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The cachexia index is a prognostic factor for patients with recurrent
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Abstract

Purpose Cancer cachexia leads to poor outcomes, especially for patients with advanced stage disease. The cachexia index
(CXI), a novel biomarker for cancer cachexia, has been identified as a prognostic indicator for several malignancies. The
present study aimed to clarify the prognostic significance of the CXI for patients with recurrent pancreatic cancer.
Methods This retrospective study enrolled 113 patients diagnosed with recurrence following pancreatectomy for pancreatic
cancer, to analyze the association between the CXI and prognostic survival.

Results The 2-year overall survival rate and median survival of all patients were 28.5% and 12.6 months, respectively. The
2-year overall survival curve in the high CXI group was significantly better than that in the low CXI group (» <0.001). The
rate of chemotherapy after recurrence was significantly lower in the low CXI group than in the high CXI group (p =0.002).
Multivariate analysis identified the CXI as an independent prognostic factor for patients with recurrent pancreatic cancer
(p=0.011).

Conclusions The CXI proved useful for predicting the post-recurrence prognosis of patients with recurrent pancreatic cancer.

Patients with a low CXI at the time of recurrence have poorer prognostic outcomes than those with a high CXI.
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Introduction

According to the latest report on cancer statistics, pancreatic
cancer is the third-leading cause of cancer death, it has a
5-year relative survival rate of 12%, and it remains one of
the most challenging malignancies to treat [1]. In Japan, the
number of registered patients with newly developed pancre-
atic cancer is increasing every year [2]. The dismal prognosis
of pancreatic cancer arises from its frequent postoperative
recurrence, even when surgical resection with curative intent
has been achieved. Despite the various therapeutic strategies
developed for patients with recurrent pancreatic cancer, the
median survival time (MST) after recurrence remains unsat-
isfactory at 3.0-19.0 months [3-5]. Therefore, it is crucial
to identify accurate predictive factors for the prognosis of
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patients with recurrent pancreatic cancer to optimize quality
of life in their remaining lifetime.

The prognosis of cancer patients is multifactorial and
influenced by both tumor-related factors and individual
patient characteristics. Cancer cachexia is a multifactorial
syndrome characterized by ongoing loss of skeletal mus-
cle mass, with or without loss of fat mass that cannot be
fully reversed by conventional nutritional support and leads
to progressive functional impairment [6]. Cachexia causes
poor performance status (PS), resulting in high mortality for
approximately 50% of cancer patients, and accounting for
approximately 20% of cancer deaths [7]. The cachexia index
(CXI), comprising the skeletal muscle index (SMI), serum
albumin level, and neutrophil-to-lymphocyte ratio (NLR), is
a novel biomarker that was established to comprehensively
reflect the cachectic status [8]. The relationship between
the CXI and the prognostic outcomes of cancer patients
has been investigated, and a low CXI was found to inde-
pendently reflect a poor prognosis in several malignancies
[9-12]. However, no studies have examined the prognostic
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significance of the CXI in patients with recurrence after pan-
creatic cancer surgery.

Against this background, the present study was conducted
to evaluate the utility of the CXI to predict prognosis after
recurrence for patients with pancreatic cancer.

Methods
Patients

We reviewed the medical records of 181 patients with histo-
logically confirmed pancreatic ductal adenocarcinoma, who
underwent pancreatectomy at our institution between July,
2005 and December, 2022. As of April, 2023, 116 (64.1%)
had postoperative recurrence. After the exclusion of three
patients because of insufficient available data, 113 patients
with recurrent pancreatic cancer were enrolled in this retro-
spective analysis. All patients in the study were of Japanese
ethnicity. The study was approved by the Tottori University
Hospital Ethics Committee (no. 21A125) and the require-
ment for informed consent was waived.

