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Abstract: Objective: Fresh tumor tissues from patients with gynecological tumors were obtained by surgery or bi-
opsy, and transplanted into NOD-Prkdcem26ll2rgem26Nju (NCG) mice to establish a patient-derived tumor xeno-
graft (PDTX). Materials and methods: A total of 15 patients with gynecologic tumors were enrolled into the present 
study. Among these patients, 12 patients had epithelial fallopian tube/ovarian/peritoneal cancer, one patient had 
metastatic ovarian cancer, and two patients had cervical cancer. Furthermore, among these patients, three patients 
were treated with puncture or microscopy biopsy, six patients underwent laparoscopic surgery, and six patients 
underwent robotic surgery. The tumor formation latency, tumor formation rate, tumor volume, tumor invasion and 
metastasis of the transplanted tumor were observed, the consistency of the PDTX model tumor tissue and patient’s 
primary tumor tissue was compared by pathological H&E staining, and pharmacodynamics testing was performed. 
Results: Seven of 15 PDTX models were successfully established, with a success rate of 46.7%. The tumor forma-
tion time ranged within 21-130 days, with a median tumor formation time of 73 days. The PDTX model maintained 
the differentiation, morphological and structural characteristics of tumor cells, and the pharmacodynamic test was 
completed in five patients. Conclusion: The PDTX model is highly consistent with the pathology of the patient’s tu-
mor, and can be used as a substitute for clinical patients to guide the accurate treatment and scientific research of 
gynecological tumors.
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Introduction

Tumors have become one of the most serious 
diseases that threaten human life in modern 
society. In gynecological tumors, ovarian can-
cer, cervical cancer and endometrial cancer 
remain as the most important female reproduc-
tive tract malignancies that threaten women’s 
health. Chemotherapy with cytotoxic drugs is 
an important treatment for advanced gyneco-
logic tumors. However, the efficacy of most 
anti-tumor chemotherapy drugs remains unsat-
isfactory. Furthermore, the objective effective 
rate of chemotherapy in clinical practice dif-
fers. Therefore, there is an urgent need to de- 
termine how to select the appropriate chemo-
therapy drug and/or regimen for a certain 
patient to improve the efficacy of chemothera-
py in clinical practice. At present, the main 

methods for tumor pharmacodynamic testing 
are in vitro drug evaluation using human tumor 
cell lines and the in vivo pharmacodynamic 
testing of xenograft models. However, since the 
established standard tumor cell line irreversibly 
loses important biological properties of the 
original tumor (such as tumor stromal cells, vas-
cular components, cytokines, etc.), it does not 
fully reflect the phenotype or genomic feature 
type of the original tumor [1-3]. The patient-
derived tumor xenograft (PDTX) model estab-
lishes an animal xenograft model in severely 
immunodeficient mice (SCID) with fresh tumor 
tissues surgically resected or biopsied, and the 
PDTX model retains the tumor tissue. Hete- 
rogeneity, which retains human stromal cells, 
vascular tissues and cytokines, maintains the 
microenvironment of the tumor tissue, and is 
an ideal model for clinical research and phar-
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macodynamic tests. PDTX models, such as br- 
east cancer, lung cancer, pancreatic cancer, 
brain tumor and colon cancer, have been widely 
used in preclinical drug detection and biomark-
er identification [4]. Recently, there have been 
reports of the establishment of a PDTX model 
for gynecologic oncology. However, the meth-
ods of vaccination are different [5-10]. In the 
present study, the PDTX model was established 
using tumor tissues obtained by clinical opera-
tion or biopsy. Histopathology and pharmacody-
namic tests were carried out to further explore 
the feasibility of establishing a stable preclini-
cal drug screening platform.

Materials and methods

Experimental animals

A total of 262 SPF-grade female NCG mice, 
which were 6-8 weeks old and weighed 20 ± 2 
g, were purchased from the Nanjing University 
Model Animals Institute. These animals were 
housed in an SPF-grade animal facility at 25 ± 
2°C with a humidity of 40%-70%. In addition, 
12-hour/12-hour was alternated between day 
and night, and these mice were given a free 
diet. Before the experiment, these mice were 
adaptively reared for more than three days.

