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Abstract
Purpose  The impact of epidermal growth factor receptor (EGFR) tyrosine kinase inhibitors (TKIs) on muscle mass 
in individuals with advanced lung cancer has yet to be fully delineated. This study aimed to examine the dynamics 
of skeletal muscle mass during EGFR-TKIs targeted therapy, elucidate its clinical relevance, and explore the potential 
mechanisms.

Methods  We retrospectively recruited 104 patients with EGFR-mutant advanced lung adenocarcinoma who received 
icotinib or afatinib as first-line treatment. Skeletal muscle changes were assessed by abdominal CT obtained before 
and during treatment with EGFR-TKIs. The mean interval (± SD) between two CT scans was 109 days (± 16 days). 
Targeted panel sequencing of tumor tissue was used to detect genetic alterations. Functional enrichment analysis of 
genes interacting with EGFR-TKIs and muscle loss was performed to elucidate the potential toxicological mechanisms.

Results  A total of 42 (40.4%) patients experienced muscle loss during targeted therapy. Genetic analysis indicated 
muscle loss group had a higher proportion of MDM2 amplification and PIK3CA alterations (p = 0.011 & p = 0.045, 
respectively).Patients with baseline low muscle density and experienced ≥ Grade 2 diarrhea had higher rate of muscle 
loss (p = 0.005 & p < 0.001, respectively). Multivariate analysis revealed that muscle loss was independently associated 
with shorter PFS (hazard ratio [HR] 1.86, 95% confidence interval [CI]: 1.09 ∼ 3.18; p = 0.023). Besides, we found genes 
associated with icotinib, afatinib and muscle loss were significantly enriched in MAPK signaling pathway and calcium 
signaling pathway.

Conclusions  This study highlights the high prevalence and detrimental impact of muscle loss during EGFR-TKIs 
treatment.
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Introduction
Sarcopenia is highly prevalent in cancer patients and 
independently associated with poor survival and treat-
ment tolerance [1, 2]. Furthermore, sarcopenia nega-
tively affects physical function and global quality of life 
in non-small cell lung cancer (NSCLC) patients [3]. Con-
sequently, alleviating sarcopenia during treatment is also 
important for cancer patients. However, skeletal muscle 
loss during anti-cancer treatment is under-recognized 
and poorly managed in routine clinical practice. Body 
weight loss and body mass index (BMI) do not adequately 
capture changes in body composition that may occur 
much earlier [4, 5]. Therefore, enhancing the evaluation 
of skeletal muscle mass in lung cancer patients is war-
ranted [6].

Significant skeletal muscle loss was prevalent during 
chemotherapy in advanced lung cancer patients [7, 8]. 
Epidermal growth factor receptor (EGFR) tyrosine kinase 
inhibitors (TKIs) had shown higher response rate, longer 
survival and lower toxicity profiles compared with tradi-
tional platinum doublets chemotherapy in patients with 
EGFR mutation-positive advanced NSCLC [9–12]. Given 
the extended progression-free survival (PFS) associ-
ated with EGFR-TKIs therapy, there may exist a window 
of opportunity to alleviate sarcopenia in patients with 
advanced NSCLC.

Currently, there is limited knowledge about changes 
in skeletal muscle mass during first-line treatment with 
EGFR-TKIs in advanced NSCLC patients. This study 
aimed to examine the dynamics of skeletal muscle mass 
during EGFR-TKIs targeted therapy, clarify its clinical 
significance, and explore the potential mechanisms.

Methods
Patient selection
We retrospectively collected data on 104 consecutive 
advanced lung adenocarcinoma patients with EGFR 
mutations who underwent abdominal CT scans before 
and during first-line treatment with EGFR-TKIs (first-
generation EGFR-TKI icotinib or second-generation 
EGFR-TKI afatinib) between December 2016 and 
December 2020 at Beijing Hospital/National Center of 
Gerontology. The patients initially received either ico-
tinib 125  mg three times daily or afatinib 40  mg once 
daily orally. EGFR mutation detection was performed 
using either the amplification refractory mutation system 
(ARMS) method or next-generation sequencing (NGS) 
approach.

