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Abstract
Sarcopenia is the subclinical loss of skeletal muscle and strength and has been extensively studied in both cancer and surgical
patients. Patients with sarcopenia are particularly vulnerable to major physiological stressors including surgery and surgical com-
plications. Sarcopenia has thus gained significant recognition as an important prognostic factor for both complications and survival
in cancer patients. The aim of this review was to evaluate the current literature on the effect of sarcopenia on the treatment and
prognosis of pancreatic cancer. The prevalence of sarcopenia in pancreatic cancer patients range between 20 and 65% due to the
heterogeneous groups of patients, difference in disease stage, and the different methods of measuring sarcopenia. Sarcopenia
would be more accurately assessed by utilizing both imaging and clinical data, such as frailty. Although malnutrition could be
responsible for the attenuated healing process of pancreatic anastomosis the relationship between sarcopenia and outcome fol-
lowing pancreaticoduodenectomy is debated. Most studies showed a higher risk of postoperative pancreatic fistula formation in
patients with concurrent sarcopenia and high fat mass (sarcopenic obesity). Sarcopenia seems generally to be associatedwith lower
survival. The assessment of sarcopenia can therefore lead to changes in management strategy, patient selection, and improved
informed consent prior to surgical resection of pancreatic cancer. An improved prediction of clinically relevant pancreatic fistula
formation after pancreatic surgery using preoperative computed tomography scan, including a fistula risk score using sarcopenic
obesity and subcutaneous fat area will be useful. Although treatment for sarcopenia still remains an area of research a protocol to
improve nutrition and fitness preoperatively may improve sarcopenia and surgical outcome.
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Introduction

Pancreatic cancer is one the most aggressive malignancies with
rising incidence. It is the fourth most common cause of cancer
death in the Western world because diagnosis is often only
established in the advanced stages, and thus the low treatment
success rate[1]. Its poor prognosis is manifested in an overall
median survival of 4.4 months, and a 5-year survival of 9.7%. In
the past 20 years, there is only a modest increase in long-term
survival with a median survival of 12 months, and a 5-year sur-
vival rate of 15–26% after potentially curative resection[1]. Loss
of lean tissuemass (sarcopenia) attributed tomalignancy is awell-
established complication and has been the focus of a great deal of

clinical investigation[2]. Malignancy can result in a hypercata-
bolic state caused by tumor metabolism, systemic inflammation,
and other tumor mediated effects[3]. This derangement in an
individual’s homeostasis combined with other cancer-mediated
effects such as anorexia, fatigue, decreased functional status, and
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immobility leads to a depletion of skeletal muscle and the devel-
opment of sarcopenia. Sarcopenia is a syndrome first introduced
by Rosenberg in 1989, characterized by progressive and gen-
eralized loss of skeletal muscle mass and strength[4]. It is com-
monly accepted as an age-related process and, in that setting is an
important predictor of surgical outcome and discharge
destinations[2–6]. There is increasing evidence that the elderly and
frail are not the only populations, which suffer from sarcopenia.
With an increase in fatty tissue mass: lean tissue mass ratio,
patients may also experience sarcopenic obesity. This population
is vulnerable to both the adverse health consequences of excess
adipose tissue as well as to the complications associated with a
decrease in muscle mass[7–9]. Perhaps most striking is the cohort
of patients suffering from a malignancy and cancer-related
cachexia. The common manifestation of tumor cachexia with an
incidence of 60–80%, is a complex syndrome that combines
malnutrition with weight loss, decrease in muscle tissue (sarco-
penia), anorexia, early satiety, weakness, anemia, and edema[10].
The impact of sarcopenia in cancer patients has been studied
across a broad range of malignancies[8–12], and it has been shown
to predict drug toxicity, time to tumor progression, and mortality
in patients treated with chemotherapeutic agents[10]. Muscle loss
is also exacerbated by the administration of cytotoxic che-
motherapy, and an independent prognostic indicator in cancer
patients undergoing palliative therapy[11]. While the stepwise
progression toward sarcopenia is not yet clearly defined, there is
no question of the deleterious effects that it has on clinical out-
comes in cancer populations[10,12]. The decision to undergo any
surgical intervention is based on weighing the clinical benefits
versus potential complications. Patients with sarcopenia are
particularly vulnerable to major physiological stressors including
surgery and surgical complications[12]. Englesbe et al.[13]

