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Abstract

Background and Objective: Pancreatic cancer (PC) is a significant cause of cancer-related mortality, with limited curative
options and high rates of cachexia, a debilitating syndrome associated with poor prognosis. While previous research has linked
sarcopenia to poor outcomes in PC, the correlation between cachexia and treatment outcomes remains underexplored. This
meta-analysis aims to investigate the association between cachexia and overall survival and time to treatment failure in advanced
PC patients undergoing first-line chemotherapy.

Method: A systematic search of electronic databases was conducted following PRISMA guidelines. Eligible studies compared
cachexic and non-cachexic PC patients, reporting outcomes of observed survival or time to treatment failure. Data extraction
and analysis were performed using Comprehensive Meta-Analysis Version 3.3, employing random-effects models and sensitivity
analyses to assess heterogeneity and bias.

Results: Seven observational studies involving 2834 PC patients were included. The incidence of cachexia was 45% (95% CI:
0.27-0.65), with a higher prevalence in East Asian populations. Cachexic patients experienced significantly earlier treatment
failure (SDM: �2.22, 95% CI: �2.6 to �1.7, P = 0.0001) and higher mortality risk (HR: 2.02, 95% CI: 1.17-3.48, P = 0.011)
compared to non-cachexic patients. Overall survival was lower in cachexic patients (SDM: �2.34, 95% CI: �3.7 to �0.90, P =
0.001), with considerable heterogeneity across studies. Meta-regression analysis revealed significant differences between
countries but insignificant correlations with age.

Conclusion: Cachexia is associated with reduced overall survival, early chemotherapy failure, and elevated mortality in
advanced PC patients undergoing first-line chemotherapy. Recognition and management of cachexia are crucial for optimizing
treatment outcomes and improving patient survival. Future research should focus on prospective studies to better understand
the impact of cachexia on treatment response and develop tailored interventions to mitigate its adverse effects.

Plain language summary
Pancreatic cancer (PC) presents a formidable challenge due to its limited treatment options and association with cachexia, a
debilitating condition linked to poor prognosis. This meta-analysis investigates the relationship between cachexia and treatment
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outcomes in advanced PC patients undergoing first-line chemotherapy. Seven observational studies encompassing 2834 patients
were analyzed, revealing a 45% incidence of cachexia, notably higher in East Asian populations. Cachexic patients exhibited
earlier treatment failure and higher mortality risk compared to non-cachexic counterparts. Their overall survival was sig-
nificantly reduced, although with notable heterogeneity across studies. Meta-regression analysis highlighted variations between
countries but found no significant correlation with age. The findings underscore the importance of recognizing and addressing
cachexia to optimize treatment outcomes and enhance patient survival. Future research should emphasize prospective studies
to further elucidate cachexia’s impact on treatment response and develop tailored interventions to alleviate its adverse effects.
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Introduction

Pancreatic cancer (PC) is the third leading cause of cancer-
related deaths in the United States, with projections that it will
become the second leading cause by the year 2030.1 Surgical
resection is the only curative option spite–80%–85% of in-
dividuals presenting with advanced stages.2-4 The combina-
tion regimen of FOLFIRINOX (5-fuorouracil, leucovorin,
irinotecan, and oxaliplatin5,6 and gemcitabine with nab-
paclitaxel (GnP) are the usual first-line therapies for ad-
vanced PC patients with good performance status.7,8 Exten-
sive combination regimens improve the rate of survival but
also cause adverse effects and require proper patient
selection.9,10

Cancer Cachexia is a multifactor syndrome comprised of
weight loss, diminished physical well-being, low quality of
life, and intolerance to cancer treatment.11-13 It is reported in
50%-80% of patient with various cancers, with the highest
prevalence in pancreatic cancer (60%).13 The diagnostic
criteria for cachexia include either a weight loss of ≥5%within
6 months, a weight loss greater than 2% accompanied by a
BMI of <20 kg/m2, or the presence of sarcopenia.14,15 Sar-
copenia is characterised by progressive loss of muscle mass
and function, along with loss of the entire body mass.16,17 The
prevalence of sarcopenia in PC patients is up to 50%, while in
other common cancers, it is about 40%.18 Cachexia and
Sarcopenia are 2 different entities with overlapping charac-
teristics of muscular deficiency illnesses that induce disability,
functional impairment, and decreased physical performance.19