Patients’ medical records were reviewed to collect 
baseline characteristics, tolerance, and efficacy of EGFR-
TKIs. The tumor response was classified according to the 
Response Evaluation Criteria in Solid Tumors (RECIST) 
version 1.1. The incidence and severity of adverse events 
were evaluated based on Common Terminology Criteria 

for Adverse Events (CTCAE; version 5.0). The perfor-
mance status was assessed using the Eastern Cooperative 
Oncology Group performance status (ECOG PS). The 
Charlson Comorbidity Index (CCI), which incorporates 
19 chronic diseases weighted according to their associa-
tion with mortality, was calculated for each patient. BMI 
was calculated using the formula weight/height2 (kg/m2) 
obtained from the patients’ data at diagnosis. The patients 
were categorized into underweight (BMI < 18.5  kg/m2), 
normal range (BMI: 18.5 ∼ 22.9  kg/m2), and overweight 
(BMI ≥ 23 kg/m2) according to the World Health Organi-
zation (WHO) classification of weight by BMI for adult 
Asians. Nutritional risk screening 2002(NRS 2002) was 
used to evaluate nutritional risk. Patients were classified 
into the nutritional risk group (NRS 2002 score ≥ 3) and 
the non-nutritional risk group (NRS 2002 score < 3).

Skeletal muscle measurement
Skeletal muscle mass was calculated from routine 
abdominal CT scans performed for diagnosis and 
response evaluation using OsiriX software (Lite version 
12.0.1, Pixmeo, Geneva, Switzerland) (Fig.  1) [13]. This 
study utilized CT scans at two distinct time points: (1) 
at baseline, which was 30 days prior to the initiation of 
EGFR-TKI treatment, and (2) during the course of EGFR-
TKI therapy. The mean interval (± standard deviation 
[SD]) between the two CT scans was 109 days (± 16 days). 
The CT imaging parameters included contrast-enhanced 
or unenhanced scans with a 5-mm slice thickness and 
120 kVp.

The skeletal muscle area (SMA) at the L3 region, which 
includes the psoas, paraspinal, and abdominal wall mus-
cles with both transverse processes visible, was measured 
as it has been shown to correlate best with whole-body 
skeletal muscle mass [14]. The structures of these spe-
cific muscles were quantified using a pre-established 
Hounsfield Unit (HU) range of -29 to 150 HU [15]. Any 
structures other than the skeletal muscles that were auto-
matically marked were eliminated through manual cor-
rections. The SMA was normalized for height (m²) and 
reported as the skeletal muscle index (SMI; cm²/m²). Low 
skeletal muscle mass was defined as SMI < 38.5  cm²/m² 
for women and < 52.4  cm²/m² for men based on previ-
ous studies [16]. The mean muscle attenuation (HU) is 
reported for the entire skeletal muscle area at L3. Low 
muscle density was defined as muscle attenuation < 41 
HU for patients with BMI < 25 kg/m² and muscle attenu-
ation < 33 HU for patients with BMI ≥ 25  kg/m² [5]. A 
previous study has indicated that the technical error 
associated with patient positioning and slice selec-
tion can be seen in the variation of 1.5 to 2.5% between 
adjacent abdominal slices in the same individual [17]. 
In this study, changes in skeletal muscle mass were cat-
egorized as muscle loss (SMA decrease > 2%) or muscle 
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stability (SMA decrease ≤ 2%). All muscle measurements 
were performed by a single trained radiologist who 
was blinded to the clinical information. Figure  1 dem-
onstrated the changes of skeletal muscles in L3 region 
before and during afatinib treatment in a female patient.

Targeted panel sequencing of tumor tissue sample
All tumor tissue specimens were reviewed by patholo-
gists to determine the percentage of viable tumor tis-
sue and its adequacy for sequencing. Custom-designed 
probes, which covered 1.6  Mb regions for 1021 cancer-
related genes, were used for DNA capture from baseline 
tumor tissue samples. A list of all the genes and their 
coordinates in the selected regions was provided in Table 
S1. DNA sequencing was performed using the Gen-
eSeq2000 sequencing system with 2 × 100 bp paired end 
reads. Single nucleotide variants (SNVs), small insertions 
and deletions were called using MuTect (version 1.1.4) 
[18].