demonstrated that core muscle size is independently predictive of
mortality and complications following major elective general or
vascular surgery. Sarcopenia has also been shown to correlate
with mortality after liver transplantation, length of stay after
colon resection, and surgical site infections following midline
laparotomies and colon resections[14,15]. Long-term survival is
worse in sarcopenic patients undergoing pancreatic cancer sur-
gery, as shown by meta-analysis[16,17]. As a result the approach
toward oncological therapy may be forced toward the use of
suboptimal and inadequate treatment. Several factors are con-
sidered when evaluating a sarcopenic patient’s preoperatively,
and include medical co-morbidities and nutritional status[18].
Concomitant with these objective data, is a more subjective
‘eyeball test’ to evaluate for the patient’s expected physiologic
reserve[18,19]. This will provide the surgeon a more impartial tool
for assessing the ability to tolerate surgery. Sarcopenia is a
component of body habitus that can be quantified preoperatively
and altered over time. The assessment of sarcopenia can lead to
changes in management strategy, patient selection, and improved
informed consent prior to surgical resection of malignancy. The
aim of this review was to discuss the current literature on the
association between sarcopenia and surgical outcome following
resection of pancreatic cancer.

Discussion

Pancreatic surgery is technically complex and associated with
significant postoperative morbidity, mortality, and prolonged

hospitalization. Although, in recent decades, survival after pan-
creatic surgery has improved due to recent advancements in peri-
operative management and operative technique, postoperative
complications occurs in up to 40–50% of patients[20]. Sarcopenia
seems to be associated with poorer survival, higher postoperative
morbidity, and mortality in patients undergoing pancreatic sur-
gery. The prevalence of sarcopenia in pancreatic cancer patients
range from 20 to 65%due to the heterogeneous groups of patients,
difference in disease stage, and the different methods of measuring
sarcopenia[21–23]. Pancreaticoduodenectomy (PD) is the gold
standard in the treatment of pancreatic, periampullary, and distal
bile duct malignancies. Postoperative pancreatic fistula (POPF) is
one of the most common and relevant complications following this
procedure. Many possible risk factors have been identified, such as
male sex, higher BMI, prior history of cholangitis, cardiovascular
disease, benign rather than malignant indication predisposes nar-
row pancreatic duct, extrapancreatic tumor location (distal cho-
langiocarcinoma, ampullary, duodenal) predisposes soft pancreas,
blood loss, soft parenchymal texture, and narrow pancreatic duct
width (<3 mm), absence of intraoperative blood transfusion, and
higher fluid amylase on postoperative day 1[24]. The evaluation of
the nutritional status of patients undergoing pancreatic surgery has
been receiving increasing attention, especially in recent years and
according to a position paper of the International Study Group on
Pancreatic Surgery (ISGPS), the measurement of nutritional status
should be part of the routine preoperative assessment, as mal-
nutrition is a risk factor of surgery-related complications. The
group also suggests considering, in addition to the patient’s weight
loss and BMI, the measurement of sarcopenia and sarcopenic
obesity[23,25]. It can be assessed by the routine preoperative staging
computed tomography (CT) but its role in surgical outcome
in particular the occurrence of POPF is still unclear and
debatable[26,27]. Predicting POPF using a combination of objective
preoperative CT measurements including body composition
parameters would still be very useful[26,27].