Moreover, cachexia and sarcopenia reduce tolerance to che-
motherapy and increase the risk of adverse effects in patients
with advanced pancreatic cancer.20,21 Both cachexia and
sarcopenia are correlated with poor prognosis in individuals
with malignancies, particularly PC. However, this correlation
varies according to cancer type and stage.22

There is currently a scarcity of research that assesses the
part that cachexia plays among patients with PC, and it is
worth noting that recent studies have demonstrated that ca-
chexia is highly prevalent in individuals who have advanced
PC23,24 it is important to understand the correlation in

pancreatic patients. While a systematic review and meta-
analysis has already been conducted on effect of sarcopenia
on treatment of pancreatic cancer,25 cancer cachexia owning to
the high prevalence in pancreatic cancer warrants a thorough
data analysis to know the extent of impact it contributes to
treatment outcomes, ultimately starting a debate for future
management and reaching a better 5 years mortality rate. The
aim of our study was to determine the association between
cachexia and overall survival and time to treatment failure. By
examining these associations, we enhanced our understanding
of how cachexia influences the prognosis and treatment
outcomes of PC, potentially leading to improved clinical
management strategies.

Methodology

Search Strategy

A comprehensive search was carried out by S.M.S.A and A.J
across electronic databases, including PubMed, MEDLINE,
Embase, and Scopus, from the inception date until 1 April
2024. The search was conducted using the MeSH phrases
“Cachexia”, “Pancreatic cancer”, “Body Weight loss”, “Ad-
vanced stage cancer”, and “Palliative chemotherapy”, with
English as the only language used for the data search. Ad-
ditional sources were consulted to identify relevant records.
The search was conducted in English, adhering to the spelling
and specific terms and phrases. The guidelines for systematic
reviews and meta-analyses, specifically the MOOSE,26 were
followed while also incorporating the PRISMA principles.27

The protocol for this study has been registered in PROSPERO
(CRD42024545153).

Eligibility Criteria

The following criteria were considered when incorporating
relevant studies: (i) Adult patients with locally advanced,
metastatic , unresectable or resectable pancreatic cancer who
were either intolerant to or refused surgery and were starting
first-line palliative chemotherapy.; (ii) the study must have
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compared cancer cachexia ie, A multifactorial syndrome in-
volving a weight loss of 5% or more within 6 months, OR 2%
weight loss in individuals with low BMI and leads to irre-
versible fat mass loss , skeletal muscle loss and functional
impairment, with non-cachexia patients; and (iii) studies were
only included if outcomes of observed survival (OS) or time to
treatment failure (TTF) were reported.

Studies that included cancer types other than pancreatic
cancer, used sarcopenia cohorts instead of cachexia, or did
not compare non-cachexia patients as a cohort were
excluded.

Outcome Measures and Data Extraction

Two authors, M.A.S and A.J, independently gathered key
information from the selected studies. After extraction, the
data were reviewed in duplicate. The outcomes of interest
were primarily time to treatment failure and observed survival.
Secondary outcomes included cachexia as a risk factor for
mortality and incidence of cachexia and sarcopenia in the
included studies, and months were converted to days for
consistency.

Statistical Analysis

The Comprehensive Meta-Analysis Version 3.3 was em-
ployed by M.A.S to combine and analyze the data. To cal-
culate the pooled effects between the control and intervention
groups, a random-effects model was used. Forest plots dis-
playing the outcomes of time to treatment failure and overall
survival were created using the standardized difference in
means and 95% confidence intervals (CIs). Furthermore,
separate scatter plots were generated to examine the regression
of age and country against the standardized difference in mean
for overall survival. Forest plots illustrating the incidence rates
of cachexia and sarcopenia were constructed using event rates
and 95% CIs. Hazard ratios and 95% confidence intervals
(CIs) were used to analyze the risk of mortality due to ca-
chexia. Heterogeneity was assessed using I2 statistics, and
significance was considered when I2 exceeded 50%. Addi-
tionally, the leave-one-out methodology was employed when
necessary to identify specific studies that contributed to the
observed variation, thereby enhancing the accuracy and re-
liability of the research results.

