
www.aging-us.com 10301 AGING 

 

INTRODUCTION 
 
Colorectal cancer (CRC) is one of the most common 
malignancies of digestive gastrointestinal tract [1, 2]. In 
China, approximately 20% to 25% of CRC patients have 
liver metastases (CRLM) at the time of initial diagnosis 
and overall prognosis is poor [3]. Resection is now 
considered as the optimal method to improve CRLM 
patients’ survival [4]. Thus effective markers affecting 
postoperative prognosis are still warranted. 
 
For CRLM, it is still the regular circulating tumor 
biomarkers (CEA and CA19-9) and radiological 
examination (CT: computed tomography and MRI:  

 

magnetic resonance imaging) that determine treatment 
decisions and predict prognosis. Besides, many body-
composition markers, such as skeletal muscle index 
(SMI) and prognostic nutrition index (PNI) have been 
reported to be associated with survival, complication and 
hospitalization in patients [5–8]. With regard to these 
factors, loss of SMI has been proven to be significantly 
present in cancer patients with distant metastasis [9]. 
PNI, a known marker reflecting circulating albumin level 
and lymphocyte number, was also proven to be predictive 
in cancer patients [10, 11]. 
 
So far, combined effects of SMI and PNI for resected 
CRLM patients has not been demonstrated. Thus in this 
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ABSTRACT 
 
Background: In this paper, we aim to explore clinical value of skeletal muscle index (SMI) and prognostic 
nutrition index (PNI) on resected colorectal cancer liver metastasis (CRLM). 
Results: Among the 539 patients, 355 were males. Baseline lower SMI was associated with smaller BMI, smaller 
PNI, smaller pre-albumin and longer hospitalization days (P<0.05). Patients with lower SMI and PNI had 
significantly shorter duration of PFS and OS (P<0.05). SMI can reflect the postoperative treatment response. 
Postoperative 6-month’s and 12-month’s SMI and PNI can indicate overall prognosis. When combined SMI and 
PNI, prognostic AUC of ROC curves improved significantly. 
Conclusion: Combined monitor of SMI and PNI can improve the power at predicting prognosis. Postoperative 6-
month’s record of SMI and PNI was more accurate and predictive for CRLM prognosis. 
Method: A total of 539 resected CRLM patients between January 2013 to December 2016 with complete clinical 
data were included. Computed tomography image was collected from each patient. Receiver-operating 
characteristic (ROC) curves were constructed; area under curves (AUC) were also determined. All clinical 
variables were analyzed in proper way. 
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study, we aim to explore combined clinical value of SMI 
and PNI in resected CRLM patients. 
 
RESULTS 
 
Patients’ common characteristics and survival 
 
539 patients with CRLM were recruited in this study. 
Mean (SD) age was 60.6 (±11.7) years old, ranging from 
24 to 92, and 355 (65.9%) patients were male. 
Univariate and multivariable Cox regression analysis for 
OS are outlined in Table 1. Higher T stage, higher N 
stage, lower differentiation grade and microvascular 
involvement were significantly associated with worse 
outcomes (all P-value<0.05). Besides, patients received 
simultaneous resection of liver metastasis demonstrated 
better survival outcomes (P-value<0.01). Interestingly, 
there were no statistically significant differences 
between study participants in regard to gender, age, 
primary tumor location and peri-neural invasion in our 
series (P-value>0.05). From multivariable analysis, we 
found that T stage (P-value=0.02), tumor differentiation 
(P-value=0.01), Baseline SMI level (P-value<0.01) and 
simultaneous metastasectomy status (P-value<0.01) 
were regarded as independent risk indicators for OS. 
 
Correlation of baseline physiological compositions 
and clinical characteristics 
 
Median follow-up duration was 24 months, ranging from 
3 months to 77 months. Median BMI was 24.1 kg/m2 

(ranging from 14.9 to 36.8 kg/m2), including males of 
26.0 kg/m2 and females of 21.7 kg/m2 (P-value<0.001), 
while median SMI value of males has no statistical 
difference compared to females (40.5 cm2/m2 versus 
39.0 cm2/m2, P-value=0.064). Linear regression 
relationship between SMI and PNI was determined in 
Figure 1 (P<0.05) and the R square for relation was 0.01. 
 
When cut-off values for SMI were applied (43 cm2/m2 
for males and 41 cm2/m2 for females), the cohort was 
divided into 309 (57.3%) and 230 (42.7%) patients with 
low and high SMI. Baseline low SMI was observed in 
116 of 184 females (63.0%) and 193 of 355 males 
(54.4%) (P=0.05). Comparisons of clinical features of 
CRLM patients with low or high-SMI were shown in 
Table 2. Patients with low SMI had significantly smaller 
pre-albumin (P-value=0.01), smaller PNI (P-value=0.04) 
and shorter hospital stays (P-value=0.03) compared with 
those with high SMI. There was no difference in the 
value of transferrin, CRP, lymphocyte count, CEA and 
CA19-9. To identify the prognostic role of baseline SMI, 
ROC curves and Kaplan-meier analysis were performed. 
As is shown in Figure 2, time-dependent ROC curves 
were separately constructed to compare clinical value of 
baseline SMI and PNI. Area under curve (AUC) of 

baseline SMI and PNI were 0.69, 0.57 in Figure 2A and 
2B, respectively. CRLM patients with low SMI was 
demonstrated to have shorter duration of PFS (Figure 
2C, P-value=0.02, HR: 1.31; 95%CI: 1.00-1.71) and OS 
(Figure 2D, P-value<0.001, HR:1.728; 95%CI: 1.186-
2.517) than their high SMI counterparts. 
 
SMI as an indicator on treatment response and 
tumor progression 
 
CRLM patients was divided into two different cohorts 
based on whether simultaneous liver metastasectomy 
was performed: simultaneous liver resection (SLR) 
cohort and no simultaneous liver resection (N-SLR) 
cohort. Totally, SLR cohort patients had longer duration 
of PFS compared with N-SLR patients (Figure 3A, P-
value<0.01, HR: 3.19; 95%CI: 2.42-4.21). Specifically, 
SLR cohort included 181 patients, occurrence or 
metastasis was observed in 50 patients (27.6%), while 
N-SLR cohort included 358 patients and occurrence or 
metastasis was observed in 194 patients (54.2%). 
 