Method of quantifying sarcopenia

Sarcopenia is found in up to 65% of pancreatic cancer
patients[28], but there is no standardized methodology for both
the assessment and classification of sarcopenia in the clinical
setting. The current framework for quantification involves ima-
ging of skeletal muscle and the determination of cut-off values
based on individual study populations. There is available evi-
dence on the role of CT scans in both the identification of sar-
copenia in patients with abdominal malignancies as well as the
predictive value of body composition analysis in clinical out-
comes. CT scans can identify reduced muscle mass and predict
negative cancer outcomes in patients with abdominal
malignancies[26]. The skeletal muscle index at the third lumbar
vertebra level on preoperative CT was the most common way of
assessing sarcopenia , although the cut-offs varied among dif-
ferent studies. In the studies evaluated, imaging modalities used
included CT scan, MRI, dual energy X-ray absorptiometry, and
bioelectrical impedance assay[7] but the majority of studies used
CT scans[27]. This can be attributed to the fact that preoperative
CT scans are the standard of care for patients undergoing resec-
tion of a malignancy. Most studies employed a semi-automated
method for taking measurements from the scans; the intended
musculature wasmanually outlinedwith a preset Hounsfield Unit
density threshold. This technique allows for more precise
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calculation of the muscle area while excluding fat and vasculature
that fall outside the preset Hounsfield Unit range[29]. The
Hounsfield Unit parameters set by most studies was within − 30
to 150 HU[30]. There are several different musculature measure-
ments that are used to quantify sarcopenia. In general, mea-
surements are taken at a particular level of the lumbar spine
(primarily L3), or the value is obtained by averaging measure-
ments from two consecutive lumbar vertebral levels (e.g. L4 and
L5; Fig. 1, Panels A–C). A majority of the studies reviewed
obtained the cross-sectional area of the abdominal skeletal mus-
culature (including bilateral psoas, erector spinae, quadratus
lumborum, transversus abdominis, external and internal oblique,
and rectus abdominis) or the cross-sectional area of the psoas
muscles. A few studies defined sarcopenia based on both psoas
muscle area and psoas muscle density, expressed in Hounsfield
Units. Psoas muscle density is a proxy for muscle quality as it
accounts for fatty infiltration of muscle tissue. This is also known
as the Hounsfield Unit Average Calculation, or HUAC. Other
measurements included the appendicular skeletal muscle mass
and the multifidus muscle with subcutaneous fat[31]. An example
of how sarcopenia is quantified by CT imaging is illustrated from
a study published by Joglekar and co-workers[32]. In this study,
sarcopenia was defined as meeting the lower 25th percentile for
gender-specific Total Psoas Index (TPI) and HUAC (Fig. 1). In
Figure 1, Panel A demonstrates a patient with a normal Total
Psoas Area (TPA) as seen by the substantial muscle mass. The
patient shown in Panel B is illustrative of someonewith very small
TPA and therefore a low TPI (sarcopenia). The patient shown in
Panel C has a substantial muscle mass as shown by visual esti-
mation, but the quality of the muscle is low based on the low

HUAC and met criteria for sarcopenia[32]. In many of the studies
reviewed, sarcopenia was largely defined as a dichotomous
variable by establishing cut-off points for the muscle index used.
Cut-off values were commonly determined by lowest gender
specific quartile optimum stratification to obtain gender specific
cut-offs or two SDs below the gender specific mean. Of note,
numerous studies obtained their cut-off values by using the
optimum stratification model outlined by Prado and co-work-
ers[8,9]. Gender specific cut-offs were used due to the baseline
variability in body habitus between males and females. Despite
the variability in the specifics of the method for quantifying sar-
copenia, the studies included in this review all used an imaging
modality to obtain measurements of skeletal muscle mass or
density and defined cut-off values based on the skeletal muscle
index calculated. In 2019, a revised European concensus on the
definition and diagnosis of sarcopenia identifies probable sarco-
penia by low muscle strength (criterion1), low muscle quantity or
quality (criterion 2), and low physical performance (criterion3). If
criteria 1, 2, and 3 are all met, sarcopenia is considered severe.
Lumbar third vertebra imaging by CT is considered among the
techniques that can be used to detect low muscle mass[2].

Type of malignancy

Many studies have demonstrated the significant prognostic role
of sarcopenia for both cancer-related survival and complications
following oncologic procedures[33]. The broad range of percen-
tage of sarcopenia across the studies (11.1–68.8%) may be
attributed to the lack of a standardized definition of sarcopenia,
as well as innate differences in the patient populations evaluated.
Given the unique qualities of each solid tumor, and the type of