Quality Assessment and Risk of Bias

A.R and S.M.S.A evaluated the quality of the observational
studies using the Newcastle-Ottawa quality assessment scale
(Supplemental Figure 1).28 Biases in selection, comparability,
and outcomes were also considered. For each study, a total
score of less than 7 out of 9 was considered to indicate a low
bias. Any difficulties that arose during the process were re-
solved by a third researcher, M.A.S

Results

Study Selection

The PRISMA flow diagram clearly illustrates the search
strategy outcomes (Figure 1). Initially, 1563 articles were
retrieved from multiple databases. Subsequently, 314 dupli-
cate articles were excluded. The remaining 1249 articles
underwent preliminary screening, of which 439 were ex-
cluded based on their titles alone. Furthermore, the re-
maining 810 studies were assessed, and 775 were excluded
based on the abstracts, allowing us to remove studies that
were not aligned with our PICO. At the end of screening,
35 studies were assessed for eligibility. Among these,
28 studies were omitted because of the inclusion of patients
who underwent surgery for pancreatic cancer alongside other
cancer types, such as colorectal cancer, lung cancer, or
gastric cancer. Additionally, a few studies failed to provide
results for time-to-treatment failure (TTF) or overall survival
(OS), whereas certain studies specifically targeted patients
with sarcopenia. Eventually, 7 observational studies were
deemed appropriate after a meticulous screening process that
closely matched the aims of our research23,24,29-33 (Tables 1
and 2).

Study Characteristics

Our research encompassed a selection of 7 studies, which
collectively involved 2834 pancreatic cancer patients, of
which 866 had cachexia and 1968 were non-cachexic. The
mean age of cachexic patients was 69.3 years, whereas that
of non-cachexic patients was 67.6 years. The cachexic
group comprised 533 males and 333 females, while the
non-cachexic group comprised 1107 males and 861 fe-
males. The majority of these studies (85.7%) were con-
ducted in East Asian countries, with only 1 study (14.2%)
originating from Northwestern Europe. Within this subset,
5 studies were retrospective in design. In 2 of these studies
by Wong et al.23 and Hosokawa et al.,24 2 specific medi-
cations, referred to as FOLFIRINOX (5-fluorouracil,
leucovorin, irinotecan, and oxaliplatin) (FFX) and gem-
citabine and nab-paclitaxel (GnP) were utilized. Notably,
in the study by Wong et al,23 detailed median doses of 5 and
9 for cachexic patients and 7 and 11 for non-cachexic
patients were administered. In the latter group, both ca-
chexic and non-cachexic patients received 4 doses each of
FFX and GnPs.

Incidence

In our research, we examined 7 studies to assess the preva-
lence of cachexia in individuals with pancreatic cancer. The
incidence rate was 0.45 [95% CI: 0.27-0.65, P = 0.657], as
shown in Figure 2. Upon conducting a sensitivity analysis,
significant heterogeneity was observed among the studies, for
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which a leave-one- out analysis was performed. These studies
included Hou et al and Henry et al, (I2 = 98.13%, P = 0.001)
(Supplemental Figure 2).

Additionally, we analysed 3 studies to determine the
prevalence of sarcopenia in individuals with pancreatic cancer.

The event rate was 0.571 [95% CI, 0.40-0.72, P = 0.418], as
shown in Figure 3. Upon conducting a sensitivity analysis,
using leave 1 out analysis, substantial heterogeneity was
present among the studies, (I2 = 91.20%, P = 0.001).
(Supplemental Figure 3).

Figure 1. PRISMA flowchart demonstrating search strategy of present systemic review and meta-analysis.
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Time to Treatment Failure

Five studies provided data on determining the time to TTF in
cachexic and non-cachexic patients. The SDM was discovered to
be �2.22 [95% CI, �2.6 to-1.7, P = 0.000], as illustrated in
Figure 4. It was inferred from the results that cachexic patients
experienced early treatment failure. Following a sensitivity anal-
ysis, it was observed that significant heterogeneity existed among
the studies [I2 = 78.15%, P = 0.003] (Supplemental Figure 4).

