Luo et al. BMC Cancer (2023) 23:127 BMC Ca ncer
https://doi.org/10.1186/512885-023-10582-2

: : ®
Sarcopenia as a risk factor hml

of progression-free survival in patients
with metastases: a systematic review
and meta-analysis

Lingli Luo'T, Xiangru Shen?!, Shuai Fangz*, Teng Wan?, Pan Liu?, Peiling Li%, Haifeng Tan?, Yong Fu®,
Weiming Guo®" and Xiaojun Tang®"

Abstract

Background Metastasis of cancer causes more than 90% of cancer deaths and is severely damaging to human
health. In recent years, several studies have linked sarcopenia to shorter survival in patients with metastatic cancer.
Several predictive models exist to predict mortality in patients with metastatic cancer, but have reported limited
accuracy.

Methods We systematically searched Medline, EMBASE, and the Cochrane Library for articles published on or before
October 14, 2022. Pooled Hazard Ratio (HR) estimates with 95% confidence intervals (Cls) were calculated using a
random effects model. The primary outcome was an increased risk of death or tumor progression in patients with
metastatic cancer, which is expressed as progression-free survival (PFS). In addition, we performed subgroup analyses
and leave-one-out sensitivity analyses to explore the main sources of heterogeneity and the stability of the results.

Results Sixteen retrospective cohort studies with 1,675 patients were included in the 888 papers screened. The
results showed that sarcopenia was associated with lower progression-free survival (HR=1.56, 95% Cl=1.19-2.03,
12=76.3%, P<0.001). This result was further confirmed by trim-and-fill procedures and leave-one-out sensitivity
analysis.

Conclusions This study suggests that sarcopenia may be a risk factor for reduced progression-free survival in patients
with metastatic cancer. Further studies are still needed to explain the reason for this high heterogeneity in outcome.

Trial registration CRD42022325910.
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Background

Sarcopenia, from the Greek word "sarx" meaning "meat”
and "penia" meaning loss, was first defined by Rosenberg
in 1988 [1]. It is defined as a progressive, systemic skel-
etal muscle disease involving progressive and systemic
loss of skeletal muscle mass and function [2, 3]. Sarcope-
nia is associated with a variety of diseases, including but
not limited to natural aging, functional, metabolic and
immune disorders, increased muscle catabolism due to
cancer, and toxicity of anti-cancer treatments [2, 4, 5].
Previous studies have often confused cachexia with sar-
copenia, a syndrome of weight loss and reduced muscle
mass, and have been associated with poor prognosis [6,
7]. However, recent studies have shown that cachexia
and sarcopenia represent different aspects of the muscle
wasting spectrum [8, 9]. Approximately 15-50% of can-
cer patients with weight loss are sarcopenic rather than
cachectic [10]. With regard to the prognosis of cancer
patients, the U.S. Food and Drug Administration’s criteria
for the effectiveness of cancer drug trials are whether the
survival of cancer patients is prolonged and whether clin-
ical symptoms improve after treatment [11]. Although
overall survival (OS) is the gold standard for evaluating
clinical outcomes, the use of overall survival as a prog-
nostic criterion for cancer patients may be biased. Pos-
sible reasons include the non-single nature of treatment
for cancer patients from onset to end of life, the combi-
nation of other basic diseases and the use of other drugs
during the course of the disease [12, 13]. Therefore, pro-
gression-free survival of tumor patients in clinical studies
can be a better proxy for overall survival [14]. Progres-
sion-free survival is defined as the time from the time
when a patient is randomly enrolled to the time when
the patient is first proved to have tumor progression or
death without tumor progression. It allows the trial data
to be obtained over a relatively short follow-up period
compared to OS as the trial endpoint. Progression-free
survival to be the endpoint reduces the impact of subse-
quent treatments and is usually based on results obtained
from objective and quantitative evaluations [15].