Reagents and consumables

The following were used: Leibobitz’s L15 tissue 
preservation solution (containing L-glutamine), 
10% neutral formaldehyde, penicillin and strep-
tomycin (pen/strep), disposable surgical equip-
ment, gauze, etc.

Tumor specimen source and treatment

Fresh tumor tissues were collected from 15 
patients by surgery or biopsy in the Department 
of Obstetrics and Gynecology of the General 
Hospital of the PLA (Table 1). After the opera-
tion or biopsy, the specimens were immediately 
placed in the tissue preservation solution and 
transported to the laboratory. Then, the necrot-
ic substance on the tissue surface was 
removed, and blood was cleaned on an ultra-
clean workbench. Afterwards, the tumor trans-
plantation was conducted within 12 hours after 
sampling.

Tumor transplantation method and passage

The better viable part was selected from freshly 
obtained tumor tissues, and was cut into small 

pieces of approximately 2.0 × 2.0 × 2.0 mm3 
with tissue scissors in a medium containing 1% 
pen/strep. The side skin from the forelimbs was 
disinfected with alcohol, a trocar was inserted 
into the skin under the back, and the tumor tis-
sue was quickly injected into the skin. Then, the 
needle was rotated and pulled out. Blood was 
removed with an alcohol swab to prevent resid-
ual blood from causing biting in mice. Each 
case based on the size of the specimen was 
transplanted into 3-8 mice. The animals were 
weighed twice a week. When the tumor formed, 
the long diameter and broad diameter of the 
tumor were measured twice a week, and the 
relative tumor volume (relative tumor volume = 
0.5 × long diameter × short diameter2) was cal-
culated. P2 passage was performed when the 
P1 generation tumor reached 500 mm³.

Model monitoring indicator

The general condition of mice was observed 
daily (including hair color, mental state, activity, 
diet, etc.). Furthermore, the growth of local sub-
cutaneously transplanted tumors was observed 
and recorded. When the transplanted tumor tis-
sue reached the size of soybean micro-nodules 
(≈ 60 mm3), this was regarded as the tumor for-
mation latency. Then, the tumor formation rate, 
survival rate and mortality of the mice were 
observed and recorded. After mice were sacri-
ficed, the transplanted tumors were taken out, 
and the appearance of the transplanted tumors 
was observed. The tumor specimens of each 
patient and transplanted tumor were subjected 
to routine pathological section and hematoxy-
lin-eosin (H&E) staining to observe the histo-
morphological features of the tumors.

Pharmacodynamic test 

When the passaged tumors reached 100-150 
mm3, these were randomly divided into groups 
and treated with different regimens. The tumor 
volume of mice was measured twice a week. 
After the samples were collected, these were 
photographed, and the tumor inhibition rate of 
each group was calculated. Tumor inhibition 
rate = (control group tumor volume - experimen-
tal group tumor volume)/control tumor volume 
× 100%.

Statistical methods

The software program SPSS 20.0 was used to 
conduct the statistical analysis. Continuous 
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Table 1. General situation of the PDTX modeling
Serial  
No.

Patient 
No.

Age 
(year) Diagnosis Pathological type Pathological 

grading Stage Sampling 
method

Modeling 
situation

Tumor formation 
time (day)

1 130112 73 Cervical cancer Squamous cell carcinoma G2 IB1 Biopsy Positive* 80
2 110158 52 Cervical cancer Squamous cell carcinoma G2 IB2 Biopsy Positive* 21
3 110102 34 Ovarian metastatic carcinoma (digestive tract tumor) Signet ring cell carcinoma G3 IV Robot Negative
4 110103 57 Ovarian cancer Adenocarcinoma G3 IIIC Laparoscope Negative
5 110113 50 Ovarian cancer Endometrioid carcinoma G1 IA Robot Negative
6 A11035 51 Ovarian cancer Clear cell carcinoma G3 N/A Laparoscope Negative
7 A10043 68 Fallopian tube carcinoma Serous adenocarcinoma G3 IA Robot Negative
8 130140 55 Fallopian tube carcinoma Serous adenocarcinoma G1 IIB Puncture Positive* 73
9 130141 61 Ovarian cancer Serous adenocarcinoma G3 IIIC Robot Negative
10 110164 60 Peritoneal cancer Serous adenocarcinoma G2 IIIC Laparoscope Positive* 89
11 110179 60 Peritoneal cancer Serous adenocarcinoma G2 IIIC Robot Negative
12 0101001 53 Recurrent ovarian cancer Adenocarcinoma G3 IIIC Laparoscope Positive 130
13 0101005 43 Recurrent ovarian cancer Serous adenocarcinoma G3 IIB Laparoscope Positive 68
14 0101007 58 Ovarian cancer Serous adenocarcinoma G3 IIIC Robot Positive* 28
15 0101012 47 Ovarian cancer Serous adenocarcinoma G3 IIIB Laparoscope Negative
*PDTX model was successfully established.
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variables were expressed as mean ± standard 
deviation (SD), while non-continuous variables 
were expressed in percentage.