To compare indicative efficacy of SMI on therapeutic 
response, patients at the status of PR (namely during the 
treatment process had increased SMI, whereas patients 
regarded as having PD/SD had decreased SMI (loss of 
muscle volume) (Figure 3B, Fisher’s exact test, P-
value<0.01). Table 3 included SMI value in initial 
diagnosis, PR, SD and PD status. Furthermore, a 
subgroup analysis was also performed to compared 
indicative role of SMI. In SLR cohort, median value of 
SMI at status of initial diagnosis, PR, SD and PD was 
separately 41.87cm2/m2, 46.89cm2/m2, 34.36 cm2/m2 
and 28.55 cm2/m2 (P-value<0.01), whereas value of 
SMI at status of initial diagnosis, PR, SD and PD was 
39.17 cm2/m2, 45.51 cm2/m2, 34.75 cm2/m2 and 30.47 
cm2/m2 (P-value<0.001), which is also shown in Figure 
3C and 3D. 
 
6 months’ loss of SMI is indicative for worse 
prognosis in CRLM patients 
 
To explore the indicative clinical value of SMI changes 
in CRLM patients, further analysis was performed. Table 
4 confers all changes of SMI and SMD in each period 
after the operation. Compared with the significant 
changes in muscle area (MA), our analysis showed that 
muscle density was not statistically changed after 
operation. For the change of MA, at the first 
postoperative evaluation of SMI based on CT scan (3 
months after operation), median change of MA was -
3.7% (Figure 4A) (skeletal muscle mass decreased by 3.7 
percent), ranging from -25.6% to 19.4% (skeletal muscle 
mass increased by 19.4 percent). On the following 6 and 
12 months postoperative CT scan, median change of MA 
was separately -8.8% (95% CI: -11.7% to -2.3%) and 
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Table 1. Association of overall survival with clinicopathological characteristics in colorectal cancer patients. 

Characteristics  Univariate analysis Multivariate analysis 
N HR 95% CI P-value HR 95% CI P-value 

Ages (years)    0.29   0.12 
< 60 224 1.00   1.00   
≥ 60 315 1.33 0.78-2.26  1.35 0.82-1.93  

Gender    0.77   0.89 
Females 184 1.00   1.00   
Males 355 1.08 0.64-1.83  1.01 0.56-1.74  

Location    0.45   0.52 
Left sided colon 232 1.00   1.00   
Right sided colon 121 1.23 0.78-1.45  1.12 0.63-1.48  
Rectum 186 0.89 0.65-1.23  0.92 0.55-1.28  

T stage    0.02   0.02 
T1/T2 87 1.00   1.00   
T3/T4 452 2.32 1.86-2.66  2.02 1.52-2.42  

N stage    <0.01   0.05 
N0 57 1.00   1.00   
N1/N2 482 1.89 1.65-2.13  1.23 0.89-1.67  

Differentiation    <0.01   0.01 
Low grade 352 1.00   1.00   
High grade 187 2.01 1.45-2.23  1.62 1.48-1.92  

Microvascular involvement    <0.01   0.456 
Absent 100 1.00   1.00   
Present 439 1.44 1.12-1.65  1.21 0.68-1.41  

Peri-neural invasion    0.08   0.06 
Absent 221 1.00   1.00   
Present 318 1.22 0.91-1.35  1.34 0.89-1.43  

Simultaneous Metastasectomy    <0.01   <0.01 
Performed 181 1.00   1.00   
Not performed 358 2.45 1.66-2.89  2.22 1.87-2.43  

Baseline SMI level    <0.01   <0.01 
<43 (men), <41 (women) 309 1.00   1.00   
≥43 (men), ≥41 (women) 230 1.73 1.19-2.52  1.63 1.29-2.32  

 

-10.1% (95% CI: -15.2% to -6.5%) (Figure 4C and 4E). 
It is reported that 8% decreased SMI was regarded as the 
cut-off value of major SMI loss [33]. Figure 4B 
demonstrated that CRLM patients with loss of SMI at the 
3 months CT scan had not statistically different survival 
outcome with another SMI-stable group (P=0.61). As are 
shown in Figure 4D and 4F, 8% cut-off loss of SMI 
recorded from more than 6 months postoperative CT scan 
was regarded as a significant risk factor indicating worse 
prognosis in CRLM patients (P-value<0.001). Subgroup 
analysis was also performed for SLR cohort patients and 
N-SLR cohort patients, respectively (Supplementary 
Figure 2A–2F). 
 
Prognostic efficacy of PNI in CRLM patients 
 
Since 3, 6 and 12 month PNI were also recorded, 
prognostic efficacy of PNI was also calculated. Figure 5 

 
 

Figure 1. Clinical Correlation between SMI and PNI; Value 
of R square for each relation was calculated. R square was 
0.01. Statistical significance was determined. SMI, skeletal muscle 
index; PNI, prognostic nutrition index. 
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Table 2. Clinicopathological factors in CRLM patients with baseline different SMI levels. 

 Low SMI (n=309) High SMI (n=230) P-value 
Ages (years) 61.6±11.6 59.3±11.9 0.01 
Gender (Females/Males) 116/193 68/162 0.05 
SMI (cm2/m2) 33.6±4.4 48±6.0 <0.001 
BMI (kg/m2) 22.8±4.2 25.6±4.4 <0.001 
Albumin (g/dl) 38.5±5.0 38.8±6.7 0.48 
Pre-albumin (g/dl) 0.12±0.05 0.15±0.04 0.01 
Total bilirubin (mg/dl) 10.8±6.7 11.3±4.4 0.64 
Platelet count (*103/mm3) 213.3±88.0 219.1±87.6 0.45 
Lymphocyte count 1.16±0.42 1.13±0.39 0.51 
platelet/lymphocyte ratio 204.4±113.6 214.3±120.4 0.33 
C-reaction protein 9.8±6.2 11.5±12.6 0.32 
CRP/Alb ratio 0.27±0.44 0.35±0.71 0.14 
CEA (ng/L) 52.0±118.8 54.3±132.4 0.86 
CA19-9 (ng/L) 210.1±710.6 169.4±848.3 0.60 
Prognostic nutritional index 40.2±5.4 44.1±7.8 0.04 
Hospital stay (days) 13.7±8.2 11.7±6.9 0.03 

Note: comparison of clinical characteristics between different SMI levels were determined by paired t-test. 
 