Pathway enrichment analysis of drug-associated genes
We utilized DGIdb (https://www.dgidb.org) [19], ​P​h​a​r​m​
G​K​B (https://www.pharmgkb.org) [20], ​S​w​i​s​s​T​a​r​g​e​t​P​r​e​
d​i​c​t​i​o​n (​h​t​t​p​​:​/​/​​w​w​w​.​​s​w​​i​s​s​​t​a​r​​g​e​t​p​​r​e​​d​i​c​t​i​o​n​.​c​h) [21] and 
SuperPred (​h​t​t​p​​s​:​/​​/​p​r​e​​d​i​​c​t​i​​o​n​.​​c​h​a​r​​i​t​​e​.​d​e) [22] to iden-
tify genes linked with afatinib or icotinib. Genes asso-
ciated with skeletal muscle loss were extracted from 
GeneCards (https://www.genecards.org) [23] database 
using “skeletal muscle loss” as the keyword. Next, we 
used R package “clusterProfiler (version 4.6.2)” to per-
form the Kyoto Encyclopedia of Genes and Genomes 
(KEGG) enrichment analysis (pvalueCutoff = 0.05 and 
qvalueCutoff = 0.05).

Statistical analysis
Descriptive statistics (count [percent], mean±[SD] and 
median [P25, P75] as appropriate) were used to describe 
the study sample. PFS was defined as the time from ini-
tiation of EGFR-TKIs to progressive disease (PD) or 
death from any causes. Overall survival (OS) was mea-
sured from the date of diagnosis of metastatic disease to 
death or the last follow-up. The cut-off follow‐up time for 
this study was 31 Dec 2022. Chi-square test or Fisher’s 
exact test was used to compare categorical variables. PFS 
and OS were estimated using the Kaplan-Meier method 
and compared using the log-rank test. Cox proportional 
hazards analysis for OS and PFS was performed to test 
associations between survival and muscle measurements, 
and adjustments were made with multivariate analysis. A 
two-tailed p value of less than 0.05 was statistically signif-
icant. Statistical analysis was performed using R software 
V.3.6.3.

Results
Baseline patient characteristics and skeletal muscle status
The mean(± SD) age at the time of diagnosis was 
65.0 ± 11.9 years. The EGFR exon 19 deletion and exon 21 
L858R mutation comprised 43.3% and 48.1% of the cases 
respectively, while the remaining 8.6% were attributed to 
uncommon mutations. The median (P25, P75) SMI and 
muscle attenuation were 40.5 (35.2, 46.6) cm²/m² and 
39.5 (32.9, 46.2) HU respectively. At baseline, 62 (59.6%) 
patients were found to have low skeletal muscle mass, a 
condition that was significantly associated with advanced 
age (p < 0.001), nutritional risk (p = 0.007) and comorbid-
ity (p = 0.034). Additionally, 47 (45.2%) patients exhibited 
low muscle density, which was significantly associated 
with advanced age (p < 0.001), poor PS (p = 0.012), nota-
ble weight loss (p = 0.027), nutritional risk (p < 0.001) and 
comorbidity (p = 0.010). The baseline characteristics of 

Fig. 1  Axial abdominal CT images of L3 region for a 64-year-old female. (A) Baseline CT, L3 skeletal muscle area is 97.1cm2; (B) CT after 3 months of afatinib 
treatment, L3 skeletal muscle area decreased to 89.1 cm2 even though partial response was achieved. Red highlights the region with skeletal muscle. CT: 
computed tomography, L3: the third lumbar vertebra
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the patients categorized by muscle status are detailed in 
Table 1.

The association between clinical features and skeletal 
muscle loss
The median SMA (P25, P75) in the L3 region before and 
during EGFR-TKIs treatment was 106.3 (88.9, 129.5) 
cm² and 103.7 (87.3, 128.8) cm² respectively. The median 
muscle attenuation (P25, P75) was 39.7 (30.7, 44.9) HU 
during EGFR-TKIs treatment. The changes in SMA and 
muscle attenuation after EGFR-TKIs treatment are dem-
onstrated in Fig. 2. A total of 42 (40.4%) patients experi-
enced skeletal muscle loss during EGFR-TKIs treatment, 

and the median reduction rate (P25, P75) was 5.3% (2.9%, 
7.6%). Patients with baseline low muscle density and 
those who experienced ≥ Grade 2 diarrhea during EGFR-
TKIs treatment had significantly higher rates of muscle 
loss (55.3% vs. 28.1%, p = 0.005; 79.3% vs. 25.3%, p < 0.001, 
respectively; see Table 2). Genetic analysis from 37 base-
line tumor tissue revealed that muscle loss group had a 
higher proportion of MDM2 amplification (33.3% vs. 
0%, p = 0.011) and PIK3CA alterations (44.4% vs. 10.7%, 
p = 0.045) compared with the muscle stable group (Fig. 3).

