle mass index; CT, Computed Tomography; HU, Hounsfield Unit; IMAC, 

intramuscular adipose tissue content; ROI, Region of interest                                                                                                                                                                                                                                                                                                                        

Fig 2.  A.  Box-and-whisker plot of PMI.    B.  Box-and-whisker plot of IMAC.  C.  

Correlation of PMI with age.     D.  Correlation of IMAC with age.  

PMI, psoas muscle mass index; IMAC, intramuscular adipose tissue content 

Fig 3.   Overall survival rates after pancreatic resection according to PMI (A) and IMAC (B), and 

recurrence-free survival rates after pancreatic resection according to PMI (C) and IMAC (D). 

PMI, psoas muscle mass index; IMAC, intramuscular adipose tissue content 

Fig 4.  Overall survival rates after pancreatic resection for patients with normal/high PMI classified 

according to IMAC (A), and recurrence-free survival rates after pancreatic resection for patients with 

normal/high PMI classified according to IMAC (B). 

PMI, psoas muscle mass index; IMAC, intramuscular adipose tissue content 
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TABLE I.  Clinicopathological characteristics of patients with low PMI and normal/high PMI. 

  
Low  

PMI 

Normal/High 

 PMI 
P value 

  (n=64) (n=166)  

 Age (years); Mean ± SD 69.3 ± 8.6 64.8 ± 10.0 .002 

 Sex; Male / Female 33 / 31 91 / 75 .657 

 BMI; Mean ± SD 20.3 ± 3.2 22.2 ± 3.2 <.001 

 Albumin (g/dl); Mean ± SD 4.0 ± 0.1 4.1 ± 0.0 .122 

 CRP (mg/dl); Mean ± SD 0.5 ± 0.1 0.3 ± 0.1 .325 

 Platelet count (×104/μl); Mean ± SD 23.0 ± 5.8 21.9 ± 7.7 .278 

 Total lymphocyte count (/μl); Mean ± SD 1467 ± 64 1493 ± 40 .726 

 Neutrophil-lymphocyte ratio; Mean ± SD 3.0 ± 0.2 2.7 ± 0.1 .269 

 Platelet-lymphocyte ratio; Mean ± SD 176 ± 10 162 ± 6 .220 

Modified Glasgow prognostic score; 0 / 1 / 2 60 / 2 / 2 153 / 11 / 2 .369 

 Prognostic nutritional index; Mean ± SD 47.7 ± 6.6 48.8 ± 5.0 .192 

 CA19-9 (U/ml); Mean ± SD  335.6 ± 79.0 228.3 ± 49.0 .249 

 Tumor size (cm); Mean ± SD 3.1 ± 1.2 2.9 ± 1.3 .407 

 Tumor differentiation; 

      Well + Moderately / Poorly differentiated adenocarcinoma 
55 / 9 142 / 24 .939 

 Stage (UICC); Ia / Ib / IIa / IIb / III / IV 1 / 0 / 15 / 45 / 1 / 2 4 / 8 / 62 / 84 / 2 / 6 .102 

 Type of operation; PD / DP / TP 43 / 19 / 2 112 / 47 / 7 .918 

 Resection curability; R0 / R1 57 / 7 133 / 33 .109 

 Postoperative complications; n (%) (Clavien Dindo grade ≥ 3） 6 (9.4) 9 (5.4) .277 

 Neo-adjuvant chemotherapy; n (%) 7 (10.9) 17 (10.2) .877 

 Adjuvant chemotherapy; n (%) 40 (62.5) 133 (80.1) .006 

BMI, body mass index; CA 19-9, carbohydrate antigen 19-9; CRP, C-reactive protein; DP, distal pancreatectomy; IMAC, 

intramuscular adipose tissue content; PD, pancreaticoduodenectomy; SD, standard deviation; TP, total pancreatectomy; UICC, 

Union for International Cancer Control 
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TABLE II. Clinicopathological characteristics of patients with high IMAC and normal/low IMAC. 