 
 

Figure 2. ROC curves for baseline SMI (A) and PNI (B) were constructed, AUC for SMI and PNI were separately 0.69 and 0.57; prognostic 
value of SMI in PFS (C) and OS (D) was also determined in CRLM patients, Patients with initial low SMI were found to have significantly 
shorter duration of PFS (P=0.002) and OS (P-value<0.001). ROC, receive operating curve; AUC, area under curve; SMI, skeletal muscle index; 
PNI, prognostic nutrition index; PFS, progression free survival; OS, overall survival. 
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revealed that, for all patients, AUC of 3 months,  
6 months and 12 months were separately 0.54, 0.73  
and 0.67. Further analysis was also performed in  
both SLR and N-SLR group patients. As are shown  
in Supplementary Figure 2G–2L, 6 months PNI 
demonstrated more accurate prognostic value with a 
higher AUC in SLR (0.72) and N-SLR cohorts (0.73). 

Consistency analysis of SMI and PNI in resected 
CRLM patients 
 
Totally, there is no statistical difference of median SMI 
between baseline and 3 months postoperative CT scan 
(Table 4), whereas 6 months and 12 months CT scan 
showed totally decreased SMI (P-value<0.001). As 

 

 
 

 

Figure 3. (A) Through Kaplan-meier analysis, patients received simultaneous liver resection (SLR) had statistically longer duration of PFS than 
patients received no SLR. Value of SMI were recorded in addition to therapeutic response. CRLM patients in the status of PR showed a larger 
SMI compared to SD and PD (B). Furthermore, fish exact tests were performed in SLR (C) cohort patients and N-SLR (D) cohort patients, 
respectively. PFS, progression free survival; CRLM, colorectal cancer liver metastasis; PR, partial response; SD, stable disease; PD, progressive 
disease. 
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Table 3. SMI values in different therapeutic response of CRLM patients. 
SMI (ALL) Mean Median 95% CI P-value 
Status of test    P<0.001 

Initial 43.20 42.94 42.47-43.92  
PR 45.09 45.22 44.28-45.91  
SD 36.66 36.13 36.02-37.30  
PD 30.43 29.93 29.81-31.05  

SMI (SLR)     
Status of test    P<0.001 

Initial 42.93 41.87 42.15-43.71  
PR 45.92 46.89 44.98-46.87  
SD 34.40 34.36 33.82-34.98  
PD 29.31 28.55 28.57-30.04  

SMI (N-SLR)     
Status of test    P<0.001 

Initial 41.05 39.17 39.95-42.16  
PR 45.97 45.51 44.80-47.15  
SD 35.64 34.75 34.63-36.64  
PD 31.51 30.47 30.83-32.19  

Note: comparison of SMI value between different treatment status were determined by paired t-test. 
 

Table 4. Changes of muscle mass and density after operation (n=539). 

Variables 
First scan Second scan 

Change 3 months post 
operation 

Changes 6 months post 
operation 

Changes 12 months post 
operation 

Mean SD Mean SD Mean 95%CI P-value Mean 95%CI P-value Mean 95%CI P-value 

SMA (cm2) 116.7 24.5 113.8 23.9 -3.7 -10.1 to 4.2 0.01 -8.8 -11.7 to -2.3 <0.001 -10.1 -15.2 to -6.5 <0.001 

SMI (cm2/m2) 41.9 9.1 38.9 8.9 -3.7 -10.1 to 4.2 0.01 -8.8 -11.7 to -2.3 <0.001 -10.1 -15.2 to -6.5 <0.001 

Male 43.2 8.2 39.2 8.6 -4.7 -15.1 to 7.0 <0.001 -9.9 -15.2 to -3.2 <0.001 -12.4 -18.8 to -6.2 <0.001 

Female 39.5 10.1 37.1 9.3 -1.9 -3.8 to -0.1 0.01 -6.5 -8.9 to -1.7 <0.001 -8.8 -11.2 to -5.3 <0.001 

SMD (HU) 34.4 8.1 33.2 5.4 -0.8 -1.2 to 0.3 0.45 -1.1 -1.8 to -0.2 0.18 -1.3 -2.0 to -0.6 0.13 

Male 36.7 7.2 35.0 8.7 -1.2 -2.3 to -1.0 0.30 -1.3 -2.1 to -0.4 0.15 -1.5 -2.2 to -0.9 0.12 

Female 30.3 8.8 29.1 3.2 -0.2 -1.1 to 1.2 0.83 -0.9 -1.4 to 0.1 0.42 -1.1 -1.8 to -0.4 0.51 

Abbreviations: SMA, skeletal muscle area; SMD, skeletal muscle density; SMI, skeletal muscle index; HU, Hounsfield unit; SD, 
standard deviation. 
 

status of SMI and PNI in 6 and 12 months conferred 
prognostic significance, Kappa analysis of was made to 
compare the consistency among 3, 6 and 12 months. As 
is shown in Table 5, Kappa value of SMI and PNI 
between 6-month’s and 12-month’s cohort were 0.62 
and 0.53 (P-value<0.001). In contrast, 3 months’ SMI 
and PNI were not statistically significantly consistent 
with 6 months’ and 12 months’ result. 

Combined test of post-operative SMI and PNI 
improve the prognosis prediction power in CRLM 
patients 
 
We further constructed the binary logistic regression 
model combining the tests of SMI and PNI. Figure 6 
depicted prognostic potency of different postoperative 
period (3-, 6- and 12-month) with ROC curves. 
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 Figure 5. Prognosis dependent ROC curves of PNI were constructed in CRLM patients. AUC of 3 months, 6 months, 12 months were 
separately 0.54, 0.73 and 0.67. ROC, receive operating characteristics; PNI, prognostic nutrition index; CRLM, colorectal cancer liver 
metastasis; AUC, area under curve. 
 

Figure 4. CRLM Patients with gain or loss of SMI was distributed in 3 months (A), 6 months (C) and 12 months’ (E) post-operation. 
Accordingly, prognostic value of loss of SMI with different post operative CT scan was determined. Patients with different SMI status from 3 
months’ (B) scan haven’t demonstrated any survival difference (P=0.061), while patients with different SMI status 6 months’ (D) and 12 
months’ (F) SMI results had different survival outcome (P-value<0.001). CRLM, colorectal cancer liver metastasis; SMI, skeletal muscle 
index; CT, computed tomography. 
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Table 5. Kappa consistency analysis between different period CT scan and PNI examination. 