The impact of skeletal muscle loss on clinical outcomes
At the time of evaluating muscle changes during EGFR-
TKIs treatment, 54 (51.9%) patients achieved partial 
response (PR), 47(45.2%) patients had stable disease 
(SD), and 3(2.8%) patients experienced progressive dis-
ease (PD). Baseline low muscle mass (51.6% vs. 52.4%, 
p = 0.939) and muscle density (42.6% vs. 59.6%, p = 0.082), 
as well as muscle loss during EGFR-TKIs treatment 
(50.0% vs. 53.2%, p = 0.747), were not associated with 
objective response rate (ORR).

During the study period, a total of 100 (96.1%) patients 
progressed after first-line EGFR-TKIs. The median PFS 
was statistically shorter in patients experiencing muscle 
loss during EGFR-TKI treatment (9.3 vs. 12.0 months, 
p = 0.036) (Fig. 4A). Further analysis revealed that muscle 
loss during targeted therapy (hazard ratio [HR] 1.86, 95% 
confidence interval [CI]: 1.09 ∼ 3.18, p = 0.023) was inde-
pendently associated with PFS, after adjusting for ECOG 
PS, treatment efficacy, metastases, baseline muscle 
density and diarrhea (Table S2). This was in contrast to 
baseline low muscle mass (HR 1.27, 95% CI: 0.85 ∼ 1.89, 
p = 0.242) and low muscle density (HR 1.32, 95% CI: 
0.89 ∼ 1.96, p = 0.173), which were not associated with 
PFS.

After progression on first-line EGFR-TKIs, 23.0% of 
patients received only palliative care, 60.0% were treated 
with osimertinib, and 42.0% underwent subsequent 
chemotherapy. The rate of chemotherapy was lower in 
the muscle loss group compared with the muscle stable 
group (22.0% vs. 55.9%, p = 0.001). However, the inci-
dence of osimertinib treatment was similar between the 
muscle loss and muscle stable groups (53.7% vs. 64.4%, 
p = 0.306).

At the time of the last follow-up, 88(84.9%) patients 
had died, and the median OS was 25.5 months (95%CI: 
20.3 ∼ 30.7 months). The median OS was statistically 
shorter in the muscle loss group compared with the mus-
cle stable group (20.5 vs. 30.3 months, p = 0.019) (Fig. 4B). 
However, the development of muscle loss during EGFR-
TKI treatment was not independently associated with OS 
after adjusting for ECOG PS, metastases, post-progres-
sion osimertinib treatment, baseline muscle density and 

Table 1  Baseline clinical characteristics of the study 
subjects(n = 104)
Characteristic Low SMI Low muscle 

density
(n = 62) P value (n = 47) P value

Age(years), n (%) < 0.001 < 0.001
  ≥ 70 38(90.5) 30(71.4)
  < 70 24(38.7) 17(27.4)
Gender, n (%) 0.080 0.111
  Male 25(71.4) 12(34.3)
  Female 37(53.6) 35(50.7)
Targeted therapy, n (%) 0.507 0.664
  Icotinib 42(57.5) 34(46.6)
  Afatinib 20(64.5) 13(41.9)
EGFR mutation, n (%) 0.052 0.185
  Exon19 Del 22(48.9) 17(37.8)
  Non-exon19 Del 40(67.8) 30(50.8)
ECOG PS, n (%) 0.356 0.012
  0 ∼ 1 56(58.3) 40(41.7)
  ≥ 2 6(75.0) 7(87.5)
Weight loss, n (%) 0.083 0.027
  ≥ 5% 16(76.2) 14(66.7)
  < 5% 46(55.4) 33(39.8)
BMI (kg/m2), n (%) < 0.001 0.161
  < 18.5 7(100) 3(42.9)
  18.5 ∼ 22.9 28(80.0) 20(57.1)
  ≥ 23 27(43.5) *# 24(38.7)
CCI, n (%) 0.034 0.010
0 33(51.6) 22(34.4)
≥ 1 29(72.5) 25(62.5)
Metastases, n (%) 0.939 0.156
  Mono-organ 30(60.0) 19(38.0)
  Multi-organ 32(59.3) 28(51.9)
Nutritional risk, n (%) 0.007 < 0.001
  Without 31(49.2) 19(30.2)
  With 31(75.6) 28(68.3)
Abbreviations: BMI, body mass index; CCI, Charlson comorbidity index; 
ECOG PS, Eastern Cooperative Oncology Group performance status; EGFR, 
Epidermal growth factor receptor; SMI, skeletal muscle index. *Compared 
with underweight group (BMI < 18.5  kg/m2), statistically significance existed. 
# Compared with normal range group (BMI:18.5 ∼ 22.9  kg/m2), statistically 
significance existed
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diarrhea (HR 1.44, 95%CI: 0.80 ∼ 2.58, p = 0.221) (Table 
S3).

