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A B S T R A C T   

Objectives: To investigate the characteristics of the skin microbiome in severe afatinib-induced 
skin toxicity. 
Methods: Body site-matched skin surface samples were collected from the lesions on seven flexural 
sites of one lung cancer (Patient 1) with serious systemic drug-related intertriginous and flexural 
exanthema (SDRIFE)-like toxicity induced by EGFR-TKI and three healthy age/sex matched 
controls for whole metagenomics sequencing analysis. Lung cancer Patient 1 and Patient 2 were 
prescribed minocycline and followed up. 
Results: In SDRIFE-like toxicities induced by afatinib, lesion microbiota richness (ACE and Chao1 
index: p < 0.001) and diversity (Shannon’s and Simpson’s diversity indices: p < 0.01) were 
reduced. Similarly, the beta diversity analysis (R = 1, p = 0.002 for ANOSIM) showed that the 
apparent difference in the microbiota composition was statistically significant. The microbial taxa 
composition in the patient showed an increased abundance of pathogenic bacteria and a 
decreased abundance of commensal bacteria. LEfSe analysis identified strong bacterial patho-
genicity in the patient, while healthy controls exhibited enrichment in several pathways that are 
beneficial for skin commensal bacteria and skin physiology, including key amino acid meta-
bolism, energy/lipid/glycan biosynthesis/metabolism, and cofactors/vitamins biosynthesis. Ul-
timately, the patients experienced significant improvement with minocycline. 
Conclusion: Microbial dysbiosis is a characteristic of severe SDRIFE-like toxicity induced by 
afatinib.   

1. Introduction 

Small molecule inhibitors, including epidermal growth factor receptor-tyrosine kinase inhibitors (EGFR-TKIs), have become the 
current trend in oncology treatment [1]. EGFR is expressed in the basal layer of the epidermis where its roles include stimulation of 
epidermal growth and inhibition of its differentiation. EGFR is one of the most commonly mutated oncogenes, and this central role 

* Corresponding author. Department of Dermatology, Guangdong Provincial People’s Hospital (Guangdong Academy of Medical Sciences), 
Southern Medical University No.106, Zhongshan 2nd Road Guangzhou, Guangdong 510080, China 

E-mail address: zhushencq@hotmail.com (Z. Shen).  

Contents lists available at ScienceDirect 

Heliyon 

journal homepage: www.cell.com/heliyon 

https://doi.org/10.1016/j.heliyon.2023.e21690 
Received 27 May 2023; Received in revised form 25 October 2023; Accepted 25 October 2023   

mailto:zhushencq@hotmail.com
www.sciencedirect.com/science/journal/24058440
https://www.cell.com/heliyon
https://doi.org/10.1016/j.heliyon.2023.e21690
https://doi.org/10.1016/j.heliyon.2023.e21690
https://doi.org/10.1016/j.heliyon.2023.e21690
http://creativecommons.org/licenses/by-nc-nd/4.0/


Heliyon 9 (2023) e21690

2

makes it an important therapeutic target in tumors that depend on the EGFR pathways [2]. At the same time, EGFR-TKIs can lead to 
related adverse events (AEs), including serious dermatological ones [3–5]. Afatinib, as a second-generation EGFR-TKI, inhibits 
wild-type EGFR more effectively, resulting in higher rate of skin and gastrointestinal toxicity [1]. The incidences of skin reactions are 
90 % [5], but the pathogenesis of EGFR-TKI-induced skin toxicity remains incompletely understood. 

On the skin, many microbial species successfully colonize, known as the commensal microbiome, to protect against pathogen 
invasion and ensure skin homeostasis. A broken barrier is a potent trigger for skin inflammation. The interplay among the epithelial 
barrier, immune inflammation, and the cutaneous microbiome has been considered vital for maintaining a balance between health and 
disease [6]. Considering the effects of EGFR-TKI on epidermal cell differentiation and barrier function, the skin toxicity induced by 
EGFR-TKI does not exclude the involvement of an imbalance in the skin flora. 