Postoperative recurrence after pancreatectomy was
detected by periodic radiological examinations, such as
computed tomography or magnetic resonance imaging, and
if necessary, by positron emission tomography, and measure-
ment of serum carbohydrate antigen 19-9 (CA19-9) levels.
The following clinical characteristics at the time of recur-
rence were obtained from the patients’ medical records: age,
sex, body mass index (BMI), Eastern Cooperative Oncol-
ogy Group (ECOG) PS, initial site of recurrence, serum
albumin level, NLR, CA19-9 level, and SMI. The following
data were also collected: time to recurrence after pancrea-
tectomy, chemotherapy after recurrence, and pathological
data for the primary tumor, including localization, tumor
size, lymph node involvement, blood vessel invasion, peri-
neural invasion, and histological grade based on the Tumor-
Node-Metastasis classification of the International Union
Against Cancer (8th edition). The time to recurrence was
divided into early recurrence, defined as recurrence identi-
fied within 12 months after the initial surgery; and late recur-
rence, defined as recurrence identified beyond 12 months
after the initial surgery.

Cachexia index

The CXI was calculated using the following formula:
CXI=SMI x serum albumin level (g/dL)/NLR [8]. The SMI
was calculated by normalizing the cross-sectional areas of
skeletal muscle mass at the level of the third lumbar vertebra
to the patient height (cm?m?). The cross-sectional areas of
total skeletal muscle mass at the level of the third lumbar
vertebra on computed tomography images at the time of
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recurrence were automatically measured by a SYNAPSE
VINCENT (Fujifilm, Tokyo, Japan) for the study. The NLR,
defined as the peripheral neutrophil count divided by the
peripheral lymphocyte count, was obtained from laboratory
data at the time of recurrence.

Statistical analysis

Differences between two groups were analyzed using the
Chi-square or Fisher’s exact probability tests for categorical
variables and the Mann—Whitney U test for continuous vari-
ables with a nonparametric distribution. Receiver operating
characteristic (ROC) analysis was performed to calculate
the cutoff value of CA19-9 and CXI. The 2-year post-recur-
rence survival curves were constructed by the Kaplan—-Meier
method and the differences between survival curves were
estimated using the log-rank test. Cox proportional hazards
models with a stepwise procedure were used to conduct uni-
variate and multivariate analyses to identify prognostic fac-
tors for 2-year post-recurrence survival. Values of p <0.05
were considered significant. All statistical analyses were per-
formed using IBM SPSS Statistics for Windows (version 25;
IBM, Armonk, NY, USA).

Results

The 2-year post-recurrence overall survival (OS) rate and
MST of all the patients with recurrent pancreatic cancer
were 28.5% and 12.6 months, respectively (Fig. 1). The
median CXI values before surgery and at the time of recur-
rence were 79.5 for men and 68.9 for women, and 77.0 for
men and 71.6 for women, respectively. The CXI at the time
of recurrence was almost as same as the preoperative CXI.
The cutoff values for the CXI at the time of recurrence in
this study were set by ROC analysis at 51.2 for men and 69.5
for women. Based on these CXI cutoff values, the patients
with recurrent pancreatic cancer were divided into a high
CXI group (n="73) and a low CXI group (n=40).

Table 1 summarizes the clinicopathological characteris-
tics of the two groups. The median (range) CXI was 122.8 in
the high CXI group and 43.2 in the low CXI group, and this
difference was significant. There were no significant differ-
ences in age, sex, primary tumor size, blood vessel invasion,
perineural invasion, histological grade of the primary tumor,
and site of recurrence between the two groups. BMI, the rate
of chemotherapy after recurrence and preoperative CXI were
significantly lower in the low CXI group than in the high
CXI group. The rates of ECOG PS 1 or 2, the CA19-9 level
at the time of recurrence, and lymph node involvement were
significantly higher in the low CXI group than in the high
CXIT group. At the time of recurrence, the albumin level and
SMI were significantly lower and the NLR was significantly
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Table 1 Clinicopathological characteristics of the high and low cachexia index groups of patients with recurrent pancreatic cancer