Figure 1. Quantification of sarcopenia on contrast enhanced computed tomography in patients with pancreatic adenocarcinoma being considered for
pancreatectomy. HUAC, Hounsfield Unit Average Calculation; HU, Hounsfield Units; TPA, Total Psoas Area.
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procedures sarcopenia will not have the same prognostic value in
all types of malignancy[4–8]. Pancreatic cancer has a major impact
on the patient’s nutritional status by virtue of their inherent
digestive functions. Other factors include disease stage (tumor-
related), treatment used (treatment-related) and performance
status (patient-related). Patients requiring surgical intervention
will further impose metabolic and cardiopulmonary demands
that compounds pre-existing nutritional disorders[8,22,33–35].
Malnutrition has to be severe before healing is affected because
the wound has high priority when competing with unwounded
tissue for body resources[36]. In pancreatic cancer, malnutrition
occurs in 60–80%of patients but on its own it should be severe to
cause the decrease in muscle mass and functional capacity of
sarcopenia that may have an effect on surgical outcome[22]. In
addition the loss of stroma in the sarcopenic pancreas (Fig. 2) will
not render strength in a pancreatic anastomosis. Sarcopenia or a
history of rapid onset weight loss or weight loss greater than 20%
of original weight is evidence of advanced disease and not simply
due to insufficient nutrient intake or nutrient losses. It is asso-
ciated with poor prognosis, that is lower survival, worse response
to chemotherapy and radiotherapywith increased risk of toxicity,
increased risk of postoperative complications, delayed wound
healing, nosocomial infections and decreased quality of life[33,36].
In addition, nutrient supplements involved in the healing
process may only be effective when these nutrient factors are
deficient[12,22,33,37].

Major outcome evaluated in pancreatic cancer patients with
and without sarcopenia

Peng 2012 and Okumura 2015 demonstrated on 557 and
230 pancreatic adenocarcinoma patients, respectively, that sar-
copenia was a prognostic factor for survival following
pancreatectomy[38,39]. Joglekar 2015 demonstrated on 118
pancreatic adenocarcinoma patients that sarcopenia was a sig-
nificant predictor of complications following pancreatectomy[32].
Grading of complications is a critical aspect of any study evalu-
ating outcome across patient groups in surgical oncology
patients[34,40]. The most mature and established complications
reporting system available is that for pancreatectomy, where
there is a specific grading system that has been published and
validated across institutions[41,42]. When evaluating pancrea-
tectomy for adenocarcinoma, Joglekar and co-workers[32] uti-
lized two methods for quantification of sarcopenia. The
complications were graded according to Common Toxicity for
Adverse Events or the International Study Group for Pancreatic
Surgery when applicable. The TPI only predicted length of hos-
pital stay on multivariate analysis. However, the HUAC, a
measure of muscle quality, was also an independent predictor of
length of stay and ICU admission, Clavien–Dindo grade 3 com-
plications, overall complications, delayed gastric emptying, and
infectious, gastrointestinal, and cardiopulmonary complications.
Overall survival was not found to be different based on the TPI or
HUAC in this study. The authors concluded that not only muscle
mass, but muscle quality is an important variable in assessment of
sarcopenia that should be considered when evaluating patients
for pancreatectomy. The prognostic value of sarcopenia on
postoperative complications and survival is clinically relevant as
it can be objectively and reliably measured and is a potentially
modifiable risk factor. While a standard first line therapy for
remediating sarcopenia has not yet been identified, several studies

have suggested potential interventions. Commonly proposed
strategies include a combination of high-protein nutritional
support, early physical therapy, and alternative muscle stimula-
tion for the nonambulatory population[3].