Months after operation   Kappa value P-value 
3 6 No Loss of Muscle (n) Loss of Muscle (n)   
No Loss of Muscle (n) 135 245 -0.22 P<0.001 
Loss of Muscle (n) 100 59   
3 12 No Loss of Muscle (n) Loss of Muscle (n)   
No Loss of Muscle (n) 48 298 -0.18 P<0.001 
Loss of Muscle (n) 47 48   
6 12 No Loss of Muscle (n) Loss of Muscle (n)   
No Loss of Muscle (n) 85 58 0.62 P<0.001 
Loss of Muscle (n) 10 294   
Months after operation   Kappa value P-value 
3 6 Low PNI (n) High PNI (n)  P<0.001 
Low PNI (n) 112 234 -0.30  
High PNI (n) 102 43   
3 12 Low PNI (n) High PNI (n)  P<0.001 
Low PNI (n) 43 303 -0.21  
High PNI (n) 52 43   
6 12 Low PNI (n) High PNI (n)  P<0.001 
Low PNI (n) 78 66 0.53  
High PNI (n) 11 286   

 

Furthermore, when the two biomarkers were combined 
using the binary logistic modeling, all three AUCs were 
significantly better than single SMI or PNI test. AUC of 
3-month, 6-month and 12-month were separately 0.65, 
0.85 and 0.80 (Figure 6). 
 

 
 

Figure 6. Exploration of synergistic prognostic effect of 
PNI and SMI in CRLM patients. 3-month’s, 6-month’s and 12-
month’s results were analyzed. The AUC of 3-month, 6-month 
and 12-month were 0.65, 0.85 and 0.80. PNI, prognostic nutrition 
index; SMI, skeletal muscle index; CRLM, colorectal cancer liver 
metastasis; AUC, area under curve. 

DISCUSSION 
 
Currently surgery remains the cornerstone in the 
multimodal treatment of CRLM [4, 11, 28]. After 
operation was performed, effective assessment reflecting 
tumor progression and prognosis are warranted. Factors 
affecting cancer progression, treatment response and 
prognosis are multifaceted. Recently an increasing 
attention has been drawn to the correlation between 
cancer and nutritional status [12]; prognostication role of 
some nutritional markers such as PNI and BMI has been 
proven to be related with cancer [33, 13]. 
 
CT and MRI were the main methods evaluating 
therapeutic response. Beyond tumor assessment, CT still 
included other imaging information such as muscle 
volume and is not fully explored. In 2012, Lisa Martin 
[33] has reported that third lumbar vertebrae CT scan was 
the specific level reflecting skeletal muscle volume. 
These years, many reports concerning clinical value of 
SMI were identified in many cancers including CRC [11, 
14–16]. However, clinical value of changes in SMI on 
resected CRLM patients was limited. Thus in this study 
we aim to explore the value of SMI recorded from L3 CT 
scan in CRLM patients after operation. Beyond SMI, 
combined effects of SMI and PNI were also explored in 
these patients. 
 
We collected 539 CRLM patients from 2013 to 2016 
who received resection of primaries companied with or 



www.aging-us.com 10309 AGING 

without simultaneous liver metastasectomy. First, our 
data showed that patients with older age or larger BMI 
would had a larger SMI (P=0.01), which was consistent 
with notion that senescence was a key factor influencing 
muscle volume and nutritious status [9]. As skeletal 
muscle volume may be heterogeneous due to gender 
difference, exploration of relationship between SMI and 
sex was analyzed and there is no statistical difference on 
baseline SMI between males and females (P=0.05). This 
may be owing to the fact that overweight is one of high 
risk factors on CRC tumorgenesis [17–19]. Besides, 
indicative value of baseline body composition was 
explored. Univariate analysis and multivariable analysis 
conferred that patients with high SMI had significantly 
better survival outcomes compared with low-SMI 
cohort, which was in consistent with previous reports 
[20, 21]. In CRLM patients, previous studies evaluating 
potential prognostic factors in surgically treated patients 
with CRLM have focused on PNI, PLR, or CA19-9 
individually [22, 23]. Present study also compared  
the difference of these factors in different baseline  
SMI cohorts. From our analysis, patients with lower 
baseline SMI had statistically smaller serum pre- 
albumin value (P=0.01), smaller PNI (P=0.04) and 
longer hospitalization days (P=0.03). These results 
demonstrated that some physiobiological markers were 
correlated with SMI [24, 25]. Two prognosis-dependent 
ROC curves were further separately constructed to 
compare predictive role of SMI and PNI. The results 
showed SMI (AUC: 0.69) had a good prognostic 
predictive power more than PNI (AUC: 0.57). 
 
Tumor recurrence and metastasis were recognized as the 
most essential factors for survival. Here, we provide 
additional evidence that SMI was predictive for tumor 
progression. Comparing PFS from baseline high SMI 
cohort to Low SMI cohort, the median duration of PFS 
significantly decreased from 38 months to 29 months 
(P=0.002). Furthermore, patients in status of PD also 
had lower SMI compared with other status of the CT 
test, which demonstrating that SMI can consistently 
reflect the treatment response to some extent. Moreover, 
it must be noted that N-SLR subgroup analysis showed 
a higher SMI in PR status (P-value<0.001). 
 
Changes of SMI were also recorded. In the present study, 
3 different change trend charts were drawn to express the 
postoperative 3 months, 6 months and 12 months CT 
scan. Totally, skeletal muscle volume in CRLM patients 
is losing (Figure 4). Patients suffered from major SMI 
loss after 6 months from operation was regarded as the 
risk factor for overall survival, which demonstrated that 
3-month’s status is not enough or accurate to judge the 
real postoperative nutritional conditions. To further 
confirm the result, kappa consistency analysis was 
performed among the 3, 6 and 12 months. Results have 

showed 6 months’ status had a relatively higher 
consistency with 12 months (kappa value of 0.62), 
whereas 3 months’ status was not consistent with either 6 
or 12 months’ results. This may indicate that SMI tested 
in shorter postoperative duration may not reflect exact 
disease status. 
 