Characteristics High CXI group (n=73) Low CXI group (n=40) p value

Age at time of recurrence (years), median (range) 73 (40-86) 69.5 (44-89) 0.462
Sex (male), n (%) 48 (65.8) 19 (47.5) 0.059
BMI at time of recurrence (kg/m?), median (range) 20.6 (15.3-27.9) 17.8 (13.3-26.8) <0.001
ECOG PS score at time of recurrence (1 or 2), n (%) 19 (26.0) 22 (55.0) 0.002
Primary tumor location (pancreatic head), n (%) 43 (58.9) 31 (717.5) 0.047
Primary tumor size (mm), median (range) 28.0 (5.0-75.0) 29.0 (15.0-85.0) 0.246
Lymph node involvement (present), n (%) 47 (64.4) 33 (82.5) 0.043
Blood vessel invasion (moderate or severe), n (%) 42 (57.5) 23 (57.5) 0.997
Perineural invasion (moderate or severe), n (%) 56 (76.7) 32 (80.0) 0.687
Histological grade (G1%), n (%) 38 (52.1) 15 (37.5) 0.138
Initial site of recurrence (distant), n (%) 52 (71.2) 27 (67.5) 0.679
CA19-9 at time of recurrence, median (range) 101.4 (0.7-3,446.0) 308.0 (0.1-20,460.0) 0.005
Time to recurrence after pancreatectomy (< 12 months), n (%) 36 (49.3) 30 (75.0) 0.008
Chemotherapy after recurrence (present), n (%) 64 (87.7) 25 (62.5) 0.002
Albumin at time of recurrence (g/dL), median (range) 4.1 (3.1-5.0) 3.7 (1.5-4.8) 0.001
NLR at time of recurrence, median (range) 1.3 (0.3-4.0) 3.0 (1.3-18.6) <0.001
SMI at time of recurrence, median (range) 39.8 (25.5-59.1) 34.4 (18.3-50.5) <0.001
CXI at time of recurrence, median (range) 122.8 (51.8-586.2) 43.2 (2.7-68.4) <0.001
Preoperative CXI, median (range) 93.0 (21.3-312.0) 51.2 (14.8-140.7) <0.001

2G1: well-differentiated

CXI cachexia index, BMI body mass index, ECOG PS Eastern Cooperative Oncology Group performance status, CA19-9 carbohydrate antigen
19-9, NLR neutrophil-to-lymphocyte ratio, SMI skeletal muscle mass index

higher in the low CXI group than in the high CXI group.
The incidence of early recurrence was higher in the low CXI
group than in the high CXI group. The 2-year post-recur-
rence OS rate and MST were 36.5% and 15.6 months in the
high CXI group versus 13.2% and 6.4 months in the low CXI
group, respectively. The 2-year post-recurrence OS curve of

the high CXI group was significantly better than that of the
low CXI group (p <0.001; Fig. 2).

Among the total 113 patients enrolled in the study, 89
(78.8%) received systemic chemotherapy after recurrence.
As first-line chemotherapy, 52 patients received gemcit-
abine-based combination regimens (30 gemcitabine plus
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Table 2 Systemic chemotherapy regimens for patients with recurrent
pancreatic cancer according to the cachexia index

Characteristics High CXI Low CXI p value
group group
(n=173) (n=40)
No chemotherapy 9 (12.3) 15 (37.5) 0.002
First-line chemotherapy 0.945
Combination therapy, n (%) 44 (60.3) 17 (42.5)
Single agent therapy, n (%) 20 (27.4) 8 (20.0)
Second-line chemotherapy
Present, n (%) 28 (38.4) 7(17.5) 0.022

CXI cachexia index

nab-paclitaxel; 22 gemcitabine plus S-1), 8 received modi-
fied FOLFIRINOX, 1 received nanoliposomal irinotecan
plus 5-fluorouracil/leucovorin, 15 received gemcitabine
alone, 12 received S-1 alone, and 1 received uracil-tegafur.
Second-line chemotherapy was given to 35 (39.3%) of the
89 patients with disease progression after the first-line
chemotherapy. The remaining patients received best sup-
portive care. Table 2 summarizes the systemic chemotherapy
regimens following recurrence. No significant difference in
first-line chemotherapy was observed between the high-
and low-CXI groups; however, second-line chemotherapy
was administered significantly more often in the high-CXI
group than in the low-CXI group. In contrast, there were
more patients without post-recurrent chemotherapy in the
low-CXI group than in the high-CXI group. Figure 3 shows
the 2-year post-recurrence OS survival curves stratified by
chemotherapy in both the high-CXI group and the low-CXI
group. The survival curves of patients who did not receive
chemotherapy or received first-line chemotherapy were
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significantly better in the high-CXI group than in the low-
CXI group (Fig. 3a, b). However, the survival curves of
patients who received second-line chemotherapy in the two
groups were similar, with no significant difference (Fig. 3c).