Results

Mice growth

On the 2nd day after inoculation, the mental 
state of mice recovered well, the activity was 
better, and the diet and hair color were 
normal.

The growth latency of mice tumors and growth 
of tumor-bearing mice

From 21 to 130 days after tumor tissue trans-
plantation, a solid mass with a slightly hard tex-
ture that protruded from the skin was observed. 
The growth curve of each sample is presented 
in Figure 1. As the tumors continued to in- 
crease, some mice had different degrees of 
weight loss, arched back, and so on. When the 
tumor volume was ≥ 500 mm3 (Figure 2), pas-
sage was carried out. At approximately four 
weeks after passage, the tumor volume of the 
P2 generation exceeded 60 mm3, and the grou- 
ping was conducted at approximately six weeks 

after passage to carry out the pharmacody-
namic test.

Mouse tumor formation rate and tumor growth 
rate

Seven of the 15 PDTX models were successful, 
with a success rate of 46.7%. Furthermore, the 
tumor formation time ranged from 21 days to 
130 days, with a median formation time of 73 
days. There was no natural regression after the 
tumor exceeded 100 mm³ (Figure 1).

Histopathological examination of patient speci-
mens and transplanted tumors

When tumors in these tumor-bearing mice grew 
large enough, or when there was obvious weight 
loss and hair loss, mice were euthanized, and 
the transplanted tumors were collected. The 
surface of the tumors was smooth, showing a 
round or round-like solid tumor, and the texture 
was slightly hard (Figure 2).

Histopathological test

The patient specimen and transplanted tumor 
specimen were made into pathological sec-

Figure 1. Tumor volume/time growth curve of P1 generation of mice after transplantation: From 21 to 130 days af-
ter tumor tissue transplantation, a solid mass with a slightly hard texture that protruded from the skin was observed. 
Seven of the 15 PDTX models were successful, with a success rate of 46.7%. The tumor formation time ranged from 
21 days to 130 days, with a median formation time of 73 days. There was no natural regression after the tumor 
exceeded 100 mm3.
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tions, and subjected to H&E staining, followed 
by observation under a 400-fold light micro-
scope. The consistency of the tumor pathology 
from PDTX mice (130112, 130140, 110158, 
110164 and 0101007) was compared with 
that from the original patients (Figure 3).

Pharmacodynamic test results

Pharmacodynamic tests were performed on 
five of seven successful models, which involved 
24 different therapeutic regimens. The thera-
peutic effect of each scheme varied in the 
PDTX models (Figures 4 and 5). For specimen 
130112, the combination of cisplatin, doxoru-
bicin and cyclophosphamide had the best 
effect, with a tumor inhibition rate of 57.5%. For 
specimen 130140, cisplatin, carboplatin, and 
the combination of paclitaxel and lobaplatin 
had a significant effect, with a tumor inhibition 
rate of 95.7%, 92.4% and 92.8%, respectively. 
For specimen 110164, the combination of bev-

acizumab, paclitaxel and cisplatin had the best 
effect, with a tumor inhibition rate of 71%. For 
specimen 110158, the combination of bevaci-
zumab and cisplatin exhibited the best effect, 
with a tumor inhibition rate of 67.1%. For speci-
men 0101007, both cyclophosphamide and 
doxorubicin liposomes were effective, with a 
tumor inhibition rate of 65.71% and 63.09%, 
respectively.