Impact of sarcopenia on postoperative complications in
pancreatic cancer

POPF is one of the most critical complications after pancreatic
surgery[17]. To evaluate the susceptibility to POPF, the fistula risk
score has been designed, taking four risk factors into consideration:
(a) the texture of the pancreas, (b) disease pathology, (c) pancreatic
duct size,(d) intraoperative blood loss[43]. In addition, several sur-
gical strategies such as anastomotic stents for pancreatic duct width
(<3 mm), tissue sealants and autologous tissue patches have been
introduced to decrease the incidence of clinically relevant POPF[44].
In a meta-analysis, Zhao et al.[45] concluded that external drainage
of the pancreatic juice was not superior to internal drainage in
reducing the incidence of POPF and, external drainage did not
decrease the incidence of CR-POPF for soft pancreatic gland
texture[46]. Although malnutrition could be responsible for the
attenuated healing process of pancreatic anastomosis the relation-
ship between sarcopenia and outcome following PD is debated.
Only 6 of the 21 studies observed a statistically significant effect of
sarcopenia, but the data showed an unclear picture on its role in
POPF formation. Latorre Fragua et al.[20] systematic review in 2022
demonstrated that sarcopenia was not associated with an increased
incidence of the specific postoperative complications, such as pan-
creatic fistula, delayed gastric emptying, sepsis, postoperative
hemorrhage, or mortality. However, routine preoperative staging
CT could improve preoperative risk stratification in patients
undergoing pancreatic surgery[20]. Most studies showed a higher
risk of POPF in patients with sarcopenic obesity[47–50]. According
to Nishida et al.[51] preoperative sarcopenia strongly influences the
risk of postoperative pancreatic fistula formation after PD, and for
Linder et al.[52], sarcopenia contributed to the occurrence of POPF,
while Amrani et al.[53], Sui et al.[54], Box et al.[55], and Tsukagoshi
et al.[56] reported that sarcopenia was a protective factor for POPF.
Centoze et al.[57] showed a significant difference only for grade C
POPF. It is important to note that the occurrence of POPF after PD
has different causative factors to distal pancreatectomy (DP).
Seventeen of the 21 studies were conducted on patients undergoing
PD but only 5 studies reported a significant difference in POPF
between the two groups[51,52,54–56]. The only study that included
patients undergoing DP did not find a significant association
between sarcopenia and POPF formation[58]. A trend of a lower
POF rate in sarcopenic patients may be explained by the perio-
perative nutritional supplementation in sarcopenic patients but
more studies are needed to classify these findings[23]. Thus in order
to adequately assess the role of sarcopenia researchers should also
evaluate the data on the state of nutrition of patients, parenteral
and jejunostomy enteral nutrition. Although sarcopenia is known
to be associated with higher mortality and functional disability[51],
it is becoming increasingly evident that concurrent sarcopenia
and high fat mass (sarcopenic obesity) is the worst case
scenario[7,11,22,47–50]. To avoid the risk of POPF, three studies
-Joglekar et al. 2015[31], Okumura et al. 2015[39], Amrani et al.
2018[53] demonstrated total pancreatectomy in sarcopenia. In
addition to the report that skeletal muscle quality is associated with
worse survival after PD for periampullary, nonpancreatic
cancers[59] performing a spleen-preserving total pancreatectomy for
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distal cholangiocarcinoma in a sarcopenic insulin-dependent dia-
betic patient was demonstrated by the authors (unpublished) to be
safe and effective (Fig. 2).

Impact of sarcopenia on postoperative survival in pancreatic
cancer

Several studies evaluated the impact of sarcopenia on post-
operative cancer-specific and overall survival and was shown to
be independently associated with survival in several of the studies
reviewed[39–68] (Table 1). The study by Peng and co-workers
observed a 63% increased risk of death at 3 years in sarcopenic
patients with pancreatic ductal adenocarcinoma[39]. Consistent
with these findings, Sabel and co-workers found that with every
10HUdecrease in psoasmuscle density there was a 28%decrease
in disease-free survival[69]. The findings in these studies controlled
for complications and other significant prognostic factors using
multivariate analysis demonstrated that sarcopenia is a sig-
nificant prognostic factor for survival. No significant difference in
postoperative mortality was among the studies that presented
60 days mortality. When only patients with PD were analyzed,
patients with sarcopenia showed poorer overall survival than
those without sarcopenia. Meanwhile in patients with DP, there
was no difference in survival rates between the two groups[70–74]

(Table 2).

Is it possible to minimize the impact of sarcopenia on
patients undergoing pancreatic surgery?

Generally, exercise and nutritional management are crucial for
the prevention and treatment of sarcopenia. Nutritional therapy
for sarcopenia that includes 20 g of whey protein and 800 IU of
vitamin D twice a day improves muscle strength and physical
function but may take up to 6 months to be most effective[75].
Appropriate nutritional management and exercise programs
through rehabilitation nutrition should therefore be started very
early after admission and adjusted to the level of the pancreatic
cancer disease status[76,77]. The evaluation of the TPA score

Figure 2. Total pancreatectomy specimen of sarcopenic patient (minimal
stroma and greater fat content): (a) pancreaticoduodenectomy specimen (b)
body and tail specimen.

