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Neoadjuvant chemotherapy plus anlotinib in the treatment
of resectable head and neck squamous cell carcinoma:
A pilot phase II trial
Head and neck squamous cell carcinoma (HNSCC) con-
tinues to be a major global health challenge, with limited
survival improvements for patients with locally advanced
(LA) or recurrent (R) disease [1]. Anlotinib, a novel orally
administered small-molecule tyrosine kinase inhibitor
(TKI) developed in China, targets a wide range of recep-
tor tyrosine kinases (RTKs) [2]. Our previous studies have
also manifested that anlotinib remarkably inhibited the
proliferation of HNSCC cells both in vitro and in vivo,
and presented promising clinical antitumor efficacy and
tolerable safety profile in patients with oral squamous
cell carcinoma (OSCC) [3, 4]. This prospective trial was
designed to evaluate the clinical efficacy and safety of
anlotinib combined with paclitaxel and cisplatin (TP)
neoadjuvant therapy in patients with resectable HNSCC.
Additionally, the mechanisms underlying the effects of
anlotinib and neoadjuvant chemotherapy onHNSCCwere
investigated through spatial transcriptomics (STs) and
multiplex immunohistochemistry (mIHC).

List of abbreviations: CAF, cancer associated fibroblast; CI,
confidence interval; CNV, copy number variation; CR, complete
response; DEG, differential expression gene; ECM, extracellular matrix;
ESTIMATE, Estimation of STromal and Immune cells in MAlignant
Tumour tissues using Expression data; FFPE, formalin fixed paraffin
embedded; GSEA, gene set enrichment analysis; GSVA, gene set
variation analysis; hdWGCNA, high-dimensional weighted gene
co-expression network analysis; HNSCC, head and neck squamous cell
carcinoma; LA, locally advanced; MIA, multimodal intersection
analysis; mIHC, multiplex Immunohistochemistry; MPR, major
pathological response; NMF, non-negative matrix factorization; ORR,
objective response rate; OSCC, oral squamous cell carcinoma; pCR,
pathological complete response; pEMT, part epithelial-mesenchymal
transition; PR, partial response; PySCENIC, python-based single-cell
regulatory network inference and clustering; RTK, receptor tyrosine
kinase; scRNA-seq, single-cell RNA sequencing; ST, spatial
transcriptomic; TAM, tumor-associated macrophage; TEAE, treatment
emergent adverse event; TF, transcription factor; TKI, tyrosine kinase
inhibitor; TME, tumor microenvironment; TP, paclitaxel and cisplatin.
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Between October 2022 and May 2023, 20 resectable
HNSCC patients were enrolled (median age, 55; range,
27-73). Baseline demographics and disease characteristics
are detailed in Supplementary Tables S1-S2. All patients
received 3 cycles of neoadjuvant therapy, followed by
surgery in 17 and maintenance therapy in 16. No patients
were lost to follow-up (study flowchart in Figure 1A).
After neoadjuvant therapy, 95.0% (19/20) achieved partial
response (PR), and 5.0% (1/20) achieved complete response
(CR), with an Objective response rate (ORR) of 100% (95%
confidence interval [CI], 83.2-100). Figure 1B shows the
waterfall plot of tumor size changes. Surgical resection
was performed in 17 patients (LA, 12; R, 5) with a 100%
R0 resection rate, one patient declined surgery due to
financial constraints and the other two did not want to
perform surgery as their tumors had almost regressed.
Postoperative pathological efficacy (Supplementary Table
S3) showed pathological complete response (pCR) and
major pathological response (MPR) in 7 patients each
(41.2%; 95% CI, 18.4-67.1). Among 11 with positive cervical
lymph nodes, 6 achieved pCR (54.5%; 95% CI, 23.4-83.3).
Imaging and pathological data of patient #14 with CR are
shown in Figure 1C-D.
All patients were followed for at least one year. Treat-

ment responses and durations are shown in Figure 1E.
By May 15, 2024, 17 out of 20 patients were alive. Of the
3 deaths, 1 patient with LA declined further therapy for
financial constraints after neoadjuvant treatment and died
a year later, another patient with LA refused maintenance
therapy after surgery and died within a year, while one
patient with LA died in a traffic accident fourmonths post-
radiotherapy. Among the all 20 patients, 5 (4 with LA and 1
with R) experienced local recurrence within 1 year. Of the
17 patients with R0 resection, 4 (3 with LA and 1 with R)
had a local recurrence within 1 year.
Treatment Emergent Adverse Events (TEAEs) are

