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Objective: The aim of this study was to evaluate the safety and efficacy of anlotinib

combined with chemoradiotherapy for treating esophageal squamous cell carcinoma

(ESCC) using patient-derived xenografts (PDXs).

Methods: PDX-bearing mice were randomly divided into five groups, as follows: control

group receiving normal saline, the group receiving radiotherapy, the group receiving

cisplatin combined with radiotherapy, the group receiving anlotinib combined with

radiotherapy, and the group receiving anlotinib, and cisplatin combined with radiotherapy.

Tumor volumes and body weights were measured three times weekly for 2 weeks. The

PDXs were initially assessed by comparing the histology of the original patient tumor

tissues with that of the corresponding serially passaged xenografts by hematoxylin and

eosin (H&E) and P63 staining. Then, expression of Bax, c-PARP, PCNA, and CD31 was

detected using immunohistochemistry, and apoptosis was detected by a TUNEL assay.

Cytokines released into plasma were analyzed using protein chip technology. Finally, two

case studies of ESCC patients were presented to further verify the results observed in

the PDX models.

Results: The pathological characteristics of the serially passaged patient tumor-derived

xenografts established in our study were in line with those of the original ESCC

patient samples. The group receiving anlotinib and cisplatin plus radiotherapy exhibited

the strongest antitumor response among the groups. Moreover, the ideal anticancer

effects of anlotinib combined with chemoradiotherapy observed in clinical patients were

consistent with the results observed in the PDX models, and no serious side effects were

observed during treatment.

Conclusions: Combination therapy with anlotinib and chemoradiotherapy may be an

effective regimen for the treatment of advanced ESCC.

Keywords: patient-derived xenograft, esophageal squamous cell carcinoma, anlotinib, chemoradiotherapy,

anti-angiogenesis
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FIGURE 8 | Representative images for Bax immunohistochemistry show that brownish yellow nuclei and cytoplasm staining, respectively, indicate the positive cells.

Varying degrees of positive rates were shown for the four treatment groups in which anlotinib combined with chemoradiation-treated group was the highest compared

with the control group. The figure provided is a representative image, and other images are provided in the Supplementary Files. RT, radiation therapy; DDP, cisplatin.

drugs such as anlotinib may exhibit a better clinical activity
in ESCC.

PDX models have recently emerged as ideal tools for the
development of antitumor agents. In our study, we introduced
this type of model to evaluate the efficacy and tolerability of
anlotinib for ESCC treatment. This type of xenograft model
has been reported in previous studies. For example, Jiang
et al. established 26 ESCC patient tumor-derived xenografts and
found that the pathological characteristics of the P3 xenografts,
which expressed CK5/6, P40, and P63, were consistent with
those of the original patient samples (22). Additionally,
Zhou et al. reported that 40 PDX models are established
from 188 esophageal carcinoma samples, and all consecutive
generations of P3 and P4 cells maintained the same histology
as the primary tumors (23). We first successfully established
PDX models from three patients with ESCC. Because the
experimental techniques used to establish the PDX models
were well-established, only H&E staining and P63 expression
were used for validation in our study. The validation assays

demonstrated that the model histology remained similar between
the passages and the original ESCC patient samples. Most
importantly, H&E staining revealed interstitial tissues in addition
to tumor cells; this finding benefited the development of our
study and verified the reliability of the experimental results,
because anlotinib targets the vascular system in malignancies.
We also found that all tumor masses in control group
exhibited a low microvessel density (MVD), indicating that
angiogenesis plays an important role in ESCC development.
These results were consistent with those of previous studies.
For instance, Liu et al. demonstrated that a human umbilical
vein endothelial cell (HUVEC) vaccine with anti-angiogenic
effects on ESCC inhibited tumor growth in a humanized mouse
model (24).

Because antiangiogenic drugs have usually been combined
with other anticancer treatments in previous investigations,
our study did not include a monotherapy group. Alternatively,
radiotherapy is the main treatment for locally advanced ESCC.
Therefore, we selected radiotherapy as the basis for designing
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FIGURE 9 | Representative images of changes in the number of vessels showed that the four treatment groups showed different numbers of vessels in which

anlotinib combined with chemoradiation-treated group was the lowest compared with the control group. The figure provided is a representative image, and other

images are provided in the Supplementary Files. RT, radiation therapy; DDP, cisplatin.