Table 1
Study characteristics, indications, and type of resection[17] (with permission).

Study Year Study design NOS scale Indication Type of resection

Nishida et al.[51] 2016 Retro 8 PDAC, bile duct tumor, other PD, SSPPD
Pecorelli et al.[48] 2016 Pro 9 Periampullary neoplasms, PDAC PPPD
Sandini et al.[60] 2016 Retro 7 Periampullary neoplasms, PDAC, IPMN, pNET, other PD, PPPD
Van Dijk et al.[61] 2017 Pro 7 Periampullary neoplasms, PDAC, bile duct tumor, other PD
Okumura et al.[39] 2017 Retro 8 PDAC PD, DP, TP
Takagi et al.[62] 2017 Retro 6 Periampullary neoplasms, PDAC, IPMN, other SSPPD
Van Rijssen et al.[58] 2017 Pro 9 Periampullary neoplasms PD
Amrani et al.[53] 2018 Retro 8 Periampullary neoplasms, PDAC, IPMN, CP, other PD, DP, TP
Fukuda et al.[ 63] 2018 Pro 6 T1D PTx
Sui et al.[54] 2018 Retro 7 Periampullary neoplasms, PDAC, IPMN, pNET, other PPPD
Yamane et al.[65] 2018 Retro 7 Periampullary neoplasms, PDAC, IPMN PD
Jang et al.[49] 2019 Retro 8 Periampullary neoplasms, PDAC, IPMN, pNET, other PD
Linder et al.[52] 2019 Retro 7 Periampullary neoplasms, PDAC, other PD, PPPD
Vanbrugghe et al.[58] 2019 Retro 8 PDAC, IPMN, pNET, CP, other DP, SPDP
Abe et al.[66] 2020 Retro 7 Periampullary neoplasms, PDAC, bile duct tumor, CP, other PD
Centonze et al.[57] 2020 Retro 8 Periampullary neoplasms, PDAC, IPMN, pNET, CP, other PD
Roh et al.[67] 2020 Retro 7 Periampullary neoplasms, PDAC, bile duct tumor, IPMN, other PD
Ryu et al.[47] 2020 Retro 9 PDAC, other PD, PPPD
Box et al.[55] 2021 Retro 8 Periampullary neoplasms, PDAC, IPMN, pNET, other PD
Tanaka et al.[64] 2021 Retro 8 Periampullary neoplasms, PDAC, IPMN, pNET, other PD, DP, MP
Tsukagoshi et al.[56] 2021 Retro 7 Periampullary neoplasms, PDAC, IPMN, pNET, other PD, SSPPD

CP, chronic pancreatitis; DP, distal pancreatectomy; IPMN, intraductal papillary mucinous neoplasm; MP, middle pancreatectomy; NOS, Newcastle–Ottawa Scale; PD, pancreatoduodenectomy; PDAC, pancreatic
ductal adenocarcinoma; pNET, pancreatic neuroendocrine tumor; PPPD, pylorus-preserving pancreatoduodenectomy; PTx, pancreas transplantation. (with permission Perra T et al. 2022[17]; SPDP, spleen-
preserving distal pancreatectomy; SSPPD, subtotal stomach-preserving pancreatoduodenectomy; T1D, type 1 diabetes mellitus with refractory hypoglycaemia; TP, total pancreatectomy.
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(Total Psoas muscle) the most sensitive marker for detecting
presarcopenia preoperatively may identify priority patients who
might benefit from prehabilitation programs[30]. Several studies
have shown a worse survival outcome and an increase in post-
operative complications based on body composition measure-
ment in patients with pancreatic adenocarcinoma, regardless of
stage or treatment modality[22,23,27,28,32,39,50–53,55,56,60–63]. This
raises the question of how to proceed with patients who have
sarcopenia in pancreatic cancer. The use of an intervention pro-
gram would be an ideal option for patients with severe sarcope-
nia. An example is a patient with resectable pancreatic head
adenocarcinoma who has been deemed an operative candidate
and yet has severe sarcopenia. Because sarcopenia is mostly
associated with advanced disease the initiation of systemic che-
motherapy along with a protocol to improve nutrition and fitness
preoperatively, followed by restaging and reassessment of sar-
copenia seem reasonable[8,23,78,79]. Although it is possible that
sarcopenic patients may not tolerate chemotherapy as well as
nonsarcopenic patients, more centers have published on
improved outcome with neoadjuvant chemotherapy for pan-
creatic adenocarcinoma in sarcopenic patients[28,80]. Serum
albumin and protein levels are always considered preoperatively
and surgery can be delayed safely on patients with albuminaemia
less than 2.8 g/dl and proteinaemia less than 5.5 g/dl for provision
of high-protein nutritional supplements. Medications to reduce
the risk of POPF formation such as somatostatin analogs could be
used for prophylaxis in selected patients[23,41].