  
High  

IMAC 

Normal/Low 

IMAC 
P value 

  (n=142) (n=88)  

 Age (years); Mean ± SD 69.2 ± 8.5 60.9 ± 9.7 <.001 

 Sex; Male / Female 69 / 73 55 / 33  .040 

 BMI; Mean ± SD 22.1 ± 3.5 20.9 ± 2.7 .007 

 Albumin (g/dl); Mean ± SD 4.1 ± 0.0 4.1 ± 0.0 .301 

 CRP (mg/dl); Mean ± SD 0.3 ± 0.1 0.5 ± 0.1 .260 

 Platelet count (×104/μl); Mean ± SD 22.5 ± 7.5 21.7 ± 6.8 .447 

 Total lymphocyte count (/μl); Mean ± SD 1518 ± 43 1433 ± 54 .221 

 Neutrophil-lymphocyte ratio; Mean ± SD 2.8 ± 0.2 2.8 ± 0.2 .917 

 Platelet-lymphocyte ratio; Mean ± SD 170 ± 7 159 ± 8 .285 

Modified Glasgow prognostic score; 0 / 1 / 2 132 / 8 / 2 81 / 5 / 2 .888 

 Prognostic nutritional index; Mean ± SD 48.4 ± 0.5 48.5 ± 0.5 .846 

 CA19-9 (U/ml); Mean ± SD  266.5 ± 53.2 244.7 ± 67.5 .801 

 Tumor size (cm); Mean ± SD 3.1 ± 1.3 2.7 ± 1.2 .043 

 Tumor differentiation;  

Well + Moderately / Poorly differentiated adenocarcinoma 
123 / 19 74 / 14 .595 

 Stage (UICC); Ia / Ib / IIa / IIb / III / IV 3 / 4 / 45 / 87 / 1 /2 2 / 4 / 32 / 42 / 2 / 6 .146 

 Type of operation; PD / DP / TP 99 / 36 / 7 56 / 30 / 2 .256 

 Resection curability; R0 / R1 120 / 22 70 / 18 .335 

 Postoperative complications; n (%) (Clavien Dindo grade ≥ 3） 11 (7.8) 4 (4.6) .339 

 Neo-adjuvant chemotherapy; n (%) 12 (8.5) 12 (13.6) .211 

 Adjuvant chemotherapy; n (%) 96 (67.6) 77 (87.5) <.001 

BMI, body mass index; CA 19-9, carbohydrate antigen 19-9; CRP, C-reactive protein; DP, distal pancreatectomy; IMAC, 

intramuscular adipose tissue content; PD, pancreaticoduodenectomy; SD, standard deviation; TP, total pancreatectomy; UICC, 

Union for International Cancer Control 
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TABLE III.  Univariate and multivariate analysis of clinicopathological factors and overall survival 

following resection of pancreatic cancer. (Cox proportional hazard model.) 

Variable Univariate  Multivariate  

 Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value 

Low PMI 2.347 (1.658-3.296) <.001 1.999 (1.372-2.895) <.001* 

High IMAC 2.337 (1.617-3.453) <.001 2.527 (1.658-3.922) <.001* 

Age (>70) 1.410 (0.999-1.973) .051 1.092 (0.736-1.612) .661 

Male gender 1.362 (0.977-1.909) .069 1.633 (1.117-2.399) .011* 

BMI (< 20 kg/m2) 0.960 (0.662-1.367) .823 - - 

NLR (>4) 1.383 (0.877-2.095) .157 - - 

PLR (>300) 1.005 (0.721-1.400) .977 - - 

TLC (<1000/μl) 1.104 (0.636-1.796) .709 - - 

CRP (>1.0 mg/dl) 1.342 (0.722-2.285) .332 - - 

mGPS (2 vs 0,1) 2.705 (0.827-6.478) .092 1.729 (0.497-4.635) .353 

PNI (<45) 1.570 (1.038-2.309) .033 1.073 (0.675-1.650) .759 

CA19-9 (>200 U/ml) 1.797 (1.258-2.535) .002 1.012 (0.661-1.530) .957 

Tumor size (>2.0cm) 1.696 (1.152-2.572) .007 1.010 (0.659-1.583) .963 

Poorly differentiated tumor 1.529 (0.924-2.398) .095 1.909 (1.090-3.199) .025* 

LY 2,3 (vs. 0,1) 2.311 (1.358-3.704) .003 1.840 (1.030-3.113) .040* 

V 2,3 (vs. 0,1) 1.215 (0.834-1.737) .304 - - 

NE 2,3 (vs 0,1) 1.761 (1.254-2.492) .001 1.360 (0.919-2.022) .124 

Nodal metastasis 2.041 (1.437-2.943) <.001 1.567 (1.064-2.341) .023* 

R1 (vs. R0) 1.575 (1.007-2.373) .047 2.070 (1.259-3.324) .005* 

PD/TP  (vs. DP) 1.443 (0.998-2.136) .051 1.446 (0.968-2.203) .072 

Postoperative complication  

(Clavien Dindo grade ≥ 3) 
1.702 (0.864-3.016) .117 - - 

Adjuvant chemotherapy (-) (vs. +) 1.530 (1.033-2.214) .034 1.793 (1.143-2.779) .012* 
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*Statistically significant. 