our therapeutic regimens. We first investigated the effect of
anlotinib on ESCC PDX tumor growth. The group treated
with anlotinib combined with chemoradiotherapy exhibited
significantly suppressed ESCC tumor growth and showed no
significant loss of body weight than did the control group
and the other three treatment groups. These data showed
that anlotinib combined with chemoradiotherapy may exert a
greater antitumor activity than either strategy alone and was
relatively well-tolerated, without significant adverse reactions. To
further explore the effect of anlotinib on tumor proliferation
and apoptosis in ESCC, tissues from PDX mice were evaluated
by TUNEL and immunohistochemical staining. The TUNEL
results provided strong evidence that combined treatment with
anlotinib and chemoradiotherapy, which induced the highest
apoptosis rate in all groups, is likely to be a therapeutic option
for ESCC patients. In the anlotinib treatment group, the vascular
density was significantly reduced compared with that in the other
groups. Collectively, these results demonstrated that anlotinib
combined with chemoradiotherapy can inhibit tumor growth by

increasing apoptosis and inhibiting angiogenesis. These results
suggested that the inhibition of angiogenesis may play an
important role in ESCC treatment in the future. However,
esophageal bleeding should be noted in the clinical application
of anlotinib.

In addition, we detected differences in the cytokine expression
profiles between the anlotinib treatment group and other
groups. Cytokines play an important role in innate immunity,
apoptosis, angiogenesis, and cell growth and differentiation.
They are involved in interactions between different cell types,
the maintenance of homeostasis, and cellular responses to
environmental conditions. More types of cytokines were released
in the anlotinib treatment group than in the other groups in our
study. The potential mechanism was that the body responded
robustly to changes in the tumor, especially under an effective
treatment regimen. Therefore, the cytokine profile indirectly
reflects the therapeutic efficacy of anlotinib in ESCC.

Finally, we recruited two ESCC patients as case studies to
further verify the therapeutic efficacy of anlotinib combined
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FIGURE 10 | The microvessel density (MVD) of different groups in patient-derived xenograft (PDX) models. The number of vessels were quantified by MVD, and the

data are shown as mean ± SD. Compared with the control group, differences of MVD at various degrees existed in four treatment groups, and anlotinib combined

with chemoradiation-treated group had the lowest MVD. RT, radiation therapy; DDP, cisplatin.

FIGURE 11 | Representative images during treatment showed that the vascular structures in the control group retained their normal shape. However, the vessels

showed pucker, and the vascular structures were damaged to different extent in the four treatment groups where the anlotinib combined with chemoradiation-treated

group exhibited the most significant change. The figure provided is a representative image, and other images are provided in the Supplementary Files. RT, radiation

therapy; DDP, cisplatin.

with chemoradiotherapy observed in PDXs. These two patients
responded poorly to the initial tumor therapy regimens and
had extensive LN metastasis. A previous study demonstrated
that patients with ESCC who have extensive LN involvement
have poor prognoses after conventional chemotherapy and
radiotherapy. Zhao et al. showed that the 5-years survival
rates were 43.6% for ESCC patients who received definitive
(chemo)radiotherapy in the N0 group and 29.3% for those
in the N+ group (P = 0.001) (24). Chen et al. reported
that the PFS and OS times in the LN metastasis group

were significantly shorter than those in the N0 metastasis
group (9.8 vs. 5.9 months, P < 0.001; 18.2 vs. 9.7 months,
P = 0.001, respectively), indicating that LN metastasis is
an independent factor of poor prognosis in patients with
locally advanced inoperable thoracic ESCC who have undergone
concurrent chemoradiotherapy (25). In addition, a randomized
multicenter study demonstrated that persistent pathological
LN metastasis after neoadjuvant chemoradiotherapy (NCRT)
plus surgery is a strong factor of poor prognosis in ESCC
(26). The patients in our study who had extensive LN
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FIGURE 12 | Representative images for proliferation marker of PCNA show that brownish yellow nuclei indicate the positive cells. Various degrees of positive rates

were shown in the four treatment groups in which anlotinib combined with chemoradiation-treated group was the lowest compared with control group. The figure

provided is a representative image, and other images are provided in the Supplementary Files. RT, radiation therapy; DDP, cisplatin.