Many studies have been conducted to assess the pre-
dictive roles of sarcopenia in the occurrence of adverse
events in cancer patients. Current systematic review
suggests that sarcopenia negatively affects prognostic
outcomes of cancer patients in terms of survival, physi-
cal activity, length of hospital stay and other complica-
tions [16—22]. However, we found that current studies
were limited to specific primary tumors or site-specific
metastatic cancers [23—25]. While sarcopenia as a sys-
temic disease, we hypothesize that it is closely associ-
ated with the prognosis of multiple metastatic cancers.
Metastasis causes greater than 90% of cancer death.
Unlike primary tumors, which can often be cured using
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local surgery or radiation, metastasis is a systemic dis-
ease [26]. There is still controversy regarding the impact
of sarcopenia on the prognosis and survival of patients
with metastatic cancer. In the Lee et al. study, sarcope-
nia was not considered to be a potential factor in the
patients’ reduced PFS, which contradicts the findings
of several other similar studies [27-29]. Therefore, to
elucidate whether sarcopenia and progression-free
survival have a potential relationship in patients with
metastatic cancer, we performed a systematic review
and meta-analysis of studies focusing on the relation-
ship between sarcopenia and progression-free survival
in patients with metastatic cancer.

Methods

Standard protocol approvals

This systematic review was conducted based on a prede-
fined protocol and in accordance with Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses
(PRISMA) [30] and Meta-analysis of Observational Stud-
ies in Epidemiology (MOOSE) recommendations [31].
The review protocol was registered in PROSPERO with
the registration unique identifying number (UIN) of
CRD42022325910.

Search strategy and selection criteria

Databases of Medline, Embase and Cochrane Cen-
tral Register of Controlled Trials were systematically
searched from inception to October 14, 2022 by two
independent investigators (MZ and XS) without language
or time restrictions. We used MeSH (for Medline and
Cochrane)/Emtree (for Embase) terms combined with
free-text words (including synonyms and closely related
words) that were associated with metastases and sarco-
penia.The detailed search strategy and specific terms
were used, which were searched as free text words and
as MeSH/Entrée terms without language restrictions.
In addition, we also performed manual reference check
of relevant articles, meta-analyses, reviews, and meet-
ing abstracts. When two or more articles used the same
cohort data, we preferred the most up-to-date ones with
full-text information available. We perform study selec-
tion by a series of consecutive stages including duplicate
checking using Endnote software, titles and abstracts
screening, full-text article selection according to the eli-
gibility criteria. These processes were conducted inde-
pendently by two investigators (XS and TW). Conflicts
were handled by consensus, and an adjudicator (WQG)
was consulted when necessary. If different opinions were
encountered, senior experts would be consulted (SF or
YE).
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Eligibility criteria

Studies were considered appropriate and were included
in the analysis if they satisfied the following established
inclusion criteria. [1] prospective or retrospective pop-
ulation-based cohort study design; [2] participants:
Patients diagnosed with metastatic cancer, with or with-
out sarcopenia. Sarcopenia was diagnosed according to
the criteria given by EWGSOP in 2019 [2, 32]; [3] out-
come: progression-free survival; [4] the measure of
association: hazard ratio (HR) and corresponding 95%
CIs provided from the original studies or having related
data that could be used to calculate the risk ratios. We
excluded hospital-based on community-based obser-
vational studies and those providing inadequate data to
generate risk ratio for the association between sarcopenia
and metastases.

Study selection, data collection, and data extraction

Two investigators (XS and TW) independently read
through, screened, extracted data from the included
studies, and filled in the pre-designed data extraction
excel forms. If there were any discrepancies, we would
consult a third senior investigator (WG) until a consen-
sus was reached. The following study characteristics were
abstracted including study author, publication year, study
design, study period, geographical region, observation
period, population characteristics and age at cancer diag-
nosis, main treatment, measurements and definitions of
sarcopenia, original cancer type, metastatic site of cancer
and outcome.

Quality assessment

The methodological quality for the included studies was
evaluated using the Newcastle—Ottawa scale (NOS) [33]
tool. It evaluates the cohort study through three modules
and eight items in total, specifically, it includes the selec-
tion, comparability, and exposure/outcome evaluation
of the study.. NOS uses the semi-quantitative principle
of the star system to evaluate the quality of literature.
Except for the maximum of 2 stars for comparability, the
other items can be evaluated up to 1 star, with a full score
of 9 stars. The higher the score, the higher the research
quality.