In this study, we aim to verify that skin microbial dysbiosis is a characteristic of severe systemic drug-related intertriginous and 
flexural exanthema (SDRIFE)-like skin toxicities induced by EGFR inhibitors. To achieve this, we performed metagenomic sequencing 
in SDRIFE-like skin toxicities induced by afatinib. SDRIFE is a cutaneous AE that presents a characteristic eruption with following 
systemic absorption of medication. There are five proposed criteria for SDRIFE features and it is an increasingly recognized AE of EGFR 
inhibitors [7]. Based on a report summarizing the characteristics of prior cases secondary to EGFR inhibition, we found that the patient 
treated with minocycline exhibited faster remission and lower recurrence rates of SDRIFE compared to those treated solely with topical 
glucocorticoids [8]. 

According to the experimental results, we demonstrated that the diversity/richness of the lesional microbiota decreased, and its 
microbial composition changed: there was an increased abundance of pathogenic bacteria and a decrease in commensal bacteria. 
Moreover, the patient group had strong pathogenicity (e.g., biofilm formation). Meanwhile, LEfSe analysis of functional differences 
prediction in the control group revealed a high enrichment of pathways beneficial to skin commensal bacteria and skin physiology. 
These pathways include key amino acid metabolism (e.g., tryptophan biosynthesis), energy/lipid metabolism models, cofactors/vi-
tamins biosynthesis, and glycan biosynthesis. Lastly, the patient experienced significant long-term improvement of her SDRIFE-like 
lesions with minocycline treatment while continuing regular use of afatinib. 

Our investigation supports the critical role of microbial dysbiosis involved in serious SDRIFE-like toxicity induced by afatinib. It 
also provides evidence for the use of antibiotics during the treatment of EGFR-TKIs, which can enhance patient quality of life and 
improve adherence to anti-cancer therapy. 

2. Methods 

2.1. Study participants 

Patient 1 and Patient 2 were diagnosed as adverse drug reaction of EGFR-TKIs at Guangdong Provincial People’s Hospital, 
Guangzhou, China. Three healthy age- and sex-matched controls were recruited, and they had no active infection, antibiotic or 
probiotic use in the previous 4 weeks. Subjects were instructed to refrain from using topical products for two days before sampling. The 
study was approved by the Ethics Committee of Guangdong People’s Hospital (Approval No: KY-N-022-109-01). All subjects provided 
written informed consent. 

2.2. Sample collection 

Single time-point sample collection was performed on seven flexural sites (Supplementary Fig. 1). Each skin sample was collected 
by swabbing with sterile DNA-free cotton swabs. The swabbing area covered approximately the same area as a circle with a radius of 2 
cm [9]. The cotton tips were cut, placed into sterile containers, and immediately frozen in liquid nitrogen for 5 min before being 
transferred to − 80 ◦C for storage until DNA extraction [10]. 

2.3. DNA extraction and library construction 

Total genomic DNA was extracted from the clipped swabs using a MagPure Soil DNA KF Kit (MP, Guangzhou, China) following the 
manufacturer’s instructions. The concentration and integrity of the DNA were assessed using a NanoDrop2000 spectrophotometer 
(Thermo Fisher Scientific, Waltham, MA, USA) and agarose gel electrophoresis, respectively. The DNA was fragmented using S220 
Focused-ultrasonicators (Covaris, USA) and purified with Agencourt AMPure XP beads (Beckman Coulter Co., USA). Subsequently, 
libraries were constructed using the TruSeq Nano DNA LT Sample Preparation Kit (Illumina, San Diego, CA, USA) according to the 
manufacturer’s instructions. The specific primer sequences used for library construction are as follows: 

VAHTS Adapter-S for Illumina: 
5′-ACACTCTTTCCCTACACGACGCTCTTCCGATC-s-T-3′ 
3′-CTGACCTCAAGTCTGCACACGAGAAGGCTAG-p-5′ 
VAHTS i5 PCR Primers: 
5′-AATGATACGGCGACCACCGAGATCTACAC[i5]ACACTCTTTCCCTACACGACGCTCTTCCGATC-s-T-3′ 
VAHTS i7 PCR Primers: 
5′-CAAGCAGAAGACGGCATACGAGAT[i7]GTGACTGGAGTTCAGACGTGTGCTCTTCCGATC-s-T-3′ 
(-s-: Phosphorthioate, -p: phosphorylation) 
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2.4. Metagenomic sequencing and bioinformatic analysis 