Multivariate analysis identified a low CXI at the time of
recurrence as an independent predictive factor for poor prog-
nosis (p=0.018), along with lymph node metastasis at the
initial surgery (p =0.036), high CA19-9 levels at the time of
recurrence (p <0.001), early recurrence within 12 months
(»=0.009), and management without chemotherapy after
recurrence (p=0.001) (Table 3).

Discussion

The present study demonstrated that a low CXI is closely
associated with poor survival after postoperative recurrence
for patients with pancreatic cancer, and that it is also an
independent prognostic risk factor for patients with recur-
rent pancreatic cancer. This is the first study to suggest the
importance of assessing cancer cachexia at the time of recur-
rence in patients with pancreatic cancer. Cancer cachexia is
considered to have a complex multifactorial pathogenesis
caused by the interactions between the tumor and various
host factors, and remains a challenging condition affecting
cancer patients at advanced stages [6, 13]. The complex
interactions between the tumor and host factors in advanced
cancer patients are related mainly to systemic inflammation,
which decreases oral intake and causes a wasting syndrome
characterized by muscle loss, poor PS, and reduced toler-
ability of cancer treatment [14]. Therefore, systemic inflam-
mation, malnutrition, and loss of skeletal muscle volume,
as the clinical features of cancer cachexia, are observed in
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Fig.3 Two-year post-recurrence overall survival curves stratified by post-recurrent chemotherapy (no chemotherapy, a; first-line chemotherapy,
b; second-line chemotherapy, ¢) in the high and low cachexia index groups. CXI cachexia index

patients with various advanced cancers. The CXI, devised
by Jafri et al. [8], consists of the SMI, serum albumin level,
and NLR, and this new biomarker enables the comprehen-
sive evaluation of sarcopenia, systemic inflammation, and
nutritional status. These three clinical parameters are key
components of cancer cachexia and each is closely associ-
ated with a poor prognosis independently in patients with
various cancers, including pancreatic cancer [15—-18]. There-
fore, the CXI, comprising the SMI, serum albumin level, and
NLR, is considered a reliable biomarker that can precisely
evaluate the status of cancer cachexia and the prognosis of
advanced cancer patients.

Cachexia has been reported to develop in 80-90% of
patients with advanced stage pancreatic cancer, with mas-
sive loss of skeletal muscle mass, a low serum albumin level,

and high NLR [19, 20]. In fact, the CXI was identified as a
useful prognostic indicator after resection in patients with
resectable pancreatic cancer. The high incidence of cachexia
in these patients can be explained by the highly malignant
behavior of pancreatic cancer. Because cancer recurrence
after surgery generally indicates systemic tumor spread, it
is recognized as an incurable pathogenesis. Moreover, the
pathogenesis differs between resectable pancreatic cancer
with the potential for curability and recurrent pancreatic can-
cer without the potential for curability. In fact, the median
post-recurrence survival of patients with recurrent pancre-
atic cancer is markedly curtailed to approximately 1.5 years
or less, even if the patients receive chemotherapy, other than
a favorable survival outcome reported for patients with iso-
lated pulmonary metastases [5, 21, 22]. CA19-9 is the most
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Table 3 Univariate and multivariate analyses of prognostic factors for the 2-year post-recurrence overall survival of patients with recurrent pan-

creatic cancer

Univariate analysis

Multivariate analysis

Variables HR 95% CI p value HR 95% CI p value
Age at time of recurrence (>75 vs. <75 years) 0.954 0.559-1.521 0.845

Sex (male vs. female) 1.187 0.749-1.881 0.465

BMI at time of recurrence (<20 vs. >20 kg/m?) 1.312 0.832-2.070 0.243

Primary tumor location (head vs. body and tail) 0.722 0.454-1.148 0.169

Primary tumor size (>40.0 mm vs. <40.0 mm) 1.351 0.620-2.947 0.449

Histological grade for primary tumor (G1? vs. others) 0.812 0.516-1.276 0.366

Lymph node metastasis at initial surgery (present vs. absent) 1.821 1.082-3.065 0.024 1.788 1.037-3.080 0.036
CA19-9 at time of recurrence (>197.8 vs.<197.8 U/mL) 3.363 2.105-5.371 <0.001 3.546 2.150-5.847 <0.001
Time to recurrence after pancreatectomy (< 12 months [early]  2.298 1.414-3.736 0.001 2.030 1.190-3.463 0.009

vs. > 12 months [late])