Statistical analysis

All statistical analyses were performed using Stata statis-
tical software (version 15.1). The primary outcome was
the PFS, defined as the length of time during and after
the treatment of cancer, that a patient lives with the dis-
ease but the disease does not get worse. We applied the
DerSimonian and Laird random effects meta-analysis
to pool HRs along with the corresponding 95% Cls due
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to the anticipated substantial heterogeneity in terms
of the enrolled populations [34]. To meta-analyze the
HRs of PFS, we converted reported HRs to log HRs and
used a generalized inverse variance method with a ran-
dom effects model combining data. Results are reported
with both effect estimates and 95% Cls. We used the I
statistic to assess heterogeneity between studies, with I?
values >50% indicating significant heterogeneity [35].
To explore the sources of heterogeneity, we carried out
a series of subgroup analyses based on geographical
regions (Europe and Asia), gender (male or female), origi-
nal cancer type, variable analysis type of HR value (uni-
variate vs multivariate), and methodological quality (low
or high). Sensitivity analysis was performed by applying
the leave-one-out method. Trim-and-fill technique is a
simple funnel-plot-based method of testing and adjust-
ing for publication bias in meta-analysis. funnel plot was
used to detect publication bias in studies reporting over-
all survival, with a P-value<0.1 indicating a significant
difference [36].

Results

Literature search and study characteristics

The initial literature search identified a total of 888 cita-
tions. After duplication removal, 756 studies remained
for title and abstract review. During this process, we
excluded 688 irrelevant citations and 68 potentially rel-
evant studies were selected for full-text review. Due to
non-population-based cohorts, reviews, meta-analyses
or no outcome data reported, 16 studies [27-29, 37-49]
involving 1,675 participants satisfied the inclusion cri-
teria and were eligible to be included in the final meta-
analysis (Fig. 1).

Table 1 presents the baseline characteristics of the
included studies. Among the studies published between
20 16 and 2022, 8 studies [27-29, 37, 40, 42, 45, 46] were
from Asia, 7 studies [39, 41, 43, 44, 47-49] were from
Europe and a separate study [38] from Brazil. All of the
studies were retrospective cohort, and 68.75% of the
included studies (11/16) were of high quality with an
NOS score of > 7). The sample size of the included stud-
ies ranged from 29 to 353 participants. Original cancer
type included hormone-sensitive prostate cancer, renal
cell carcinoma, head cancer, lung cancer, renal cell can-
cer, bladder cancer, colorectal cancer, gastrointestinal
stromal tumor, esophago—gastric junction cancer, proxi-
mal gastric cancer, distal gastric cancer, thyroid cancer,
upper tract urothelial carcinoma, bile duct cancer, amp-
ullary cancer, breast cancer and pancreatic cancer. 14
studies used the L3 skeletal muscle index (L3-SMI) to
measure sarcopenia, 1 study used L3 psoas muscle index
(L3-PMI) and 1 study used the total psoas area index
(TPI). L3-SMI meant measuring the cross-section area
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Fig. 1 The flow chart of the literature selection

of skeletal muscles (cm?) at L3 disc space divided by the
square of the height of the patient (m?), the muscles are
mainly the psoas major, and also include erector spinae,
quadratus lumborum, transversus abdominis, external
and internal oblique, and rectus abdominis muscles, for
L3-PMI, the muscle is only the psoas; TPI meant meas-
uring the total area of psoas area (cm?) divided by the
square of the height of the patient (m?). For groups used
L3-SMI, sarcopenia was defined as L3-SMI<41 cm?/
m? in women, <43 cm?/m? in men with BMI<25 kg/mz,
and <53 cm?/m? in men with BMI > 25 kg/ m% For group
used L3-PMI, sarcopenia was defined as L3-PMI<6.36
cm?/m? for men and<3.92 cm?/m? for women; For
group used TPI, sarcopenia was defined as TPI<5.73
cm?/m? for men and < 4.37 cm?/m? for women.

Methodological quality (risk of bias)

Using the NOS tool for cohort studies, a total of 5 studies
[37, 40, 42, 44, 48] had a high risk of bias, with each study
having 2 to 3 possible sources of bias, bias was most com-
mon in adequacy of follow-up. A total of 9 scores were
assigned to 9 item questions, and a score of less than 7
was defined as high risk of bias (Table 2).

Associations between sarcopenia and the risk of poor PFS
When we meta-analyzed the 16 studies, the results
showed that the pooled HR of progression-free survival

reached 1.56 (95% CI=1.19-2.03) in all site cancer sur-
vivors compared with noncancer controls. Heterogeneity
among studies was high (I12="76.3%; P<0.001) (Fig. 2).