Metagenomic sequencing was conducted using the Illumina NovaSeq6000 high-throughput sequencing platform at OE Biotech 
(Shanghai, China), following its standard procedures and published literature [11,12]. Paired-end sequencing with a read length of 
150 bp was performed on the Illumina NovaSeq6000 platform. Quality control of the raw metagenomic sequencing data was con-
ducted using the fastp software (https://github.com/OpenGene/fastp) [13]. The sequences in FASTQ format were trimmed and 
filtered using Trimmomatic (v 0.36). Host pollution control was set.The post-filtered pair-end reads were aligned against the host 
genome using Bowtie2 (v 2.2.9), and the aligned reads were discarded. After obtaining valid reads through quality control, meta-
genome assembly was performed using MEGAHIT (v 1.1.2). Gaps inside the scaffold were utilized as breakpoint to interrupt the 
scaffold into new contigs (Scaftig), and these new Scaftigs with length >500 bp were retained for statistics and used for subsequent 
analysis. Open reading frames (ORFs) prediction of assembled scaffolds was carried out using Prodiga (v 2.6.3), and these ORFs were 
translated into amino acid sequences. Then, all predicted genes were clustered using CD-HIT (V 4.6.7), with parameters set at 95 % 
identity and 90 % coverage, to generate non-redundant gene sets. The longest gene was chosen as representative sequence of each gene 
set. Clean reads of each sample were aligned against the non-redundant gene set (95 % identity) with Bowtie2 (v 2.2.9), and the 
abundant information of the gene in the corresponding sample was counted. Taxonomic annotation was conducted by aligning the 
non-redundant gene catalog against the NCBI-NR database using the basic local alignment search tool for proteins (BLASTP), with an 
e-value cutoff of 1e-5. DIAMOND (v 0.9.7) software was employed to compare the representative sequences in the non-redundant gene 
set with the NR Library of NCBI, and annotations with e < 1e-5 were taken. The taxonomy of the species was obtained based on the 
corresponding taxonomy database of the NR Library, and the abundance of the species was calculated using the corresponding 
abundance of the genes. 

2.5. Statistical analysis of microbial compositions and functions 

Differential abundance analyses were conducted at both species and genus levels for the seven body sites. The differential 
expression of bacterial genes was identified by comparing relative abundances. Wilcoxon’s rank-sum test was analyzed to evaluate the 
differences in the relative abundance of microbial communities. Bacterial richness and diversity among samples were assessed using α 
indexes (ACE, Chao1, Shannon, and Simpson). Based on the relative abundances, the student’s t-test was employed to compare the α 
diversity indices. Principal coordinates analysis (PCoA) and hierarchical clustering was applied to compare the bacterial composition 
between samples using Bray Curtis distance. Additionally, an analysis of similarities (ANOSIM) was performed to evaluate the sig-
nificance of differences in community structure between the two groups using β diversity indices. Spearman correlations were utilized 
to calculate the relationships among the dominant microbial species. Linear discriminant analysis coupled with effect size (LEfSe) 
measurement was performed to determine the significant pathways of Kyoto Encyclopedia of Genes and Genomes (KEGG) between the 
two groups. The results were visualized using bar charts [14]. Linear discriminant analysis (LDA) values＞3.0 with a P-value＜0.05 
were considered as significantly enriched. Virulence factors (VFs) enrichment comparison was conducted using mate analysis between 
the two groups, and P-values＜0.05 were considered significantly differential on gene expression. The differential abundance analysis, 
generation of the PCoA plots, box plots, heatmap and stacked bar charts were produced in R (version 3.2.0, https://www.r-project.org/ 
) with appropriate statistical tests [15]. P-value＜0.05 was considered statistically significant. 

Fig. 1. The clinical manifestation of SDRIFE-like skin toxicities of patient 1 by EGFR-TKI. 
The manifestation of SDRIFE-like lesions at the anterior neck (A), axilla region (B) and popliteal fossa (C) when her admission. 
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3. Results 

3.1. Treatment of the patient 

Patient 1 was a 56-year-old Chinese woman who was diagnosed with pulmonary adenocarcinoma of right-middle lobe in 2016. She 
underwent surgery, during which no lymph node metastasis was found (0/26). Exon 21 of EGFR showed a mutation (L861Q). The bone 
and brain metastases were found in 2017 and 2018, respectively. Targeted therapy with afatinib was initiated but resulted in 
generalized pruritic erythematous lesions, particularly in flexural regions. Afatinib treatment was discontinued, and she was pre-
scribed systemic corticosteroids (prednisone, 15 mg/d) and topical mometasone furoate cream, resulting in mild improvement. 
Despite this, she expressed a preference to restart afatinib, leading to the recurrence and worsening of the lesions, significantly 
impacting her quality of life. 