BMI, body mass index; CA 19-9, carbohydrate antigen 19-9; CI, confidence interval; CRP, C-reactive protein; DP, distal pancreatectomy; IMAC, 

intramuscular adipose tissue content; LY, grade of lymphatic vessel invasion; mGPS, modified Glasgow prognostic score; NE, grade of perineural 

invasion; NLR, neutrophil-lymphocyte ratio; PD, pancreaticoduodenectomy; PLR, platelet-lymphocyte ratio; PMI, psoas muscle mass index; PNI, 

prognostic nutritional index; TLC, total lymphocyte count; TP, total pancreatectomy; V, grade of blood vessel invasion 
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TABLE IV.  Univariate and multivariate analysis of clinicopathological factors and recurrence-free 

survival following resection of pancreatic cancer. (Cox proportional hazard model.) 

Variable Univariate  Multivariate  

 Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value 

Low PMI 1.921 (1.390-2.628) <.001 1.607 (1.140-2.242) .007* 

High IMAC 1.577 (1.154-2.814) .004 1.640 (1.174-2.318) .004* 

Age (>70) 1.136 (0.837-1.535) .411 - - 

Male gender 1.251 (0.927-1.694) .143  - - 

BMI (< 20 kg/m2) 1.039 (0.748-1.426) .816 - - 

NLR (>4) 1.413 (0.934-2.068) .099 1.342 (0.863-2.021) .186 

PLR (>300) 1.331 (0.655-2.396) .402 - - 

TLC (<1000/μl) 1.015 (0.621-1.574) .949 - - 

CRP (>1.0 mg/dl) 1.048 (0.566-1.771) .873 - - 

mGPS (2 vs 0,1) 1.905 (0.585-4.521) .250 - - 

PNI (<45) 1.493 (1.035-2.110) .033 1.210 (0.826-1.735) .321 

CA19-9 (>200 U/ml) 2.043 (1.481-2.793) <.001 1.293 (0.899-1.843) .164 

Tumor size (>2.0cm) 1.574 (1.109-2.289) .010  1.049 (0.719-1.561) .806 

Poorly differentiated tumor 1.266 (0.795-1.923) .307 - - 

LY 2,3 (vs. 0,1) 1.969 (1.180-3.099) .011 1.595 (0.914-2.634) .097 

V 2,3 (vs. 0,1) 1.288 (0.919-1.779) .139 - -  

NE 2,3 (vs 0,1) 1.641 (1.211-2.231) .001 1.057 (0.752-1.489) .748 

Nodal metastasis 2.362 (1.713-3.300) <.001 1.924 (1.348-2.782) <.001* 

R1 (vs. R0) 1.737 (1.154-2.533) .009 2.017 (1.299-3.043) .002* 

PD/TP  (vs. DP) 1.245 (0.906-1.734) .178 - - 

Postoperative complication  

(Clavien Dindo grade ≥ 3) 
1.712 (0.923-2.902) .085 1.606 (0.851-2.788) .136 

Adjuvant chemotherapy (-) (vs. +) 1.117 (0.777-1.571)  .542 - - 
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*Statistically significant. 

BMI, body mass index; CA 19-9, carbohydrate antigen 19-9; CI, confidence interval; CRP, C-reactive protein; DP, distal pancreatectomy; IMAC, 

intramuscular adipose tissue content; LY, grade of lymphatic vessel invasion; mGPS, modified Glasgow prognostic score; NE, grade of perineural 

invasion; NLR, neutrophil-lymphocyte ratio; PD, pancreaticoduodenectomy; PLR, platelet-lymphocyte ratio; PMI, psoas muscle mass index; PNI, 

prognostic nutritional index; TLC, total lymphocyte count; TP, total pancreatectomy; V, grade of blood vessel invasion 
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Fig 2 
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Fig 3 
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Fig 4 
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