Chemotherapy after recurrence (present vs. absent) 0.495 0.291-0.843 0.010 0.362 0.195-0.674 0.001
Distant metastatic recurrence (present vs. absent) 1.450 0.862-2.440 0.162

Albumin at time of recurrence (< 3.4 g/dL vs.>3.4 g/dL) 1.548 0.833-2.875 0.167

NLR at time of recurrence (>2.3 vs.<2.3) 2.106 1.325-3.349 0.002

SMI at time of recurrence (low vs. high) 1.720 1.069-2.766 0.025

CXI at time of recurrence (low vs. high) 2.601 1.645-4.111 <0.001 1.987 1.128-3.501 0.018

2G1: well-differentiated

OS, overall survival, HR hazard ratio, CI confidence interval, BMI body mass index, CA19-9 carbohydrate antigen 19-9, NLR neutrophil-to-

lymphocyte ratio, SMI skeletal muscle mass index, CXI cachexia index

frequently used tumor marker in pancreatic cancer, and high
levels of CA19-9 are well-known to be an independent prog-
nostic risk factor. This study demonstrated that patients with
a low CXI had significantly higher CA19-9 levels than those
with a high CXI, which explained why the CXI was closely
associated with the prognostic outcome of patients with pan-
creatic cancer, because CA19-9 is derived mainly from the
cancer itself. The present findings confirmed our hypoth-
esis that evaluation of the CXI at the time of recurrence
is important for accurate prediction of the prognosis and
for deciding on optimal treatments such as chemotherapy or
supportive and palliative care to optimize quality of life for
patients with recurrent pancreatic cancer whose prognosis
is very poor.

The present study demonstrated that pancreatic cancer
patients with a low CXI at the time of recurrence had a sig-
nificantly worse prognosis than those with a high CXI at
the time of recurrence. Although systemic chemotherapy
can prolong the life of patients with advanced or recurrent
cancer, the proportion of patients administered chemother-
apy was significantly lower in the low CXI group than in
the high CXI group. Cancer cachexia influences the toler-
ability of chemotherapy [23]. In previous studies, patients
with a low CXI were less likely to receive chemotherapy
for various cancers [8, 24, 25]. Both the SMI and albumin
are recognized as nutritional biomarkers, which are com-
ponents of the CXI, and are well-known to be correlated
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with tolerability of chemotherapy. Because patients with a
low CXI have a poor nutritional status, they need more fre-
quent dose reductions and a lower relative dose intensity of
the drug. Therefore, a low CXI can not only reflect cancer
cachexia accurately, but it can also indicate decreased tol-
erability of chemotherapy, and is associated with the dis-
mal prognosis of patients with recurrent pancreatic cancer.
Taken together, the findings confirmed our hypothesis that
the CXI is a reliable biomarker, which can accurately predict
the prognosis of patients with recurrent pancreatic cancer
and severe cancer cachexia.

The present study has several limitations. First, it was a
retrospective study conducted in a single institution, with a
limited population of only Japanese individuals. These fac-
tors may limit the generalizability of the findings. Second,
although the cutoff value of the CXI in this study was set by
the ROC analysis, whether this cutoff value for the CXT is
adequate to predict the post-recurrence prognosis of patients
with recurrent pancreatic cancer remains unclear. Third, no
unified systemic chemotherapy regimen was administered as
first-line chemotherapy for the patients in the study, which
may have led to bias. Therefore, a well-designed, large-scale,
randomized controlled study is needed to verify the impact
of the CXI as a predictive factor for the prognosis of patients
with recurrent pancreatic cancer.

In conclusion, the CXI is useful for predicting the post-
recurrence prognosis of patients with recurrent pancreatic
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cancer. Patients with a low CXI at the time of recurrence
have a poorer prognosis than patients with a high CXI at the
time of recurrence. Identifying the CXI at the time of recur-
rence may help with decision-making for treatment to opti-
mize the quality of life of patients with recurrent pancreatic
cancer. Furthermore, nutritional therapy and an exercise pro-
gram as soon as possible after curative surgery may improve
the prognosis of patients with recurrent pancreatic cancer.
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