involvement were similar to those in the above literature
reports. However, combination therapy with antiangiogenic
drugs and chemoradiotherapy is non-standard treatment for
ESCC patients; hence, only two patients are presented in
our study. The first patient exhibited enlarged LNs soon
after neoadjuvant chemotherapy and surgery. Therefore, this
patient was given combination therapy with anlotinib and
chemoradiotherapy with full informed consent. The second
patient exhibited an outcome of PD with continued widespread
LN enlargement after four cycles of chemotherapy. Considering
the limited effect of chemotherapy, this patient submitted
written informed consent and was given combination therapy
with anlotinib and chemoradiotherapy. The two patients
had similar clinical characteristics; that is, the conventional
chemotherapeutic regimen showed poor efficacy before anlotinib
intervention. Six weeks after combination therapy, both patients
showed remarkable clinical benefits. Chest CT scans revealed that
the primary tumor mass reduced in size and the enlarged LNs

shrank or became loosened with an outcome of PR. Moreover, no
esophageal bleeding, which we were concerned about, occurred
during the treatment. In conclusion, the ideal anticancer
effect of anlotinib combined with chemoradiotherapy observed
in clinical patients was consistent with the results observed
in PDX models, and no serious side effects were observed
during the treatment, indicating that combination therapy
with anlotinib and chemoradiotherapy may be an effective
treatment regimen for patients with ESCC. However, adverse
effects of the combination therapy need further confirmation
in randomized clinical trials involving more patients before
this approach can be used widely, although no serious side
effects were observed in our study, possibly owing to the
relatively small sample size. In addition, the combination
approach and opportunity for anlotinib intervention, as well
as the dosage of radiation used in the combination therapy,
differed between the two patients. Hence, to achieve a better
curative effect with fewer adverse reactions in ESCC patients,
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FIGURE 13 | Heatmaps show the released cytokines in plasma from four treatment groups compared with control group. RT, radiation therapy; DDP, cisplatin.
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TABLE 3 | Clinical characteristics of two involved patients.

Characteristics Patient 1 Patient 2

Gender Male Male

Age (year) 58 50

Tumor differentiation Moderately Moderately

TNM staging ypT4N2M0 cT2N3M1

Tumor location Upper Middle

Anlotinib 12mg, D1–14, Q3W 12mg, D1–14, Q3W

Chemotherapy (two cycles) Docetaxel (120mg, D1, Q3W)

Cisplatin (12mg, D1–14, Q3W)

Docetaxel (120 mg D1 Q3W)

Nedaplatin (60 mg D1–2 Q3W)

Tegafur (50mg D1–14 Q3W)

Radiotherapy 60 Gy(30f) 50 Gy(25f)

Radiation field Metastatic lymph nodes Metastatic lymph nodes; Primary

tumour

Site of metastatic lymph nodes Retroperitoneu; Mediastinum Mediastinum

Outcome PR PR

FIGURE 14 | Comparison of chest CT scan between before and after treatment for the first patient. (A1) Chest CT scan showing enlarged lymph nodes in the

retroperitoneum and mediastinum in postoperative re-examination. (A2) Chest CT showing that the enlarged lymph nodes in the retroperitoneum and mediastinum

shrank or became loosened after 6 weeks of anlotinib combined chemoradiotherapy. CT, computed tomography; PD, progressive disease; PR, partial progressive

disease.

the optimal combination regimen needs to be defined in further
clinical studies.

The limitations of our study should be emphasized. First,
owing to the limitation of the surgical specimens and the low
overall transplantation rate, the number of established PDX
models was small. In addition, the selection of patients who
accepted the therapeutic regimen of anlotinib combined with
chemoradiotherapy in the clinic was difficult; therefore, only

two case studies were presented herein. Finally, the molecular
mechanisms of anlotinib combined with chemoradiotherapy
need further exploration via basic experiments.

In conclusion, we successfully established ESCC patient
tumor-derived xenografts that maintained the pathological
characteristics of the patients’ tumors. Our results in these
models and clinical cases revealed the enhanced antitumor
effect of adding anlotinib to chemoradiotherapy as well as the
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FIGURE 15 | Comparison of chest CT scan between before and after treatment for the second patient. (B1) Chest CT showing that thickened esophageal wall and

the enlarged lymph nodes in the mediastinum with an outcome of PD after patient underwent four cycles of chemotherapy. (B2) Chest CT scan representing that the

primary tumor mass reduced in size and the enlarged lymph nodes in the mediastinum shrank or became loosened with an outcome of PR after anlotinib combined

with radiotherapy and two cycles of chemotherapy. CT, computed tomography; PD, progressive disease; PR, partial progressive disease.

good tolerability of this regimen without significant adverse
reactions, suggesting that combination therapy with anlotinib
and chemoradiotherapy may be an effective regimen for the
treatment of advanced ESCC.
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