On physical examination, the patient presented with SDRIFE-like lesions: well-demarcated erythema with exudation and crusting 
on flexural regions, including the anterior neck, axilla region, inframammary fold, antecubital fossae, femoral triangle, popliteal fossa, 
and periumbilical region (Fig. 1A–C, Supplementary Fig. 2A). The laboratory results were unremarkable (Supplementary Table 1). 
Subsequently, the patient was prescribed systemic corticosteroids (equivalent to prednisone 15–25 mg/d for 8 days) and wet wraps of 
the lesions with 3 % boric acid solution for 4 days until the exudation decreased. After five days, when the inflammation had reduced, 
minocycline (100 mg/d) was initiated, leading to significant improvement of her SDRIFE-like lesions observed three days later 
(Supplementary Fig. 2A) before her discharge. Oral corticosteroids were gradually tapered and discontinued within one week, while 
minocycline was taken intermittently. During the follow-up two months later, her SDRIFE-like lesions demonstrated sustained long- 
term improvement, except for those on the popliteal fossa (Supplementary Fig. 2B), which showed further improvement in the sub-
sequent half-year follow-up (Supplementary Fig. 2C). She has not discontinued afatinib or reduced the dosage. 

Patient 2 was a 53-year-old Chinese woman who was diagnosed with a pulmonary adenocarcinoma of right-lower lobe in 2019. She 
underwent surgery, during which lymph node metastasis was found (22/24). No mutations were detected in the EGFR exons. In August 
2022, targeted therapy with dacomitinib, another second-generation EGFR-TKI, was initiated at a dose of 30 mg/d. One month prior to 
the visit, she developed generalized painful maculopapular lesions that significantly impacted her daily life. On physical examination, 
well-demarcated erythema and papula with exudation and crusting were observed, particularly on the buttocks, scalp/neck, and face 
(Fig. 2A–C). The laboratory results were unremarkable except for mildly elevated total white blood cell count and neutrophils. 
Notably, rapid improvement of her maculopapular lesions was observed after 7 days of minocycline treatment (100 mg/d, Supple-
mentary Fig. 3B). Her original dose of dacomitinib was continued. 

3.2. Decreased microbial diversity in the patient 

Given the intra-group characteristics of bacterial composition among these 7 sites (Fig. 3A-B, Supplementary Figs. 4–5), samples 
from these sites were pooled together to make one representative sample respectively. A total of 1063114 sequences were obtained 
from the samples. The mean sequence length was 448 bp. The results of community richness (ACE: p = 4.01E-09; Chao1: p = 3.49E-09) 
and diversity index (Shannon: p = 0.0032; Simpson: p = 0.0032) indicated that the diversity of bacterial species was significantly 
lower in affected skin compared to healthy skin (Supplementary Fig. 6A); PCoA revealed disparately separated microbial communities. 
In the cluster of patient group, the samples from different skin sites were closely grouped together but significantly separated from the 
control group (Supplementary Fig. 6B). The apparent separation estimated by the first principal coordinate between the clusters in the 
two groups showed higher significant differences between these two bacterial communities. Furthermore, a non-parametric statistical 
test of ANOSIM, demonstrated the inter-group differences were greater than the intra-group differences (R = 1, p = 0.002, 

Fig. 2. The clinical manifestation of maculopapular toxicities of patient 2 by EGFR-TKI. 
The manifestation of maculopapular lesions at the buttocks (A), scalp and neck (B), and her face (C) when her admission. 
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Supplementary Fig. 6B). Overall, a significant decrease in microbial diversity was observed in the composition of bacterial commu-
nities in the patient group. 

3.3. Altered microbial composition in lesions 

The relative abundance patterns of all bacteria isolated from skin surface samples differed between healthy controls and subjects 
with skin toxicity. In addition to the changes at the genus level phylogenetically (Supplementary Fig. 6C), there were notable dif-
ferences at the species level (Fig. 4). Salmonella enterica, Escherichia coli, Staphylococcus haemolyticus, Staphylococcus aureus, Serratia 

Fig. 3. The analysis graph combination of sample cluster tree and stacked bar chart. 
On the left side is the hierarchical clustering analysis based on community composition (based on Bray Curtis distance algorithm) among samples, 
and on the right side is the bar chart of the top 30 microorganisms in relative abundance, representing the distribution of the basic community 
structure of the samples. Panel A is shown at the level of the genus and Panel B is shown at the species level. 
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marcescens and Pseudomonas aeruginosa had the highest relative abundance in affected lesions. Conversely, the abundance of skin 
commensals such as Corynebacterium sp., Prevotella copri, and Staphylococcus epidermidis was lower in patients after EGFR-TKI treat-
ment compared to healthy controls. 