Cachexia as a Risk Factor for Mortality

Three studies showed that cachexia is a risk factor for mortality.
The H.R calculated was 2.02 [95% CI, 1.17-3.48, P = 0.011],
indicating that mortality risk was substantially higher in the
cachexia group compared to the non-cachexia group (Figure 5).
After conducting a sensitivity analysis, it was observed that
there was no significant heterogeneity among the studies [I2 =
45.39%, P = 0.160] as shown in (Supplemental Figure 5).

Overall Survival (OS) for Cachexia

Data were gathered from 5 studies to evaluate the overall
survival among cachexic and non-cachexic pancreatic cancer
patients. The SDM was found to be �2.34 ± 0.73 [95%
CI,�3.7 to�0.90, P = 0.001], as shown in Figure 6 indicating
that cachexic patients had lower OS than non-cachexic pa-
tients. Sensitivity analysis demonstrated that significant het-
erogeneity was present [I2 = 98.08%, P = 0.00], as shown in
(Supplemental Figure 6). To investigate the cause of this
significant heterogeneity, the leave-one-out method was em-
ployed, after which the values remained almost similar at-
2.34 ± 0.73 [95% CI, �3.7 to �0.90, P = 0.001].
(Supplemental Figure 7)

In the meta-regression analysis, we generated separate
scatter plots to investigate the relationship between OS and
country as well as age. Japan exhibited mixed and higher
coefficients, indicating its prominence as an inception country
for a greater number of studies. Conversely, the coefficient for
Taiwan was determined to be �2.74 ± 0.24 [95% CI
(�5.24 to �0.24)] with a two-sided (P = 0.0315) suggesting
significant correlation (Figure 7). Upon performing sensitivity
analysis, significant heterogeneity was found [I2 = 96.2%, P =
0.00] as shown in (Supplemental Figure 8). Regarding ages
64-79, the coefficient was calculated to be 0.03 ± 0.18 [95%
CI, �0.32 to 0.38, P = 0.856] as shown in (Figure 8), sug-
gesting an insignificant correlation between age and overall
survival. On conducting sensitivity analysis, significant het-
erogeneity was present among studies [I2 = 98.41%, P = 0.00]
(Supplemental Figure 9).

Discussion

The primary aim of this meta-analysis was to provide a
comprehensive overview of the impact of cancer cachexia on

first-line chemotherapy for patients with advanced pancreatic
cancer. This is particularly significant given the high mortality
rates associated with the disease, its detrimental effect on
quality of life, and the added burden on the health care system
resulting from treatment delays in cachexia patients when
compared to non-cachexia patients. Our study’s objective is to
summarize existing evidence in order to offer critical insights
that can inform clinical practice and support the development
of targeted interventions for this vulnerable patient population.

Overall, we found evidence from 7 studies that cachexia
significantly correlates with reduced overall survival, increased
likelihood of early chemotherapy failure, and elevatedmortality
rates compared to patients without cachexia. Significant het-
erogeneity was present among studies for the incidence of
cachexia, TTF, risk of mortality, and OS particularly.

A study described PC cachexia as a ‘three-dimensional
syndrome’ comprising the impact of tumours-related factors
on the body, the role of the pancreas in digestion (exocrine and
endocrine insufficiency), and the anatomical and physiolog-
ical association between the pancreas and other organs in the
gastrointestinal tract.14 The clinical course of patients un-
dergoing chemotherapy is less affected by sarcopenia than by
cachexia. Some of the studies in our analysis highlighted
nutritional parameters such as total protein and albumin and
inflammatory markers such as neutrophil-to-lymphocyte ratio
(NLR), serum C-reactive protein (CRP), and platelet-to-
lymphocyte ratio (PLR) as potential predictors of cachexia
in patients receiving chemotherapy.30,32 Furthermore, sys-
temic inflammation associated with cancer plays a pivotal role
in the onset and advancement of cachexia, whereas sarcopenia
is characterised by a lack of inflammation and potential re-
versibility.13 While our analysis showed no significant impact
of sarcopenia, unlike cachexia, another study investigated the
influence of sarcopenia on both OS and chemotherapy toxicity
in pancreatic cancer patients undergoing chemotherapy, re-
vealing a notable correlation.14