summarized in Supplementary Tables S4-S5. All patients
experienced at least one TEAE post-neoadjuvant therapy,
primarily grades 1-2. Common TEAEs included alopecia
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F IGURE 1 Study trial design, treatment exposure, and survival analysis. (A) Study flow chart depicting the trial design. A total of
20 patients were enrolled in the trial and received neoadjuvant therapy; 17 patients underwent surgical resection, and 16 patients received
maintenance therapy. (B) Waterfall plot showing best radiographic response by RECIST 1.1, each bar represents one patient enrolled in the
study (n = 20). Source data are available in the Supplementary Table S7. (C-D) Clinical radiographic and H&E-stained images of Patient #14
who achieved a CR. Scale bar, 200 µm. (E) Treatment exposure and response duration per RECIST v1.1 and pathological response (n = 20).
The length of each bar represents the duration of treatment in each patient. (F) Illustration of the overall workflow for ST and mIHC. CR,
complete response; ST, spatial transcriptomes; mIHC, multiplex immunohistochemistry
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(100%), hypertension (90%), anemia (85%), and hand-foot
syndrome (45%). Grade 3 TEAEs occurred in 50% of
patients. No TRAEs caused drug discontinuation, dose
reduction, death, or surgical delays.
To investigate the effects of neoadjuvant therapy on

HNSCC, STs were conducted using Formalin Fixed Paraf-
fin Embedded (FFPE) samples from 4 pCR and 3 non-pCR
patients (Figure 1F, Supplementary Table S6). All 48,666
capture spots passed quality control, yielding a mean of
15,016 reads per spot (52.2 million per capture) and 4,498
mapped genes per sample.
Unsupervised clustering using the Louvain algorithm

identified 10 niches across 14 samples (Supplementary
Figure S1A), present in varying proportions (Supplemen-
tary Figure S1B). Each spot, containing 1-10 cells, was
analyzed via multimodal intersection analysis (MIA) [5]
with Single-cell RNA sequencing (scRNA-seq) datasets
(GSE234933 and GSE181919). MIA predicted high malig-
nant cell incidence inNiches 1, 4, and 6; Cancer Associated
Fibroblasts (CAFs) in Niche 2; B cells and CAFs in
Niche 3; endothelial cells and CAFs in Niches 5 and
7; immune cells in Niches 8 and 10; and ambiguous
markers in Niche 9 (Supplementary Figure S1C). Man-
ual annotation with cell type markers confirmed MIA
results (Supplementary Figure S1D). Copy Number Vari-
ation (CNV) analysis showed recurrent chromosome 1
deletions and chromosome 3 amplifications in Niches 1,
4, and 6, aligning with prior studies [6]. Some Niche 1
spots exhibited low CNV, suggesting non-malignant squa-
mous epithelial cells (Supplementary Figure S1E-F). Map-
ping niches onto FFPE sections revealed tumor regions
comprised Niches 1, 4, and 6, with distinct spatial dis-
tributions: in addition to posttreatment samples of pCR
patients, Niche 6 is primarily located at the tumor periph-
ery, Niche 1 at the intermediate epithelial region, and
Niche 4 at the leading edge. (Supplementary Figure S2).
Estimation of STromal and Immune cells in MAlignant
Tumour tissues using Expression data (ESTIMATE) anal-
ysis inferred tumor, stromal, and immune substructures,
closely matching histological annotations (Supplementary
Figure S3). Non-negative matrix factorization (NMF) [7]
identified 11 transcriptional metaprograms, including a
recurrent part Epithelial-Mesenchymal Transition (pEMT)
module (COL17A1, LAMA3, and LAMC2), stress response
genes (S100A9, S100A8, and KRT6A), and hypoxia-
response genes (ENO1, DDIT4, and VEGFA; Supplemen-
tary Figure S4A-B. Other programs corresponded to CAF
(ECM-CAFs: COL1A1, COL1A2, and COL3A1; myo-CAFs:
DES, ACTN2, and MYH2) and immune lineages. NMF
results aligned with niche classifications (Supplementary
Figure S4C-D).
To further examine treatment effects on HNSCC, we

analyzed niche compositions before and after treatment.