3.4. Specific bacterial species differences between the patient and control group 

The top 30 most abundant differential bacterial species were found to be less enriched in affected skin compared to healthy skin. 
Among these differentially abundant species, S. haemolyticus (p = 0.0111, FDR-adjusted p = 0.0294), S. aureus (p = 0.0070, FDR- 
adjusted p = 0.0257), S. enterica (p = 0.0006, FDR-adjusted p = 0.0093), Acinetobacter baumannii (p = 0.0006, FDR-adjusted p =
0.0093), S. marcescens (p = 0.0006, FDR-adjusted p = 0.0093) and P. aeruginosa (p = 0.0111, FDR-adjusted p = 0.0294) were the more 
notable species associated with affected skin microbiome. There was an extra A. baumannii and one missing species of E. coli compared 
to the six most abundant species in the affected skin in the above results (Supplementary Fig. 6D). These results essentially determined 
the dominant species that play key roles in the affected skin. There are also some species that are deficient in the affected skin. 
Furthermore, several species that were deficient in the affected skin were mostly consistent with the species mentioned earlier that 
were enriched in healthy controls, such as S. epidermidis (p = 0.0262, FDR-adjusted p = 0.0602), P. humerusii (p = 0.0021, FDR- 
adjusted p = 0.0142), and several species of Corynebacteriu, which showed decreased abundance in the patient samples. 

3.5. Microbiota-based module and bacterial species correlation in two groups 

We explored the interactions of dominant species with other species. The species in Module 2 and Module 3 were closely related to 
each other, and most of them were in the healthy group. The dominant bacteria in patient group were mostly in modules 1, 4, and 5. 
Although S. marcescens (in Module 2), S. enterica (in Module 4) and A. baumannii (in Module 4) among the dominant species in the 
disease group had many associations with most members of Module 2 and Module 3, they were all negatively correlated. And positive 

Fig. 4. Altered microbial composition in lesions. 
The top 30 bacterial species ranked by abundance were selected, and their abundance information in each sample were used to build the heatmaps. 
Compositions of skin microbiomes at the species level in each skin sites were shown, summarized with average abundance. A: the patient; H: 
the controls. 
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correlations were shown with the other dominant pathogenic members (S. haemolyticus, S. aureus and P. aeruginosa) (Supplementary 
Fig. 7A). In the heatmap, the members of the seven dominant species mentioned above showed correlations with each other as ex-
pected (Supplementary Fig. 7B). Two members of the genus Staphylococcus, S. aureus and S. haemolyticus showed a close correlation 
with each other (p < 0.001). E. coli showed a positive correlation with S. enterica and A. baumannii (p < 0.05). S. enterica, A. baumannii, 

Fig. 5. Analysis of linear discriminant analysis (LDA) effect size (LEfSe). 
To analyze the potential function profiles of the skin microbiota in the patient, we explored the distribution diagram of the LDA scores in two groups 
and results of the LEfSe analysis based on the LDA scores to screen the pathways of KEGG (P < 0.05 and LDA score/effect-size threshold = 3). 
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S. marcescens and P. aeruginosa were found positively correlated with each other (p < 0.01). Additionally, they were negatively 
correlated with some members of the healthy skin commensal microorganisms (Supplementary Fig. 7B). 

3.6. Multi-dimensional functional changes by microbial dysbiosis in lesions 

To explore potential differences in functions between the two groups, we aligned the metagenomic data with the third level of 
KEGG pathways and annotated a total of 105 pathways (Fig. 5). In the LEfSe analysis, we used the LDA value to estimate the effect size 
of each pathway on the differential effect. Based on the LDA scores, we identified 7 signature functional pathways in the skin disease 
group, including beta-Lactam resistance, Biofilm formation, and Staphylococcus aureus infection. Conversely, the results revealed that 
the skin surfaces of healthy controls were enriched with KEGG pathways associated with physiological benefits to skin symbiotic 
bacteria and skin: (1) key amino acid metabolism (tryptophan biosynthesis, histidine metabolism, glutathione metabolism); (2) energy 
metabolism (oxidative phosphorylation, sucrose and starch metabolism); (3) metabolism of cofactors and vitamins (thiamine, nic-
otinate and nicotinamide); (4) glycan biosynthesis (glycosaminoglycan, lipoarabinomannan, arabinogalactan) (Fig. 5). 