Overall, a significant correlation was observed between
cachexia and early chemotherapy failure. However, our
analysis also revealed considerable heterogeneity in early
treatment failure across the studies included. In particular, in
an investigation by Furuse,33 the FFX regimen demonstrated a
reduced TTF in cachexia patients compared to non-cachexia
patients, whereas no such dissimilarity was observed among
patients receiving the GnP regimen. This difference may be
attributed to the higher incidence of side effects such as severe
anorexia and diarrhea associated with FFX compared to GnP.
Patients with cachexia, weakened by their condition and as-
sociated side effects, have a reduced tolerance to
chemotherapy.34,35 Psychological distress induced by de-
pression and anxiety further influences treatment compliance
and responses.36,37

Cachexia can affect drug metabolism and pharmacoki-
netics, leading to either reduced drug efficacy or increased
toxicity.38,39 Growing evidence explains how certain che-
motherapeutic agents may play a role in the advancement of
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cachexia.40 Once chemotherapy-induced toxicity exacerbates
cachexia, chemotherapy failure ensues, creating a vicious
cycle. Therefore, ensuring the proper dosing of chemother-
apeutic agents is essential for treatment success.

A study by Hosokawa24 found no association between
weight loss at diagnosis and prognosis in patients with ad-
vanced pancreatic cancer treated with best supportive care or
chemotherapy. This is attributed to the finding that patients
who did not lose weight had better survival rates in the middle
of the observation period, regardless of whether they received
basic regular care or chemotherapy. However, in the early
period after diagnosis and after 1 year, the survival rates were
alike between the cachexia and non-cachexia patients. This
lack of difference may explain why the analysis yielded in-
significant results. Furthermore, the dosage of the chemo-
therapeutic agents used was adjusted according to each
patient’s requirements. As a result, the effects of these dosage
changes on the study outcomes were not broadly investigated,
contributing to the variation in result outcomes. In contrast, the
study by Hou31 stood out in terms of overall survival because
it included hemoglobin as an additional parameter. This in-
clusion played a significant role in measuring the decline in
overall survival among the patients. Hemoglobin and albumin
levels have been linked to a significant decrease in the survival

rate among patients with pancreatic cancer cachexia after
undergoing chemotherapy.22

Meta-regression was also performed. The absence of
significant findings in the meta-regression analysis regarding
age indicates that age did not substantially influence the
outcome observed across the studies included. Alongside this,
the meta-regression analysis between countries revealed a
significant difference, with Japan having more studies com-
pared to Taiwan. This discrepancy can be explained by the fact
that the majority of the studies included in our analysis were
conducted in Japan.

The global prevalence of cachexia, a debilitating condition
affecting approximately 1% of the population in industrialized
countries (North America, Europe, and Japan), is a growing
concern. This translates to around 9 million patients in these
regions.7 A deeper understanding of cachexia’s pathophysi-
ology is crucial for developing combination therapies, which
are urgently needed given the high mortality, poor symptom
status, and dismal quality of life associated with cachexia.
While some studies have suggested that cachexia can be
prevented by an oral drug called Anamorelin, it has shown
promising results in Japan in patients undergoing treatment for
colorectal cancer, small cell lung cancer and gastric
cancer.30,33 It modifies nutritional status among patients and

Table 2. Overall Results Summary.

No. of studies Variable Pooled Result 95% CI P value Heterogeneity (%)

Incidence of prevalence of cachexia 7 ER 0.45 0.27-0.65 P = 0.657 I2 = 98.13 P = 0.001
Incidence of prevalence of sarcopenia 3 ER 0.57 0.40-0.72 P = 0.418 I2 = 91.2 P = 0.001
Time to treatment failure 5 SMD �2.22 �2.6 to �1.7 P = 0.000 I2 = 78.15 P = 0.003
Cachexia as a risk factor for mortality 3 HR 2.02 1.17-3.48 P = 0.011 I2 = 45.39 P = 0.160
Overall survival 5 SMD �2.34 �3.7 to �0.90 P = 0.001 I2 = 98.08 P = 0.00