Subgroup analysis

In the subgroup analysis, we found that the risk of
reduced PFS was significant in two subgroups: the Asian
population (HR 1.98, 1.18-3.31, I*=83.6%) and the study
with low risk of bias (HR 1.56, 1.10-2.21, I2=77.1%).
In addition, subgroup analysis did not show a signifi-
cant correlation between patient gender and lower PFS
(Table 3). For specific cancer sites, we noted a signifi-
cant correlation between lower PFS and urologic cancer
(HR 1.57, 1.02-2.41, I>=7.3%), endocrine gland cancer
(HR2.16, 1.36-3.43, *=0). After observing and catego-
rizing the gastrointestinal cancer subgroup, we found
that colorectal cancer (HR 1.55, 1.18-2.04, 12=79.9%)
was significantly associated with lower PFS, while gas-
tric cancer did not show an increased risk of lower PES.
Interestingly, in the analysis of variable types, we found
that the results obtained from univariate variables were
contrary to the unified results (HR 0.84, 0.70 to 0.98,
=50.9). In addition, the heterogeneity of the results
obtained from multivariate variables also decreased (HR
1.01, 0.81 to 1.22, *=57.8), This suggests that the data
type of the original article may be the cause of the high
heterogeneity (Table 3).
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%

Study ID HR (95% CI) Weight

i
Lee, B. M. (2020) . : 0.75 (0.61, 0.93) 8.88
Haik (2021) . i 0.80 (0.60, 1.05) 851
Catanese (2021) — 0.83(0.53, 1.32) 7.38
Palleschi (2022) —4% 0.98 (0.47, 2.03) 5.52
Gu (2017) —H%— 1.43(0.88, 2.31) 7.20
Malik (2021) S 1.47 (0.88, 2.50) 6.92
Gallois (2021) —0:— 1.50 (1.00, 2.20) 7.81
da Cunha (2019) . 1.78 (1.00, 3.14) 6.58
Williet (2021) —:uo— 2,04 (1.18, 3.53) 6.74
Chang (2021) —%—o— 2.33 (1.25, 4.35) 6.23
Yamazaki (2020) — 2.49 (1.06, 5.85) 4.80
Franzoi (2020) —%—o— 2.52 (1.02, 6.19) 455
Ishihara (2016) —_—— 2.54 (1.19, 5.65) 524
Lee, C. H. (2021) Fo— 2.62 (1.47, 4.66) 6.54
Shimizu, T (2020) ﬁ:—o— 2.79 (1.14, 7.32) 4.41
Lee, J. H. (2021) . - 3.77 (0.95, 14.99) 2.69
Overall (I-squared = 76.3%, p = 0.000) E 1.56 (1.19, 2.03) 100.00

1
NOTE: Weights are from random effects analysis 3

06]67 1 1|5

Fig. 2 Hazard risk (HR) for association of sarcopenia with decrease of progression-free survival in patients with metastases

Table 3 Subgroup analyses for the effect of sarcopenia on PFS in patients with metastases

Variables HR 95% Cl 12 (%) No. studies P for interaction
Regions <0.001
Asia 1.98 11810 3.31 83.6 8
Europe 1.25 09110173 66.9 7
Gender <0.001
Female <50% 1.53 1.12t0 2.11 79.8 12
Female > 50% 161 110233 214 4
Original cancer type <0.001
Gastrointestinal 1.28 0.87t0 1.89 79.9 6
Urologic 1.57 1.02to 241 7.3 5
Endocrine Gland 2.16 1.36t0343 0 2
Breast 1.51 0.60 to 3.80 0 2
Quality assessment <0.001
Low risk of bias 1.56 1.10t0 2.21 77.1 11
High risk of bias 1.59 09610 2.62 79.2 5
Type of HR <0001
Univariate 0.84 0.70t0 0.98 509 6
Multivariate 1.01 0.81to1.22 57.8 10

Sensitivity analyses and publication bias

Sensitivity analyses were performed using the leave-one-
out method to further examine the stability of the result.
We found some studies that significantly changed the
pooled HR (lowest HR 1.19, 0.92—1.47; highest HR 1.41,
1.07-1.76), and after a careful reading of the included

articles and excluding one low-quality study, we obtained
robust results (lowest HR 1.36, 1.01-1.70; highest HR
1.58, 1.15-2.00) [44]. Visual inspection of the funnel plot
for the outcome revealed asymmetry, indicating potential
evidence of publication bias. Both Begg’s test (p=0.027)
and Egger’s test (p<0.001) were significant, therefore
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publication bias is likely to be the underlying cause of
asymmetry. Trim-and-fill technique adjusted for publi-
cation bias, found funnel plot region contained only two
potentially missing studies, but all were located at the
bottom of the funnel plot [50]. After adjusting for pub-
lication bias, HR=1.472, 95% CI 1.140-1.901, which is
consistent with our previous results, indicating that our
results are still reliable (Fig. 3) (Table 4).