Discussion

The PDTX model maintains the differentiation, 
morphological, structural and molecular char-
acteristics of tumor cells. To some extent, the 
blood supply characteristics, matrix character-
istics, growth and necrosis of transplanted 
tumors in mice are consistent with those of 
human tumors, providing an important and 
highly consistent in vivo model for drug therapy 
for tumors. For example, Pierre EC et al. trans-
planted fresh tumor tissues from 77 patients 

Figure 2. Mouse tumor-bearing condition: As the tumors continued to increase, some mice had different degrees of 
weight loss and arched back. When the tumor volume was ≥ 500 mm3, passage was carried out. The surface of the 
tumors was smooth, showing a round or round-like solid tumor, and the texture was slightly hard.
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with ovarian cancer into nude mice to establish 
PDTX models, among which 35 were success-
ful [11]. These results revealed that the histo-
morphological features of the primary tumor 
tissues of patients with tumor and ovarian can-
cer in the PDTX model were basically the same, 
and the gene expression profiles were basically 
the same. Oh DY et al. used fresh tumor tissues 
from 21 patients with cervical cancer to estab-

lish a PDTX model, among which 14 were suc-
cessful. In addition, it was found that the histo-
pathological features of tumors from the cervi-
cal cancer PDTX model were completely consis-
tent with those of primary tumors, and the 
expression of HER-2 was also highly consistent 
[12]. The PDTX model has been widely used in 
the research and development of new anti-
tumor drugs, and has been successfully applied 

Figure 3. The comparison of pathological consistency between the primary tumor of patients and the PDTX model 
mice tumor. The results are basically consistent. The patient specimen and transplanted tumor specimen were 
prepared into pathological sections and subjected to H&E staining, followed by observation under a 400-fold light 
microscope.
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in clinical practice in recent years. That is, the 
PDTX model has been used to test the pharma-
codynamics of different therapeutic drugs and/
or regimens in vivo, and the optimal therapeutic 
drugs and/or regimens can be selected as an 
important reference. Therefore, the clinical effi-
cacy and safety of drug treatment can be sig-
nificantly improved. Previous studies have re- 
vealed that the pharmacodynamic test based 
on the PDTX model could increase the efficien-
cy of chemotherapy from 20%-30% to approxi-
mately 80%. Erriquez J et al. [13] established 

PDTX models using fresh ovarian cancer tis-
sues obtained before and after neoadjuvant 
chemotherapy, and were treated with carbopla-
tin, gemcitabine, liposomal doxorubicin and 
alkylating agent, respectively The results re- 
vealed that in the neoadjuvant chemotherapy-
treated epithelial ovarian cancer model, the 
platinum-sensitive and platinum-resistant PD- 
TX models had significant differences in plati-
num-like responses. In addition, the pharmaco-
dynamic test results of the platinum-sensitive 
PDTX models revealed that carboplatin treat-

Figure 4. Pharmacodynamic curve: Pharmacodynamic tests were performed on five of the seven successful models, 
which involved 24 different therapeutic regimens. The therapeutic effect of each scheme varied in the PDTX models.

Figure 5. Sampling after the End of Dosing: For specimen 
130112, the combination of cisplatin, doxorubicin and cy-
clophosphamide had the best effect, with a tumor inhibition 
rate of 57.5%. For specimen 130140, cisplatin, carboplatin, 
and the combination of paclitaxel and lobaplatin had a sig-
nificant effect, with a tumor inhibition rate of 95.7%, 92.4% 
and 92.8%, respectively. For specimen 110164, the combi-
nation of bevacizumab, paclitaxel and cisplatin had the best 
effect, with a tumor inhibition rate of 71%. For specimen 
110158, the combination of bevacizumab and cisplatin ex-
hibited the best effect, with a tumor inhibition rate of 67.1%. 
For specimen 0101007, both cyclophosphamide and doxo-
rubicin liposomes were effective, with a tumor inhibition 
rate of 65.71% and 63.09%, respectively.
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ment was effective, while platinum-based treat-
ment in the platinum-resistant PDTX model was 
not effective, and this was consistent with clini-
cal treatment results. The pharmacodynamic 
test results of the PDTX models in patients with 
platinum-resistance revealed that the effect of 
doxorubicin liposome was significant. In addi-
tion, the patient achieved complete response 
with the second-line treatment of doxorubicin 
liposome, which guided the clinical treatment. 
At the same time, these results indicated that 
the sensitivity of the patient model to the drug 
has also changed before and after neoadjuvant 
chemotherapy. In addition, trabectedin, an 
anti-soft tissue sarcoma drug, was more effec-
tive than carboplatin in the treatment of plati-
num-sensitive patients pretreated by neoadju-
vant chemotherapy, thereby providing a broad-
er choice for the treatment of these patients 
after recurrence. These results suggest that 
the PDTX model can be used to screen out the 
best individualized treatment regimen as an 
important clinical reference, in order to avoid 
the blind usage of medication, reduce side 
effects, and improve the quality of life and pro-
long the survival of patients. 