Analysis of genes interacting with EGFR-TKIs
After deduplicating the database, we identified 254 genes 
associated with afatinib, 234 genes associated with ico-
tinib and 21,350 genes related to skeletal muscle loss 
(Table S4-6). The majority of genes associated with afa-
tinib or icotinib were associated with skeletal muscle loss 
(Fig.  5A). To better understand the potential molecular 
mechanism of afatinib or icotinib inducing muscle loss, 
we conducted KEGG pathway enrichment analysis and 
focused on the top 20 pathways (Fig.  5B-D). The genes 
interacting with afatinib and icotinib were enriched in 
MAPK signaling pathway and calcium signaling pathway, 
which muscle loss-related genes were also significantly 
enriched in. The genes interacting with icotinib and mus-
cle loss were enriched in PI3K-AKT signaling pathway.

Discussion
Skeletal muscle loss is an emerging concern in oncol-
ogy. Chemotherapy is known to accelerate muscle loss 
in cancer patients [24]. A previous study indicated that 
the mean muscle area reduced by 4.6 cm² (p < 0.002) after 
first-line chemotherapy in advanced NSCLC patients, 
corresponding to a 1.4  kg loss of whole-body muscle 
mass [7]. EGFR-TKIs are considered less toxic and more 
effective than chemotherapy. Nevertheless, our study 
highlights that patients can experience muscle loss after 
targeted therapy. It is noteworthy that, although the dis-
ease control rate exceeded 90% during the first 3 months 
of targeted therapy, 40% of patients still experienced 
muscle loss, which was considered as early muscle loss 
during treatment in our study. Another retrospective 
study (n = 45) also showed that 42.2% of patients had 
skeletal muscle loss during EGFR-TKI therapy [25]. Our 
study demonstrated that early muscle loss during tar-
geted therapy, rather than baseline muscle status, was 

independently associated with PFS. A previous study 
has also supported that baseline low muscle mass is not 
associated with PFS of EGFR-TKI [26]. Therefore, the 
dynamic changes in muscle mass compared to baseline 
muscle status may have a better correlation with the 
prognosis of patients receiving targeted therapy. More-
over, a previous study supported that skeletal muscle 
depletion had a significant impact on physical function 
and quality of life [27]. Therefore, physicians should not 
only focus on the efficacy of treatment but also consider 
preserving muscle mass in the management of advanced 
lung cancer.

The etiologies of muscle loss are multifactorial. A pre-
vious clinical study indicated that EGFR-TKIs could ame-
liorate cancer-associated cachexia by inhibiting cachexia 
mediator parathyroid hormone-related protein expres-
sion in tumor-bearing mice [28]. However, our study sug-
gests that the effect of EGFR-TKIs on maintaining muscle 
mass is only modest for advanced lung cancer patients in 
real clinical practice. Our study indicated the majority of 
genes associated with afatinib or icotinib were correlated 
with skeletal muscle loss. Further pathway enrichment 
analysis indicated that these genes are enriched in MAPK 
signaling pathway, calcium signaling pathway and PI3K-
AKT signaling pathway. EGFR-TKIs affect cancer cell 
growth and proliferation through these pathways, which 
may also have an impact on muscle growth. The relation-
ship between EGFR-TKIs and muscle loss needs to be 
further investigated using clinical and experimental stud-
ies. Diarrhea is one of the most common adverse events 
of EGFR-TKIs. In this study, 27.9% patients suffered from 
Grade ≥ 2 diarrhea. Our study suggests that patients suf-
fering from Grade ≥ 2 diarrhea had a significantly higher 
rate of muscle loss (79.3% vs. 25.3%, p < 0.001). There-
fore, timely management of diarrhea during EGFR-
TKI treatment might contribute to maintaining muscle 
mass. Despite an overall improved tolerance, about 15% 
of patients treated with osimertinib still experienced 