Discussion

Principal findings

This systematic review and meta-analysis of 16 popula-
tion-based cohort studies demonstrated a statistically
significant increased risk of reduced PFS in metastatic
cancer patients with concomitant sarcopenia compared
with non-sarcopenic patients, with results remaining
consistent after adjusting for potential publication bias.
Furthermore, our results suggest that sarcopenia has a
stronger contribution to worsening PFS in Asian popula-
tions, a finding that is stable in high-quality studies. Our
findings regarding the association between sarcopenia
and the risk of worsening PFS in patients with metastatic
cancer are consistent with a systematic review and mul-
tiple clinical studies, all of which suggest that patients
with sarcopenia have a risk of worsening PFS [48, 51, 52].
However, the results of most of these studies were from
cohorts with high limitations. These studies were limited
to specific cancer types and cancer patients treated with
chemotherapy or radiation (e.g., patients with metastatic
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Table 4 Subgroup analyses for Gastrointestinal Neoplasms

Cancer type HR 95% Cl 12 (%) No. studies
Colorectal 1.55 1.18t0 2.04 0 3
Gastric 1.36 04910 3.74 85.5 2

renal cell carcinoma treated with cabozantinib). To our
knowledge, this study is one of the few studies involving a
representative population of multiple cancer types, with
meta-analysis and systematic review from high-quality
population-based cohort studies, rather than previous
individual or narrative studies.

Potential mechanisms

Originally used to describe the loss of muscle mass with
age, the European Working Group on Sarcopenia in
Older People (EWGSOP) has recently defined sarcope-
nia to include impaired muscle strength and poor physi-
cal performance [2]. Previously, most people considered
sarcopenia as an inevitable part of aging. However, the
degree of sarcopenia is highly variable and depends on
the presence of certain risk factors, such as lack of exer-
cise, age-related decreases in hormone concentrations
and cytokine imbalances, decreased ability to synthe-
size proteins, failure of satellite cell activation, potential
effects of microRNA, oxidative stress due to chronic dis-
eases, etc. [53—-57]. There are two broad types of sarcope-
nias, primary sarcopenia caused by aging and secondary
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Fig. 3 Funnel plots assessing the potential impact of publication bias
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sarcopenia mainly caused by malignancy [58]. In can-
cer patients, the adverse effects of sarcopenia include
increased susceptibility to adverse events, increased
complications from cancer surgery and chemotherapy
toxicity, and difficulty in pursuing further cancer-directed
therapy [59]. Sarcopenia is characterized by a decrease
in both muscle strength and mass, and therefore may
increase the risk of falls and fractures in older adults [60,
61]. In addition, decreased muscle function can affect
swallowing and breathing, which can aggravate or cause
respiratory disease [62]. At the same time, we note that
sarcopenia may interact with certain underlying diseases
in patients, leading to a poor prognosis. In one study, it
was confirmed that patients with COPD are often associ-
ated with sarcopenia and negatively affect important clin-
ical outcomes [63]. For the heart, sarcopenia is thought
to be closely associated with heart failure (HF) [64]. Sar-
copenia may promote HF development through different
mechanisms, including pathological ergoreflex [64, 65].
At the same time, HF may induce sarcopenia through
multiple pathways, such as hormonal changes, poor
nutrition, lack of exercise and etc. Therefore, early identi-
fication and intervention for the basic diseases in patients
with metastatic cancer may be necessary in the future.