Figure 2. Forest plot demonstrating Incidence rate of cachexia.
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proves to be highly effective.33 Significance of exercise is
reducing muscle inflammation and improving cachexic
symptoms has also been noted in our extracted studies.23

Moreover NSAIDs, immunomodulatory agents, for instance
thalidomide and cyclooxygenase-2 inhibitors have benefited
patients from cancer cachexia.23 Cachexia along with other
factors can be highly complex condition to manage in ongoing
chemotherapy of cancer patients but multimodal therapy
regimen has shown to alleviate the symptoms.31

Future research should prioritize conducting RCTs to
validate the impact of cachexia on chemotherapy efficacy in
pancreatic cancer patients. Investigating various chemother-
apeutic regimens will enhance our understanding of optimal
treatment strategies for patients with cachexia, for example, a

clinical trial comparing GnP and FFX should be done, aiming
to investigate differences in treatment failure. Additionally,
trials should explore agents that can either prevent or palliate
cachexia, potentially improving patient outcomes and treat-
ment success. Such studies are crucial to developing com-
prehensive management protocols that integrate both anti-
cancer therapies and cachexia control.

Strengths and Limitations

To our knowledge, this meta-analysis represents the first at-
tempt to assess the impact of cancer cachexia on first-line
chemotherapy in patients with advanced pancreatic cancer.
However, it is essential to acknowledge the limitations of this

Figure 4. Forest plot illustrating the standardized difference in means for time to treatment failure between patients with cachexia and non-
cachexia.

Figure 3. Forest plot demonstrating Incidence rate of sarcopenia.
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study. Primarily, the majority of the studies included were
retrospective and single-centre in nature; therefore, selection
and recall biases regarding weight loss in the study may have
influenced the precision of the findings. The generalizability
of our findings is constrained by the limited availability of
detailed chemotherapy regimen and dose data, reported in
only 1 study. Additionally, chemotherapy treatment decisions
are tailored to individual patient profiles, varying protocols
can significantly influence survival prospects. A significant
gap in research exists, with a lack of observational studies
representing the Americas and other European countries.
Addressing this gap is essential to better understand the global
burden of cachexia and develop effective treatments across
diverse populations. Due to the limited availability of per-
formance status data (eg, ECOG or KPS) in the included

studies, we were unable to conduct a comprehensive analysis
on this variable. We recognize this as a limitation and rec-
ommend that future research explore the relationship between
performance status and cachexia to better understand its
impact on treatment outcomes. Additionally, the heterogeneity
among the studies, variations in patient populations, and
differences in treatment protocols could potentially introduce
bias and complicate the interpretation of our findings. Hence,
future research should focus on prospective, well-designed
studies to further elucidate the impact of cachexia and sar-
copenia on treatment outcomes in elderly patients with pan-
creatic cancer. Furthermore, the absence of RCTs in our study
warrants careful consideration to minimize bias and effec-
tively assess the factors. Moreover, although it widely ex-
plores various outcomes in a substantial number of patients,

Figure 5. Forest plot illustrating mortality hazard ratio between Cachexia and Non cachexia.

Figure 6. Forest plot illustrating Overall survival for Cachexia and Non-cachexia.
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Figure 7. Scatter plot demostrating Meta-Regression for overall survival against country of origin.

Figure 8. Scatter plot demonstrating Meta-regression for overall survival according to age.
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the disparity in the number of cachexia patients compared to
non-cachexia patients may limit the full representation of
cachexia in our analysis.

Conclusion

Our meta-analysis concludes that cachexia is significantly
associated with lower overall survival, early chemotherapy
failure, and higher mortality compared to non-cachexia pa-
tients. Although our review includes data primarily from East
Asian countries and the UK, suggesting that while results
might not be universally generalizable, variations across
different regions are likely to be minimal. Therefore, recog-
nizing and addressing cachexia as an important factor in
advanced pancreatic cancer management is fundamental for
improving treatment effectiveness and enhancing overall
survival. Hence, with timely identification, these patients
could receive suitable interventions, thereby enhancing their
ability to adhere to planned chemotherapy and improving its
effectiveness.
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