Fig. 2  (A) The changes of skeletal muscle area in L3 region before and during EGFR-TKIs. (B) The changes of mean CT value of skeletal muscle in L3 region 
before and during EGFR-TKIs
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Grade ≥ 2 diarrhea according to the result from FLAU-
RAL study. Thus, it is also essential to focus on diarrhea 
management and the surveillance of muscle mass dur-
ing osimertinib therapy. In addition, the approved doses 
of EGFR-TKIs are fixed currently, without adjustment 

for physical size and reserves. Afatinib 40  mg/day has 
been approved as a first-line treatment for EGFR muta-
tion-positive NSCLC. Diarrhea is the primary reason 
for dose reduction and treatment discontinuation. It 
is noteworthy that dose reduction occurred in 53.3% of 
patients in the LUX-Lung 3 study with the initiation of 
afatinib 40  mg/day [11]. Our previous study suggested 
that baseline sarcopenic patients had a higher rate of 
≥ Grade 2 diarrhea (75.0 vs. 27.3%, p = 0.011) and toxic-
ity-related dose reduction (75.0 vs. 9.1%, p = 0.001) when 
treated with afatinib 40 mg/day initially [29]. Therefore, 
sarcopenic patients might begin treatment with a lower 
initial administration dose of afatinib according to their 
tolerance.

Given that muscle loss is prevalent among patients 
receiving EGFR-TKIs, oncologists should monitor muscle 
mass during treatment and consider additional interven-
tions such as nutritional support and exercise programs, 
especially for high-risk patients. Our study indicated that 
patients with baseline low muscle density had a higher 
rate of muscle loss during targeted therapy (55.3% vs. 
28.1%, p = 0.005). The revised European consensus on the 
definition and diagnosis of sarcopenia emphasizes that 
low muscle strength is a key characteristic of sarcopenia 
[30]. A previous study showed that muscle density, rather 
than muscle size, correlates well with muscle strength 
and physical performance [13]. Therefore, routine evalu-
ation of muscle density might contribute to the early 
intervention of muscle loss for lung cancer patients.

A recent study suggests that patients with cancer-
associated cachexia have distinct tumor genomic and 
transcriptomic profiles [31]. Genetic analysis from our 
study indicated muscle loss group had a higher propor-
tion of MDM2 amplification and PIK3CA alterations. 
Previous studies have revealed that concurrent genetic 
alterations could play an important role in the response 
and resistance to EGFR-TKIs in EGFR-mutant NSCLC 
[32]. PIK3CA mutations are found in about 2–5% of 
NSCLC patients and are considered rare oncogenic driv-
ers in NSCLC. A previous study found that patients with 
concurrent PIK3CA mutations had shorter median PFS 
(7.8 vs. 10.9 months, p = 0.001) to EGFR-TKI [33]. Addi-
tionally, MDM2 is a primary negative regulatory factor 
of the tumor suppressor protein P53. A study showed 
that MDM2 amplification was independently associated 
with worse PFS (HR 2.46, 95% CI:1.02 ∼ 5.94, p = 0.046) 
to third-generation EGFR-TKI [34]. Promotion of epi-
thelial mesenchymal transformation, angiogenesis, and 
activation of bypass signaling pathways such as nuclear 
factor-κB are possible mechanisms of EGFR-TKI resis-
tance in lung cancer with MDM2 amplification [35]. 
Therefore, the limited survival benefits from EGFR-TKIs 
for the muscle loss group might be related to the above 
genetic alterations. Early muscle loss might serve as a 

Table 2  Skeletal muscle mass changes during EGFR-TKIs 
therapy(n = 104)
Characteristic Muscle 

loss(n = 42)
Muscle 
stable(n = 62)