PNI, a classic immune-nutritional marker [26], was 
reported to be prognosis relating [27]. In this paper, we 
found that 6 months recorded PNI showed a better 
prognosis reflection power than 3 months and 12 months’ 
results with an AUC of 0.73. Furthermore, we compared 
combined prognostication value of SMI and PNI in 
CRLM patients. Combined test of both markers can 
significantly improve prognosis predictive power than 
counting on merely one marker, besides, 6 months’ SMI 
and PNI demonstrated a higher AUC than 3 and 12 
months. 
 
However, there are some limitations of this study, 
including the retrospective design of the study, which 
may include selection bias, and the small sample size. 
We believe that well-designed statistical criteria can 
alleviate this problem. A large scale prospective, 
randomized controlled study may be warranted to 
strongly determine the prognostic value of SMI. Another 
limitation is that our study only focused on the CRLM. 
Some CRC patients with extra-hepatic metastasis were 
excluded in this study because bias caused by the 
anatomical variety can influence the statistical results. 
Furthermore, more detailed research works of the tumor 
indicators for prediction of CRC are still required in the 
future. 
 
In summary, we found that SMI and PNI are good 
markers in patients with resected CRLM. Here we also 
proved the value of real-time monitoring of SMI in 
indicating therapeutic response during treatment, and 6-
month’s changes of SMI and record of PNI revealed a 
more certain and accurate significance correlated with 
clinical prognosis. Furthermore, combined test of PNI 
and SMI could improve the prognosis prediction power 
in CRLM patients. 
 
MATERIALS AND METHODS 
 
Patients and characteristics 
 
The study was approved by the Ethical Committee of 
Zhongshan Hospital, Fudan University. All included 
patients met the following criteria: 1) primary tumor 
resection with or without simultaneous liver metas-
tasectomy of CRLM at Fudan University Zhongshan 
Hospital between January 2013 and December 2016; 2) 
available blood test records; 3) available follow-up 
information. The exclusion criteria were as follows: 
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patients with infections, hematological disease, 
hyperpyrexia, and intestinal obstruction at test were 
excluded; patients with no available CT images and 
incomplete clinical and pathologic data were excluded. 
The type of surgical resection and the extent of lymph 
node dissection were selected according to Chinese 
colorectal cancer treatment guidelines [28, 29]. Tumor 
response including partial response (PR), stable disease 
(SD) and progressive disease (PD) were based on 
response evaluation criteria in solid tumors (RECIST 1.1) 
[30]. All patients provided written informed consent. 
Details of flow gram was demonstrated in Supplementary 
Figure 1. 
 
Preoperative anthropometric and blood-chemistry 
measurements 
 
Physical status and preoperative laboratory values were 
obtained within 1 week prior to initiation of surgery. 
Body mass index (BMI) was calculated by dividing the 
body weight in kilograms by the square of the height in 
meters. CT was performed on an average of 4.2 days 
(range, 1–12 days) before surgical operation using a 320-
slice multi-detector CT scanner (Aquilion ONE; Toshiba 
Medical Systems Corporation, Otawara, Japan) [31]. 
Skeletal muscle areas, including the psoas, erector spinae, 
quadratus lumborum, transversus abdominis, external and 
internal obliques, and rectus abdominis, were identified 
and quantified using -29 to 150 Hounsfield units. 
Specifically, CT images of less than 12-month’s post-
operation were recorded as three cohorts (3-month 
cohort, 6-month cohort and 12-month cohort). SMI was 
calculated by normalizing skeletal muscle areas for 
height (cm2/m2) [32]. As is reported in 2013 [33], patients 
with SMI<41 cm2/m2 (women) and <43cm2/m2 (men) 
were significantly associated with low survival, thus we 
choose this value as a baseline cut-off value. PNI was 
calculated based on the serum albumin and total 
lymphocyte count, using the following equation: 
PNI=serum albumin (g/dL) + 5*total lymphocyte count 
(/mL) [34]. 
 
Follow-up and statistics 
 
The follow-up period was as follows: first follow-up 
was performed within 2–3 months after the baseline and 
subsequent follow-up cycles usually ranged from 3 to 6 
months or even shorter which depended on the clinical 
situations and (or) tumor relapse or metastasis  
being suspected. Data of overall survival (OS) and 
relapse/metastasis time were also documented. Duration 
of OS was calculated from the date of baseline to the 
last follow-up or tumor-specific death. Progression free 
survival (PFS) was determined from the date of 
diagnosis to the date of progression under the regular 
follow-up. 

Statistical analyses were performed using the SPSS 
statistical package (22.0; SPSS) and prism 6 (GraphPad 
Software, Inc., 2015). Mean changes in SMI were 
analyzed with paired t-tests. The correlations between 
continuous valuables were analyzed using Spearman 
rank correlation test. Predictive accuracy of tests was 
assessed by calculating AUC. Besides, Time-dependent 
cut-off values were determined when positive likelihood 
ratio (PLR) were the largest one [35, 36]. PLR was 
calculated as follows: PLR=sensitivity/(1–specificity). 
Binary logistic regression model of SMI and PNI were 
estimated based on SPSS 22.0. PFS and OS analyses 
were carried out using the Kaplan–Meier method and 
results were compared using a log-rank test. A 
multivariable Cox proportional hazards model predicting 
OS was performed using backward stepwise selection. 
Risk factors were expressed as the hazard ratio [HR, 
95% confidence interval (CI)]. Statistical significance 
was defined as P-value less than 0.05. 
 
AUTHOR CONTRIBUTIONS 
 
Dr Yang Lv, Mei-Ling Ji, QingYang Feng and Songbin 
Lin analyzed and interpreted the patient data. De-Xiang 
Zhu collected the clinical data, and Yang Lv was a major 
contributor in writing the manuscript. Pro JianMin Xu 
and Pro GuoDong He contributed to the design of the 
work and were the corresponding authors in this 
manuscript. Dr YuQiu Xu, Peng Zheng and LiangLiang 
Yang provided the research background and perspective 
views. Pro JianMin Xu and Pro GuoDong He were the 
corresponding authors and approved the final version of 
this manuscript to be published. 
 
CONFLICTS OF INTEREST 
 
The authors declare no conflicts of interest. 
 