To clarify whether VFs play a role in bacteria population dynamics during colonization, we annotated the metagenomic data 
against the virulence factor database (VFDB). As shown in Supplementary Fig. 8, there was no observed increase in microbial virulence 
for the lesions compared to the control group. 

4. Discussion 

The adverse effects of EGFR-TKIs on the skin are a serious concern and are of particular clinical interest, especially the toxicity 
resulting from on-target effects on wild-type EGFR (e.g., afatinib) [5,16–19]. Prophylaxis with minocycline has been recommended in 
decreasing the severity of the skin toxicity during EGFR-TKI treatment [20–22]. An analysis reported that prophylactic antibiotics may 
reduce the relative risk of severe rashes associated with EGFR-targeted agents by 42–77 % [23]. This suggests that microbial infection 
may play an important role in the skin adverse reactions induced by EGFR-TKIs. 

The skin microbiome is known to play major roles in immune interactions, barrier repair, colonization resistance, and wound 
healing. Multiple studies have reported that the dysbiosis of the skin microbiome is associated with the onset and/or progression of 
many skin diseases, including atopic dermatitis, acne and psoriasis [24–26]. 

In our study, the patient developed SDRIFE-like dermatitis after taking afatinib. SDRIFE has been considered as a T-cell mediated 
hypersensitivity drug reaction, however, its exact pathogenesis remains unclear [27–29]. Common medications known to cause 
SDRIFE include aminopenicillins, β-lactam antibacterials, and targeted tumour therapy agents (e.g., EGFR inhibitor of gefitinib) [7]. 
To the best of our knowledge, this is the first published case of afatinib-induced SDRIFE-like lesions. The symmetrical erythematous 
manifestations and flexural regions involved suggest that microbial dysbiosis on the basis of skin barrier abnormalities may have 
occurred. Therefore, exploring skin microbiota composition and functionalities by metagenomic methods presents a promising 
strategy to gain insight into the SDRIFE-like toxicity caused by EGFR-TKI. 

We initially observed a decrease in the diversity/richness of the lesional microbiota. Previous studies have reported significant 
reductions in microbiome diversity in conditions such as atopic dermatitis, seborrhoeic dermatitis, and psoriasis [30,31]. The diversity 
of the skin microbiota plays a crucial role in maintaining a robust immune-protective environment [32]. It has been demonstrated that 
individuals with low diversity and richness of gut bacteria exhibit more marked insulin resistance and a more pronounced inflam-
matory phenotype [33,34]. This suggests that decreased diversity/richness of lesional microbiota may be involved in flexural skin 
damage by afatinib. Nevertheless, conclusive evidence is needed to investigate whether a causal relationship exists in the skin in this 
manner. In addition to the observed low diversity/richness, the skin microbiota in patient group exhibited alterations, including 
increased proportions of pathogenic bacteria associated with atopic dermatitis, especially S. aureus. Conversely, the abundance of 
commensal skin bacteria decreased, including S. epidermidis and C. acnes (original name is Propionibacterium acnes). These commensal 
skin bacteria play a beneficial role in the human body. For instance, S. epidermidis produces antimicrobial peptides (AMPs) that work 
synergistically with AMPs derived from human epithelial cells to combat S. aureus [35]. The cell wall component of S. epidermidis 
mitigates inflammation by binding to toll-like receptor 2 (TLR2) on human keratinocyte, thereby limiting tissue damage and pro-
moting skin barrier healing [25,36]. The observed changes in bacterial community composition indicate a role of microbial dysbiosis 
in the transition from healthy skin to affected skin by afatinib. 