The future

Whether sarcopenia is a determinant or merely a predictor
associated with survival remains unknown, and future studies
may help clarify the significance. For future studies, it would be
valuable to have a universal method for quantifying sarcopenia
and determining standardized cut-off values that can be reliably
reproduced across institutions. A majority of studies have defined
sarcopenia as a dichotomous variable, but it can also be utilized
as a continuous variable to optimize the cut-offs for each indivi-
dual study. The use of a standardized gender specific cut-off value
would potentially reduce bias across studies but may not be
practical due to the heterogeneity of imaging modalities, patients,
and cancer subtypes. In addition to imaging measurements, the
European Consensus Definition enlists the criteria for the diag-
nosis of sarcopenia as the presence of lowmuscle mass and one of
the following-lowmuscle strength or low physical performance[2]

. This is a critical aspect of the evaluation of patients that must be
considered. The improvement of prediction of clinically relevant

pancreatic fistula after pancreatic surgery using preoperative CT
scan[81] and, the application of the new fistula risk score using
sarcopenic obesity and subcutaneous fat area will be very
useful[82]. Future prospective studies may more accurately assess
sarcopenia by utilizing both imaging and clinical data, such as
frailty[18]. Therefore, clinical data combinedwith imaging criteria
for sarcopenia should guide patient selection for treatment. There
is also a need for the development of a therapeutic strategy to
improve the extent of a patient’s sarcopenia. If a preoperative
protocol were developed, prospective studies analyzing patients
in treatment versus control arms might determine whether
treating sarcopenia alters a patient’s postoperative clinical out-
come. Pharmacological therapies for sarcopenia including inhi-
bitors of myostatin, testosterone, selected androgen receptor
modulators, ghrelin agonists, and angiotensin-converting enzyme
(ACE) inhibitors have been evaluated, but preliminary trials have
found they are less effective than postulated[20].

Conclusions

There is increasing evidence that sarcopenia should be considered
in the preoperative risk assessment and treatment decision mak-
ing in patients undergoing pancreatic surgery. Clinical informa-
tion on sarcopenia may help improve the assessment of a patient’s
preoperative status, selection for surgical resection, and the
determination of timing of multimodality therapy. Although
treatment for sarcopenia still remains an area of research,
neoadjuvant chemotherapy could be combined with an intensive
program of nutrition and exercise, followed by restaging and
reassessment of sarcopenia in pancreatic cancer.
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Table 2
Impact of sarcopenia on postoperative survival in pancreatic cancer[17,20.]

Author (year) Type of malignancy Survival outcome measured Sarcopenic (%) Nonsarcopenic (%)

Peng et al. 2012[38] Pancreatic adenocarcinoma 3-year survival (men) 3-year survival
(women)

20.3 26.1 39.2 40.8

Okumura 2015[39]

Amini et al. 2015[70]
Pancreatic adenocarcinoma Pancreatic
adenocarcinoma

Median survival time 3-year survival 17.7 months 37% 33.2 months 68%

Van Dijk et al. 2017[61]

Onesti et al. 2016[69]
Pancreatic adenocarcinoma Pancreatic
adenocarcinoma

Median overall survival Median
overall survival

10.8 months 40 months 17.9 months <.05 months

Nimomiya et al. 2017[71] Pancreatic adenocarcinoma Median overall survival 23.7 months 25.8 months
Stretch et al. 2018[72]

Choi et al. 2018[73]
Pancreatic adenocarcinoma Pancreatic
adenocarcinoma

Median overall survival Median
overall survival

16 months 13.9 months 26.4 months 21.9 months
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