P 
value

Age(years), n (%) 0.216
  ≥ 70 20(47.6) 22(52.4)
  < 70 22(35.5) 40(64.5)
Gender, n (%) 0.185
  Male 11(31.4) 24(68.6)
  Female 31(44.9) 38(55.1)
Baseline muscle mass, n (%) 0.228
  Low 28(45.2) 34(54.8)
  Normal 14(33.3) 28(66.7)
Baseline muscle density 0.005
  Low 26(55.3) 21(44.7)
  Normal 16(28.1) 41(71.9)
Targeted therapy, n (%) 0.278
  icotinib 27(37.0) 46(63.0)
  afatinib 15(48.4) 16(51.6)
EGFR mutation status, n (%) 0.636
  Exon 19 del 17(37.8) 28(62.2)
  Exon 21 L858R 25(42.4) 34(57.6)
Response evaluation, n (%) 0.747
  PR 21(38.9) 33(61.1)
  Non-PR 21(42.0) 29(58.0)
Baseline Weight loss, n (%) 0.449
  ≥ 5% 10(47.6) 11(52.4)
  < 5% 32(38.6) 51(61.4)
ECOG PS, n (%) 0.263
  0 ∼ 1 37(38.5) 59(61.5)
  ≥ 2 5(62.5) 3(37.5)
CCI, n (%) 0.242
  0 23(35.9) 41(61.4)
  ≥ 1 19(47.5) 21(52.5)
Metastases, n (%) 0.633
  Mono-organ 19(38.0) 31(62.0)
  Multi-organs 23(42.6) 31(57.4)
Diarrhea, n (%) < 0.001
  ≤Grade1 19(25.3) 56(74.7)
  ≥Grade2 23(79.3) 6(20.7)
Nutritional Risk 0.555
  without 24(38.1) 39(61.9)
  with 18(43.9) 23(56.1)
BMI (kg/m2), n (%) 0.406
  < 23 19(45.2) 23(54.8)
  ≥ 23 23(37.1) 39(62.9)
Abbreviations CCI, Charlson comorbidity index; ECOG PS, Eastern Cooperative 
Oncology Group performance status; EGFR-TKI, Epidermal growth factor 
receptor tyrosine kinase inhibitors; L3, the third lumbar vertebra; PR, partial 
response; SD, stable disease
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surrogate marker for disease aggressiveness and treat-
ment resistance. Further studies are warranted to evalu-
ate whether more aggressive treatment strategies, such 
as EGFR-TKI combined with chemotherapy or bevaci-
zumab, can contribute to maintaining muscle mass for 
advanced NSCLC patients with EGFR co-mutations.

Our study had several limitations. Firstly, although this 
study indicates that patients experiencing early muscle 
loss have a reduced PFS compared to those in the muscle-
stable group, the observational design of the study lacks 
the capacity to establish a definitive causal link between 
muscle loss and unfavorable prognosis. Additional pro-
spective research is essential to investigate the prognos-
tic impact of early muscle mass depletion. Secondly, data 
regarding physical activity and detailed nutritional status 

were not included in this retrospective study. Muscle loss 
causes should be studied more in depth to identify ratio-
nal interventions in future research. Thirdly, while the 
study revealed an increased prevalence of MDM2 ampli-
fication and PIK3CA mutations within the muscle loss 
group, the retrospective design and limited sample size 
of the study preclude the establishment of concrete links 
between genetic mutations and muscle wasting. Addi-
tional investigations are essential to elucidate the precise 
connection between particular genetic alterations and 
the occurrence of muscle mass depletion. Finally, consid-
ering that osimertinib is associated with lower incidence 
of diarrhea compared with first and second-generation 
EGFR-TKIs, further study was warranted to evaluate 
skeletal muscle change during osimertinib treatment.

Fig. 4  Kaplan–Meier survival curves. (A) Progression free survival comparison between muscle loss group and muscle stable group. (B) Overall survival 
comparison between muscle loss group and muscle stable group

 

Fig. 3  Landscape of genetic alterations in muscle loss group and muscle stable group
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Despite these limitations, our results underscore the 
importance of monitoring muscle mass status using rou-
tine CT scans in clinical practice for advanced lung can-
cer patients.

Conclusion
This study highlighted that patients could experience 
skeletal muscle loss during EGFR-TKI targeted therapy 
and identified the potential high-risk patients for skeletal 
muscle loss. Additionally, early skeletal muscle loss dur-
ing EGFR-TKI therapy may be associated with a worse 
PFS in advanced lung adenocarcinoma patients. Further 
studies are warranted to investigate the management of 
muscle mass loss during targeted therapy.
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