Posttreatment samples showed significant decreases in
Niche 4 and Niche 6 (Niche 4: 23.9% to 2.8%; Niche 6:
13.4% to 5.2%), reflecting a robust anti-tumor effect (Sup-
plementary Figure S5A). Conversely, Niche 3, 5, 7, and 8
increased posttreatments (Niche 3: 6.9% to 16.9%; Niche
5: 7.6% to 13.4%; Niche 7: 4.7% to 7.3%; Niche 8: 2.1%
to 8.3%). Gene Set Variation Analysis (GSVA) analysis
revealed upregulated mRNAs in posttreatment samples
enriched in pathways related to B cell receptor signal-
ing, complement action, and adaptive immune response,
while downregulated mRNAs were linked to epidermis
development and cell cycle regulation (Supplementary
Figure S5B). Niche 3, primarily composed of B cells and
CAFs (Supplementary Figure S1C),was located near tumor
niches (Supplementary Figure S2), suggesting interactions
with tumor cells. Transcriptomic analysis showed that pre-
treatment Niche 3 was associated with extracellular matrix
(ECM) markers (e.g., COL7A1 and DSP), while posttreat-
ment samples displayed upregulation of immune regu-
latory genes and B cell activation markers (e.g., IGHG3,
IGLC1, SFRP2, and SFPR4; Supplementary Figure S5C).
Gene Set Enrichment Analysis (GSEA) confirmed enrich-
ment of immune response and B cell-mediated immunity
gene sets in posttreatment Niche 3 (Supplementary Figure
S5D). CellChat analysis revealed increased communica-
tion strength between Niche 3 and tumor niches (Niche
1, 4, and 6) after treatment (Supplementary Figure S5E-F).
Ligand-receptor pairs (C3-ITGAX+ ITGB2, CCL5-ACKR1,
and SEMA3C-PLXND1) were significantly upregulated
posttreatment, suggesting their role in anti-tumor immu-
nity (Supplementary Figure S5G). Flow pattern showed
dominant SEMA3, CCL, ANGPTL, and COMPLEMENT
signaling pathways posttreatment, whereas VEGFA, VIS-
FATIN,NRG, andncWNTwere predominant pretreatment
(Supplementary Figure S5H).
To delineate key molecular characteristics of non-pCR

samples, we manually selected spots from residual tumors
(Supplementary Figure S6A) and identified an insensitive
signature score via Differential Expression Gene (DEG)
analysis between residual tumor cells and other niches
(Supplementary Figure S6B-C). GSEA revealed upreg-
ulated genes enriched in pathways, such as oxidative
phosphorylation, MYC targets, DNA repair, and interferon
alpha response (Supplementary Figure S6D-E). Using
high-dimensional Weighted Gene Co-expression Network
Analysis (hdWGCNA), we identified seven gene modules,
withModule RN4 showing the highest positive correlation
to the insensitive score (Supplementary Figure S6F-H).
Python-based Single-Cell Regulatory Network Inference
and Clustering (PySCENIC) analysis revealed differen-
tially activated transcription factors (TFs), includingHES1,
FOXQ1, and FOXA1, in the insensitive niche (Supplemen-
tary Figure S6I).
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Notably, FOXQ1 was consistently identified across
datasets and was significantly enriched in naïve non-pCR
samples compared to naïve pCR samples, suggesting its
key role in tumor cell insensitivity (Supplementary Figure
S7A-B). To explore interactions between insensitive niches
and the Tumor Microenvironment (TME), Squidpy anal-
ysis revealed a positive spatial association with Niche 10,
predominantly composed of immune cells like Tumor-
associated Macrophages (TAMs) and T cells (Supplemen-
tary Figure S7C). Immune suppressors such as CCL18
showed elevated expression in non-pCR patients, indi-
cating complex TME interactions (Supplementary Figure
S7D-E). Higher CCL18 expression was detected in Niche
10, with increased CCL18-PITPNM3 signaling between
Niches 10 and 1, 4, 6 in non-pCR patients (Supplemen-
tary Figure S7F-G). Further investigation revealed FOXQ1
and CCL18 expression significantly enriched in non-pCR
patients, particularly post-neoadjuvant therapy (Supple-
mentary Figure S8A-B). CD206+/CCL18+ TAMs were pre-
dominantly located near FOXQ1+ tumor cells, suggesting
localized immunosuppressive interactions (Supplemen-
tary Figure S8A).
In this study, oxidative phosphorylation and FOXQ1

expression were enriched in residual tumor cells post-
neoadjuvant therapy. FOXQ1, an oncogenic transcription
factor, promotes complex I-linked oxidative phospho-
rylation by upregulating NDUFS1 and NDUFV1 [8].
CD206+/CCL18+ TAM density differed significantly
between pCR and non-pCR patients, and these TAMs
were spatially near FOXQ1+ tumor cells. CCL18, a key
chemokine in tumor biology, induces regulatory T cell
recruitment and a pro-tumor M2-like macrophage pheno-
type [9]. It also promotes cancer progression via metastasis
and EMT through its receptor PITPNM3 [10]. The interac-
tion between FOXQ1+ tumor cells and CD206+/CCL18+
TAMs needs further study.
In conclusion, the combination of anlotinib with TP

neoadjuvant therapy demonstrates high clinical efficacy
and a favorable safety profile in patients with resectable
HNSCC. And further high-quality, multi-center, double-
blind phase III RCTs with longer follow-up are needed to
validate anlotinib’s potential in a larger HNSCC popula-
tion.
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