It is now generally accepted that chemotherapy is also
a cause of sarcopenia in cancer patients [66—68]. How-
ever, the relationship between the two is equally complex.
One study found that patients with metastatic colorec-
tal cancer (mCRC) had a significant reduction in mus-
cle area during chemotherapy, and the rate of muscle
loss observed in the study was 24 times faster than the
normal rate of muscle loss (1% per year) [69]. Another
study of adjuvant chemotherapy in patients with colon
cancer found that baseline sarcopenia was associated
with an increased incidence of all grade 3—4 chemother-
apy-induced toxicities [70]. In addition, in patients with
colon, lung, esophageal, gastric, and other types of can-
cer, mortality increases and progression-free survival
decreases after chemotherapy, even if patients with sar-
copenia do not exhibit lower overall survival [70-73].
The current explanation for this phenomenon is that
patients with sarcopenia are forced to reduce doses or
delay dosing cycles due to excessive toxicity to oncology
treatment [74]. It is common practice to base chemother-
apy on the body surface area of each patient, without tak-
ing into account the large and unpredictable fraction of
body weight accounted for by adipose tissue [75]. A large
amount of evidence shows that this method fails espe-
cially in patients with sarcopenia, and the related toxic-
ity risks cannot be solved [76-78]. Obviously, although
some physiological constants may be related to body sur-
face area, they are not related to other anthropometric
parameters, such as body mass index. Besides, sarcopenia
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also reduces the effective effect of chemotherapy. Studies
have shown that among breast cancer patients with sar-
copenia, many chemotherapeutic drugs such as capecit-
abine, paclitaxel, docetaxel, and nab-paclitaxel have poor
effects [74, 79]. The reasonable explanation may be that
the adverse outcome may be related to the high toxicity
rate, which in turn may lead to the necessary dose reduc-
tion and the provision of effective tumor treatment at a
lower dose, thus reducing the therapeutic benefit [80]. To
sum up, cancer patients are prone to sarcopenia before
and after chemotherapy, and sarcopenia occurring or
aggravated during chemotherapy will worsen the prog-
nosis and aggravate the toxicity caused by chemother-
apy. Therefore, chemotherapy cycles and doses need to
be carefully set based on drug toxicity and therapeutic
effects.

In our study, we found that the risk of sarcopenia and
reduced PFS was not significant in the European popula-
tion. It was found that, with the exception of the study of
Haik, the remaining studies that showed unstable results
were low risk of bias studies, and sensitivity analysis also
yielded relatively stable results after excluding this study
[44]. All patients in this study were from a single hospi-
tal cohort and did not target a specific cancer, but rather
included multiple cancers. In addition, this study was
the only cohort to use immune checkpoint therapy on
patients, which has relatively few side effects. Other stud-
ies have commonly used chemotherapy, and patients may
have been treated with the previously described, mutu-
ally reinforcing effect of sarcopenia and chemotherapy
toxicity, but this was not a problem in immunotherapy.
This could be a potential reason why this research con-
cluded that sarcopenia was not significantly associated
with PFES. Several studies have now demonstrated that
cancer patients treated with immune checkpoint inhibi-
tors alone or in combination with chemotherapy have
significantly improved survival compared to chemo-
therapy alone [81-83]. Whether immunotherapy exerts
a better improvement in PFS in patients with sarcopenia
needs to be further explored in more clinical studies.

Implications

This meta-analysis provided important future clinical
implications for the risk of worsening PFS in metastatic
cancer patients with concomitant sarcopenia, yielding
an approximate risk estimate with an HR of 1.56 (95%
CI=1.19-2.03) for PFS. Early screening and effective
interventions are clinically important in the prevention
and treatment of sarcopenia. Second, optimal strategies
for prevention and management of sarcopenia have not
been established due to the widespread neglect of sarco-
penia in cancer. Due to the lack of reliable clinical data
to guide clinicians, physicians may consider the use of
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specific treatment options based on the history of adju-
vant therapy (e.g., chemotherapy or radiation therapy),
baseline information, etc., in cancer patients. In addition,
screening and treatment of individuals at high risk for
stroke has implications for the prevention of sarcopenia
and for reducing the burden of sarcopenia in the general
elderly population.

Strengths and limitations

The current study has several advantages in the follow-
ing aspects. First, the current systematic evaluation and
meta-analysis includes a more representative popula-
tion in the relevant field, providing up-to-date evidence
on the association between the risk of worsening PES in
metastatic cancer patients with concomitant sarcopenia.
Second, we developed a systematic and comprehensive
database search strategy based on the major online data-
bases (Medline, Embase, and Cochrane Library) with
no search date restrictions so that we could retrieve as
many relevant articles from around the world as pos-
sible, avoiding publication bias on pooled results and
improving the reproducibility of results. Third, almost
all included studies were from national cohorts or pop-
ulation-based cohorts, thus minimizing potential selec-
tion bias stemming from study design. In addition, a
transparent methodological quality assessment of the
included studies was performed using the NOS list for
cohort studies. Fourth, several methods, including sub-
group analysis and sensitivity analysis, have been applied
to thoroughly identify sources of heterogeneity based on
abstract study-level baseline characteristics. In these sen-
sitivity analyses, after excluding one low-quality study,
our results remained stable and Egger’s test combined
with the cut-and-patch method found no evidence of
publication bias.