REFERENCES 
 
1. Siegel RL, Miller KD, Fedewa SA, Ahnen DJ, Meester 

RG, Barzi A, Jemal A. Colorectal cancer statistics, 2017. 
CA Cancer J Clin. 2017; 67:177–93.  

 https://doi.org/10.3322/caac.21395  
PMID:28248415  

2. Nishihara R, Ogino S, Chan AT. Colorectal-cancer 
incidence and mortality after screening. N Engl J Med. 
2013; 369:2355.  

 https://doi.org/10.1056/NEJMc1313116 
PMID:24350357  

3. Chen W, Zheng R, Baade PD, Zhang S, Zeng H, Bray F, 
Jemal A, Yu XQ, He J. Cancer statistics in China, 2015. 
CA Cancer J Clin. 2016; 66:115–32.  

 https://doi.org/10.3322/caac.21338 PMID:26808342  

https://doi.org/10.3322/caac.21395
https://www.ncbi.nlm.nih.gov/pubmed/28248415
https://doi.org/10.1056/NEJMc1313116
https://www.ncbi.nlm.nih.gov/pubmed/24350357
https://doi.org/10.3322/caac.21338
https://www.ncbi.nlm.nih.gov/pubmed/26808342


www.aging-us.com 10311 AGING 

4. Tarantino I, Warschkow R, Worni M, Cerny T, Ulrich A, 
Schmied BM, Güller U. Prognostic Relevance of 
Palliative Primary Tumor Removal in 37,793 Metastatic 
Colorectal Cancer Patients: A Population-Based, 
Propensity Score-Adjusted Trend Analysis. Ann Surg. 
2015; 262:112–20.  

 https://doi.org/10.1097/SLA.0000000000000860 
PMID:25373464  

5. Viertel M, Bock C, Reich M, Löser S, Plauth M. 
Performance of CT-based low skeletal muscle index, 
low mean muscle attenuation, and bioelectric 
impedance derived low phase angle in the detection of 
an increased risk of nutrition related mortality. Clin 
Nutr. 2019; 38:2375–2380.  

 https://doi.org/10.1016/j.clnu.2018.10.018 
PMID:30415908 

6. van der Werf A, Langius JA, de van der Schueren MA, 
Nurmohamed SA, van der Pant KA, Blauwhoff-
Buskermolen S, Wierdsma NJ. Percentiles for skeletal 
muscle index, area and radiation attenuation based on 
computed tomography imaging in a healthy Caucasian 
population. Eur J Clin Nutr. 2018; 72:288–96.  

 https://doi.org/10.1038/s41430-017-0034-5 
PMID:29242526  

7. Sui K, Okabayshi T, Iwata J, Morita S, Sumiyoshi T, 
Iiyama T, Shimada Y. Correlation between the  
skeletal muscle index and surgical outcomes of 
pancreaticoduodenectomy. Surg Today. 2018;  
48:545–51. https://doi.org/10.1007/s00595-017-1622-7 
PMID:29285616  

8. Sawaya Y, Ishizaka M, Kubo A, Sadakiyo K, Yakabi A, 
Sato T, Shiba T, Onoda K, Maruyama H. Correlation 
between skeletal muscle mass index and parameters 
of respiratory function and muscle strength in young 
healthy adults according to gender. J Phys Ther Sci. 
2018; 30:1424–27.  

 https://doi.org/10.1589/jpts.30.1424 PMID:30568328  

9. Wang G, Biswas AK, Ma W, Kandpal M, Coker C, 
Grandgenett PM, Hollingsworth MA, Jain R, Tanji K, 
Lόpez-Pintado S, Borczuk A, Hebert D, 
Jenkitkasemwong S, et al. Metastatic cancers promote 
cachexia through ZIP14 upregulation in skeletal 
muscle. Nat Med. 2018; 24:770–81.  

 https://doi.org/10.1038/s41591-018-0054-2 
PMID:29875463  

10. Bozzetti F. Nutritional status, cachexia and survival in 
patients with advanced colorectal carcinoma. Different 
assessment criteria for nutritional status provide 
unequal results. Clin Nutr. 2013; 32:876–876.  

 https://doi.org/10.1016/j.clnu.2013.07.003 
PMID:23899876  

11. Barret M, Antoun S, Dalban C, Malka D, Mansourbakht 
T, Zaanan A, Latko E, Taieb J. Sarcopenia is linked to 

treatment toxicity in patients with metastatic 
colorectal cancer. Nutr Cancer. 2014; 66:583–89.  

 https://doi.org/10.1080/01635581.2014.894103 
PMID:24707897  

12. Rock CL, Flatt SW, Byers TE, Colditz GA, Demark-
Wahnefried W, Ganz PA, Wolin KY, Elias A, Krontiras H, 
Liu J, Naughton M, Pakiz B, Parker BA, et al. Results of 
the Exercise and Nutrition to Enhance Recovery and 
Good Health for You (ENERGY) Trial: A Behavioral 
Weight Loss Intervention in Overweight or Obese Breast 
Cancer Survivors. J Clin Oncol. 2015; 33:3169–76. 
https://doi.org/10.1200/JCO.2015.61.1095 
PMID:26282657  

13. Blauwhoff-Buskermolen S, Versteeg KS, de van der 
Schueren MA, den Braver NR, Berkhof J, Langius JA, 
Verheul HM. Loss of Muscle Mass During 
Chemotherapy Is Predictive for Poor Survival of 
Patients With Metastatic Colorectal Cancer. J Clin 
Oncol. 2016; 34:1339–44.  

 https://doi.org/10.1200/JCO.2015.63.6043 
PMID:26903572  

14. Wagner D, Marsoner K, Tomberger A, Haybaeck J, Haas 
J, Werkgartner G, Cerwenka H, Bacher H, Mischinger 
HJ, Kornprat P. Low skeletal muscle mass outperforms 
the Charlson Comorbidity Index in risk prediction in 
patients undergoing pancreatic resections. Eur J Surg 
Oncol. 2018; 44:658–63.  

 https://doi.org/10.1016/j.ejso.2018.01.095 
PMID:29428474  

15. Nishigori T, Tsunoda S, Obama K, Hisamori S, 
Hashimoto K, Itatani Y, Okada K, Sakai Y. Optimal 
Cutoff Values of Skeletal Muscle Index to Define 
Sarcopenia for Prediction of Survival in Patients with 
Advanced Gastric Cancer. Ann Surg Oncol. 2018; 
25:3596–603.  