In addition to the observed decrease in microbial diversity/richness and alterations in composition, the LEfSe analysis revealed 
distinctive characteristics of several functional pathways that exhibited differences between the two groups. Firstly, the patient group 
displayed a distinct abundance of pathogenic bacterial infection (specifically S. aureus infection) and strong pathogenicity, as indicated 
by enhanced biofilm formation. Biofilm serves to facilitate bacterial attachment to surfaces and offers protection against host immune 
responses, antibiotics, and harsh environmental conditions [37]. Moreover, biofilm can impair the tissue repair processes and promote 
low-grade inflammatory persistence [38]. 

Secondly, the healthy control group exhibited an enrichment in pathways associated with factors beneficial to commensal bacteria 
on the skin and the physiology of the skin. In detail, these factors can be roughly divided into the following categories: (1) key amino 
acid metabolism (e.g., tryptophan biosynthesis); (2) energy metabolism (oxidative phosphorylation, sucrose/starch metabolism); (3) 
metabolism of cofactors and vitamins (thiamine, nicotinate and nicotinamide); (4) glycan biosynthesis (glycosaminoglycan, lip-
oarabinomannan, arabinogalactan). 

Tryptophan is an essential amino acid and has been proposed as a therapeutic option for depression and stress [39]. The tryptophan 
metabolic pathway has been demonstrated to be attenuated in the skin microbiota of atopic dermatitis (AD) patients. The metabolite 
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indole-3-aldehyde (IAId) was found to be significantly reduced in both lesional and non-lesional skin of AD. IAId was proven to 
significantly attenuate skin inflammation in mouse AD-like dermatitis and regulate the expression of thymic stromal lymphopoietin 
(TSLP) in keratinocytes [40]. Our results showed that the tryptophan biosynthesis pathway in the skin microbiome of patients differed 
from that of the healthy group, which may be one of the important mechanisms of EGFR-TKI-induced skin damage. 

We also observed a difference in the energy metabolism patterns of bacteria between the patient group and the healthy group. 
Specifically, we noted reductions in oxidative phosphorylation and sucrose/starch metabolism. The altered energy metabolic patterns 
probably participated in the skin damage by afatinib. 

The functional pathways of the skin barrier were different between the adverse reaction group and healthy controls. It is known 
that lipid biosynthesis and glycan biosynthesis were significantly associated with cutis tissue development and wound healing. Gly-
cosaminoglycans (GAGs) include dermatan sulphates (DS). Dermatan sulphate proteoglycans (DS-PGs) are widely distributed 
throughout the skin and possess potent biological activities that can regulate keratinocyte proliferation and differentiation, inflam-
matory processes, and the composition and quality of the extracellular matrix. This suggests that DS-PGs play a crucial role in the 
regulation of skin physiology [41,42]. Lipoarabinomannans (LAMs) are ligands for host glycan receptors such as TLRs and C-type lectin 
receptors on skin keratinocytes. The binding of LAMs to their receptors can train the skin immunity and skin barrier integrity [36]. 
Thus, from a physical barrier perspective, alterations in glycan biosynthesis may cause severe dysfunction in skin tissue repair and 
disruption of the skin barrier, ultimately facilitating the persistence of pathogenic bacteria. 

It is noteworthy that the phenomena and characteristics mentioned above may play a crucial role in exacerbating adverse effects or 
alternatively, function as accompanying or subordinate factors. The determination of the conclusion requires further experimental 
research. 

There are several limitations in this study. First, there is insufficient data on the dynamics of the skin microbiome during follow-up, 
as well as lack a comparison of bacterial flora after clinical healing of skin lesions. Next, the study sample size was relatively small and 
requires further validation through larger cohort studies and additional validation in independent cohorts and experimental models. 
Additionally, there are possible confounding factors, such as other medications or medical conditions that may also influence the 
composition of the cutaneous microbiome. Finally, the study focused on a specific group of patients with SDRIFE-like lesions induced 
by EGFR-TKI treatment. Therefore, the findings may not be directly applicable to other skin conditions or patient populations. 

Taken together, our study provides primary data on the skin microbial dysbiosis and potential characteristics of SDRIFE-like AEs 
caused by EGFR-TKIs. With the wide application of small molecule inhibitors in targeting EGFR-driven cancer therapy, understanding 
the causes and characteristics of skin adverse reactions is especially important for their therapeutics. Our data support that microbial 
dysbiosis is involved in the occurrence of SDRIFE-like damage induced by EGFR-TKIs. Our findings also provide evidence for the 
application of antibiotics during the treatment of EGFR-TKIs and are beneficial for the adherence to anti-cancer therapy. 
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