This study also has some limitations. First, signifi-
cant heterogeneity was found in the included studies,
which was predictable and may be partly due to differ-
ences in baseline characteristics of the population (sex,
race, tumor primary site and metastatic site, etc.), expo-
sure to treatment (adjuvant chemotherapy, radiation
therapy, or hormonal therapy), and statistical methods
(adjustment for confounders). Although several meth-
ods were applied to adjust for outcomes, considerable
moderate to high heterogeneity remained. After careful
study, we concluded that irregularities in PFS can intro-
duce bias in the results, mainly due to differences in the
interval between patient follow-up after treatment. For
PES, PES is susceptible to the influence of the follow-up
interval because the exact time point at which a patient
progresses is uncertain. Different follow-up intervals
may lead to highly variable trial results. For example, if
patients are asked to follow up every 3 months, assuming
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a high degree of patient compliance, and if patients in
the trial group have a prolonged survival of less than
3 months compared to the control group, it cannot be
concluded that the trial group is better than the control
group because tumor progression in both groups will be
detected at the same review every 3 months, then PFS is
recorded as No difference. In a more extreme case, if the
tumor is reviewed every 3 months after treatment, and
the tumor is determined to be progression-free at the
first post-treatment review (3 months) in the trial group,
but progression appears soon after the review (much less
than 3 months, or even days) but is not detected, while
tumor progression is detected at the first post-treatment
review (nearly 3 months) in the control group, the differ-
ence in progression-free survival between the two groups
is considered to be 3 months, while the true difference
between the two groups is close to 0. The true difference
is close to 0, which would result in a 3-month bias. Such
differences can occur not only within studies, but also
between studies due to inconsistent PFS intervals, and
the shorter the follow-up interval for patients, the more
reliable their trial results. This inference is supported by
the fact that most of our studies did not mention the fol-
low-up interval and that those that reported this element
were at low risk of bias and had a higher degree of con-
fidence, as other investigators have also mentioned this
directly or indirectly [84]. However, given that the results
of most subgroup analyses and sensitivity analyses were
highly consistent with the primary outcome, we believe
that the impact of these heterogeneities on the primary
outcome of the study is limited. Second, the results of this
meta-analysis are based on observational cohort studies,
which may be limited by confounding factors such as
patient gender, adjuvant treatment modality, and follow-
up interval. However, all included studies provided data
comparing sarcopenic and non-sarcopenic populations
and matched with a number of important covariates sug-
gesting a consistently increased risk of worsening PFS
in sarcopenic patients. Third, because our study was a
single-study-level meta-analysis rather than an individ-
ual patient-level meta-analysis, we were unable to per-
form more detailed subgroup analyses (e.g., risk analyses
based on events during cancer survival and follow-up)
and were unable to explore progressive sarcopenia that
occurred during follow-up. Fourth, some subgroup anal-
yses found nonsignificant results, which we believe may
be due to the relatively small sample size and low statisti-
cal efficacy. More evidence from high-quality prospective
cohort studies on the impact of sarcopenia on the risk of
death or progression in patients with metastatic cancer is
needed. Finally, the meta-analysis was limited to studies
published in peer-reviewed journals in English. We may
have missed articles published in other languages or in
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journals outside of the three databases we searched. In
addition, unpublished gray literature was not included.
However, three major databases, Medline, Embase, and
the Cochrane Library, published the vast majority of
available reports. Despite these limitations, the current
study includes the vast majority of cancer types, which
provides a largely adequate sample size for meaningful
and robust statistical analyses.

Conclusions

In this article, we performed a systematic evaluation and
meta-analysis of sarcopenia in metastatic cancer patients.
The results suggest that sarcopenia might be an indicator
of reduced progression-free survival in metastatic cancer
patients. However, there is still a need to conduct larger
prospective cohort studies to confirm the conclusion.
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