 https://doi.org/10.1245/s10434-018-6728-7 
PMID:30167910  

16. Wan F, Zhu Y, Gu C, Yao X, Shen Y, Dai B, Zhang S, 
Zhang H, Cheng J, Ye D. Lower skeletal muscle index 
and early complications in patients undergoing radical 
cystectomy for bladder cancer. World J Surg Oncol. 
2014; 12:14. https://doi.org/10.1186/1477-7819-12-14 
PMID:24423007  

17. Liu PH, Wu K, Ng K, Zauber AG, Nguyen LH, Song M, He 
X, Fuchs CS, Ogino S, Willett WC, Chan AT, Giovannucci 
EL, Cao Y. Association of Obesity With Risk of Early-
Onset Colorectal Cancer Among Women. JAMA Oncol. 
2019; 5:37–44.  

 https://doi.org/10.1001/jamaoncol.2018.4280 
PMID:30326010  

18. Kabat GC, Kim MY, Stefanick M, Ho GY, Lane DS, 
Odegaard AO, Simon MS, Bea JW, Luo J, Wassertheil-
Smoller S, Rohan TE. Metabolic obesity phenotypes 

https://doi.org/10.1097/SLA.0000000000000860
https://www.ncbi.nlm.nih.gov/pubmed/25373464
https://doi.org/10.1016/j.clnu.2018.10.018
https://www.ncbi.nlm.nih.gov/pubmed/30415908
https://doi.org/10.1038/s41430-017-0034-5
https://www.ncbi.nlm.nih.gov/pubmed/29242526
https://doi.org/10.1007/s00595-017-1622-7
https://www.ncbi.nlm.nih.gov/pubmed/29285616
https://doi.org/10.1589/jpts.30.1424
https://www.ncbi.nlm.nih.gov/pubmed/30568328
https://doi.org/10.1038/s41591-018-0054-2
https://www.ncbi.nlm.nih.gov/pubmed/29875463
https://doi.org/10.1016/j.clnu.2013.07.003
https://www.ncbi.nlm.nih.gov/pubmed/23899876
https://doi.org/10.1080/01635581.2014.894103
https://www.ncbi.nlm.nih.gov/pubmed/24707897
https://doi.org/10.1200/JCO.2015.61.1095
https://www.ncbi.nlm.nih.gov/pubmed/26282657
https://doi.org/10.1200/JCO.2015.63.6043
https://www.ncbi.nlm.nih.gov/pubmed/26903572
https://doi.org/10.1016/j.ejso.2018.01.095
https://www.ncbi.nlm.nih.gov/pubmed/29428474
https://doi.org/10.1245/s10434-018-6728-7
https://www.ncbi.nlm.nih.gov/pubmed/30167910
https://doi.org/10.1186/1477-7819-12-14
https://www.ncbi.nlm.nih.gov/pubmed/24423007
https://doi.org/10.1001/jamaoncol.2018.4280
https://www.ncbi.nlm.nih.gov/pubmed/30326010


www.aging-us.com 10312 AGING 

and risk of colorectal cancer in postmenopausal 
women. Int J Cancer. 2018; 143:543–51.  

 https://doi.org/10.1002/ijc.31345 PMID:29488210  

19. Croft B, Reed M, Patrick C, Kovacevich N, Voutsadakis 
IA. Diabetes, Obesity, and the Metabolic Syndrome as 
Prognostic Factors in Stages I to III Colorectal Cancer 
Patients. J Gastrointest Cancer. 2019; 50:221–229.  

 https://doi.org/10.1007/s12029-018-0056-9 
PMID:29335847 

20. Simone CB 2nd. Cancer cachexia: definitions, 
outcomes, and treatments. Ann Palliat Med. 2019; 
8:E1–3. https://doi.org/10.21037/apm.2019.02.03 
PMID:30818952  

21. Gelhorn HL, Gries KS, Speck RM, Duus EM, Bourne RK, 
Aggarwal D, Cella D. Comprehensive validation of the 
functional assessment of anorexia/cachexia therapy 
(FAACT) anorexia/cachexia subscale (A/CS) in lung 
cancer patients with involuntary weight loss. Qual Life 
Res. 2019; 28:1641–53.  

 https://doi.org/10.1007/s11136-019-02135-7 
PMID:30796591  

22. Pakdel A, Malekzadeh M, Naghibalhossaini F. The 
association between preoperative serum CEA 
concentrations and synchronous liver metastasis in 
colorectal cancer patients. Cancer Biomark. 2016; 
16:245–52. https://doi.org/10.3233/CBM-150561 
PMID:26756614  

23. Kim CW, Roh SA, Tak KH, Koh BM, Ha YJ, Cho DH, Kim 
SY, Kim YS, Kim JC. ZKSCAN3 Facilitates Liver 
Metastasis of Colorectal Cancer Associated with CEA-
expressing Tumor. Anticancer Res. 2016; 36:2397–406. 
https://doi.org/10.1158/1538-7445.am2014-4992 
PMID:27127149  

24. Youssof AM, Alanazi FK, Salem-Bekhit MM, Shakeel F, 
Haq N. Bacterial Ghosts Carrying 5-Fluorouracil: A 
Novel Biological Carrier for Targeting Colorectal 
Cancer. AAPS PharmSciTech. 2019; 20:48.  

 https://doi.org/10.1208/s12249-018-1249-z 
PMID:30617674  

25. Li R, Ma X, Song Y, Zhang Y, Xiong W, Li L, Zhou L. Anti-
colorectal cancer targets of resveratrol and biological 
molecular mechanism: analyses of network 
pharmacology, human and experimental data. J Cell 
Biochem. 2019; 120:11265–73.  

 https://doi.org/10.1002/jcb.28404 PMID:30719773  

26. Peng W, Li C, Wen TF, Yan LN, Li B, Wang WT, Yang JY, 
Xu MQ. Postoperative prognostic nutritional index 
change is an independent predictor of survival in 
patients with small hepatocellular carcinoma. Am J 
Surg. 2016; 212:122–27.  

 https://doi.org/10.1016/j.amjsurg.2015.06.023 
PMID:26421412  

27. Xue W, Tan P, Xu H, Yang L, Wei Q. Impact of the 
preoperative prognostic nutritional index on survival 
outcomes in upper tract urothelial carcinomas. Cancer 
Med. 2019; 8:2971–78.  

 https://doi.org/10.1002/cam4.2161  
PMID:31070304  

28. Xu J, Fan J, Qin X, Cai J, Gu J, Wang S, Wang X, Zhang S, 
Zhang Z, China CG, and China CRLM Guideline Group. 
Chinese guidelines for the diagnosis and comprehensive 
treatment of colorectal liver metastases (version 2018). J 
Cancer Res Clin Oncol. 2019; 145:725–36.  

 https://doi.org/10.1007/s00432-018-2795-1 
PMID:30542791 

29. Li J, Yuan Y, Yang F, Wang Y, Zhu X, Wang Z, Zheng S, 
Wan D, He J, Wang J, Ba Y, Bai C, Bai L, et al. Expert 
consensus on multidisciplinary therapy of colorectal 
cancer with lung metastases (2019 edition). J Hematol 
Oncol. 2019; 12:16.  

 https://doi.org/10.1186/s13045-019-0702-0 
PMID:30764882  

30. Eisenhauer EA, Therasse P, Bogaerts J, Schwartz LH, 
Sargent D, Ford R, Dancey J, Arbuck S, Gwyther S, 
Mooney M, Rubinstein L, Shankar L, Dodd L, et al. New 
response evaluation criteria in solid tumours: revised 
RECIST guideline (version 1.1). Eur J Cancer. 2009; 
45:228–47. https://doi.org/10.1016/j.ejca.2008.10.026 
PMID:19097774  

31. Zhang W, Jin H, Cheng W, Rao S, Lu X, Zeng M. 
Correlation of coronary atherosclerosis and subclinical 
plaque phenotype of carotid artery: a 320-row 
multidetector computed tomographic angiography 
study. J Comput Assist Tomogr. 2013; 37:701–06.  

 https://doi.org/10.1097/RCT.0b013e318299f006 
PMID:24045244  

32. Mourtzakis M, Prado CM, Lieffers JR, Reiman T, 
McCargar LJ, Baracos VE. A practical and precise 
approach to quantification of body composition in 
cancer patients using computed tomography images 
acquired during routine care. Appl Physiol Nutr Metab. 
2008; 33:997–1006. https://doi.org/10.1139/H08-075 
PMID:18923576  

33. Martin L, Birdsell L, Macdonald N, Reiman T, Clandinin 
MT, McCargar LJ, Murphy R, Ghosh S, Sawyer MB, 
Baracos VE. Cancer cachexia in the age of obesity: 
skeletal muscle depletion is a powerful prognostic 
factor, independent of body mass index. J Clin Oncol. 
2013; 31:1539–47.  

 https://doi.org/10.1200/JCO.2012.45.2722 
PMID:23530101  

34. Okabayashi T, Shima Y, Sumiyoshi T, Sui K, Iwata J, 
Morita S, Shimada Y, Iiyama T. A Novel Physiobiological 
Parameter-Based Grading System for Resectable 
Pancreatic Cancer. Ann Surg Oncol. 2018; 25:1889–95. 

https://doi.org/10.1002/ijc.31345
https://www.ncbi.nlm.nih.gov/pubmed/29488210
https://doi.org/10.1007/s12029-018-0056-9
https://www.ncbi.nlm.nih.gov/pubmed/29335847
https://doi.org/10.21037/apm.2019.02.03
https://www.ncbi.nlm.nih.gov/pubmed/30818952
https://doi.org/10.1007/s11136-019-02135-7
https://www.ncbi.nlm.nih.gov/pubmed/30796591
https://doi.org/10.3233/CBM-150561
https://www.ncbi.nlm.nih.gov/pubmed/26756614
https://doi.org/10.1158/1538-7445.am2014-4992
https://www.ncbi.nlm.nih.gov/pubmed/27127149
https://doi.org/10.1208/s12249-018-1249-z
https://www.ncbi.nlm.nih.gov/pubmed/30617674
https://doi.org/10.1002/jcb.28404
https://www.ncbi.nlm.nih.gov/pubmed/30719773
https://doi.org/10.1016/j.amjsurg.2015.06.023
https://www.ncbi.nlm.nih.gov/pubmed/26421412
https://doi.org/10.1002/cam4.2161
https://www.ncbi.nlm.nih.gov/pubmed/31070304
https://doi.org/10.1007/s00432-018-2795-1
https://www.ncbi.nlm.nih.gov/pubmed/30542791
https://doi.org/10.1186/s13045-019-0702-0
https://www.ncbi.nlm.nih.gov/pubmed/30764882
https://doi.org/10.1016/j.ejca.2008.10.026
https://www.ncbi.nlm.nih.gov/pubmed/19097774
https://doi.org/10.1097/RCT.0b013e318299f006
https://www.ncbi.nlm.nih.gov/pubmed/24045244
https://doi.org/10.1139/H08-075
https://www.ncbi.nlm.nih.gov/pubmed/18923576
https://doi.org/10.1200/JCO.2012.45.2722
https://www.ncbi.nlm.nih.gov/pubmed/23530101


www.aging-us.com 10313 AGING 

https://doi.org/10.1245/s10434-018-6485-7 
PMID:29691738  

35. Yuan G, Niu L, Zhang Y, Wang X, Ma K, Yin H, Dai J, 
Zhou W, Pan Y. Defining optimal cutoff value of MGMT 
promoter methylation by ROC analysis for clinical 
setting in glioblastoma patients. J Neurooncol. 2017; 
133:193–201.  

 https://doi.org/10.1007/s11060-017-2433-9 
PMID:28516344  

36. Kamarudin AN, Cox T, Kolamunnage-Dona R. Time-
dependent ROC curve analysis in medical research: 
current methods and applications. BMC Med Res 
Methodol. 2017; 17:53.  

 https://doi.org/10.1186/s12874-017-0332-6 
PMID:28388943 

  

https://doi.org/10.1245/s10434-018-6485-7
https://www.ncbi.nlm.nih.gov/pubmed/29691738
https://doi.org/10.1007/s11060-017-2433-9
https://www.ncbi.nlm.nih.gov/pubmed/28516344
https://doi.org/10.1186/s12874-017-0332-6
https://www.ncbi.nlm.nih.gov/pubmed/28388943


www.aging-us.com 10314 AGING 

SUPPLEMENTARY MATERIALS 
 
 

 

 

 
 

Supplementary Figure 1. Flow diagram of resected colorectal cancer liver metastasis patients enrolled from our institution. 
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Supplementary Figure 2. Subgroup prognostic analysis of SMI and PNI in CRLM patients. 