In the present study, seven of 15 PDTX models 
were successful, with a success rate of 46.7%. 
The tumor formation time ranged from 21 days 
to 130 days, with a median formation time of 
73 days. Pathological H&E staining was per-
formed on tumor tissues obtained from five 
PDTX models, which were successfully mod-
eled, and these were compared with the prima-
ry tumors obtained from patients. These results 
revealed that the pathological features of the 
PDTX models were consistent with those of pri-
mary tumors. Furthermore, this is consistent 
with the results of other researchers on differ-
ent tumors, such as gastric cancer, liver cancer, 
lung cancer, colorectal cancer, melanoma and 
esophageal cancer, etc. Moreover, this also 
confirms that the PDTX model maintains the 
biological characteristics of primary tumors. 
Hence, it is a stable and reliable model for can-
cer research, thereby providing a good animal 
model for cancer research [14-16]. In the pres-
ent study, five samples were screened for more 
effective drugs, and one of these was applied 
in clinic. For specimen 130112, the combina-
tion of cisplatin, doxorubicin and cyclophospha-
mide had the best effect, with a tumor inhibi-
tion rate of 57.5%. For specimen 130140, cis-
platin, carboplatin, and the combination of pa- 

clitaxel and lobaplatin had a significant effect, 
with a tumor inhibition rate of 95.7%, 92.4% 
and 92.8%, respectively. For specimen 110158, 
the combination of bevacizumab and cisplatin 
exhibited the best effect, with a tumor inhibi-
tion rate of 67.1%. For specimen 0101007, 
both cyclophosphamide and doxorubicin lipo-
somes were effective, with a tumor inhibition 
rate of 65.71% and 63.09%, respectively. The 
patient was initially treated with paclitaxel plus 
lobaplatin, and complete response was achi- 
eved during the chemotherapy. However, pleu-
ral, ascites and pelvic masses reappeared at 
two months after the cessation of chemothera-
py, and tumor recurrence was confirmed by 
cytology. Based on the PDTX results, the che-
motherapy regimen was changed to the combi-
nation of cyclophosphamide, doxorubicin lipo-
some and cisplatin. At present, chemotherapy 
has been carried out for two courses, and the 
tumor markers significantly decreased, while 
the tumors shrunk. 

The main factors that affected the success rate 
of the modeling included the following: (1) 
Tumor type and malignancy: This includes 
tumor classification, stage, differentiation, and 
malignancy. The higher the degree of malignan-
cy, the higher the success rate of the modeling. 
(2) The degree of immunodeficiency in trans-
plant recipients: At present, immunodeficient 
mice have been commonly used in the market, 
which mainly include nude mice, SCID, NOD/
SCID, and NCG/NOG/NSG. The success rate of 
the modeling in NCG/NOG/NSG mice with a 
higher degree of immunodeficiency was rela-
tively higher. (3) Tissue transport and trans-
plantation procedures: The shorter the span 
between specimen collection and transplanta-
tion, the better the tissue viability, and the high-
er the success rate of the modeling. Pre-tr- 
ansplantation treatment, such as rinsing and 
removing impurities, including the surrounding 
blood and fat, selecting tissues with better via-
bility, and performing transplantation at the 
position with a rich blood supply, can improve 
the modeling success rate, and facilitate the 
observation and measurement. (4) Recent che-
motherapy history: For naïve patients, it is 
important to determine whether these patients 
received preoperative neoadjuvant chemother-
apy before the sampling. According to the 
report of Dodbiba L et al. [17], when a patient 
received neoadjuvant chemotherapy before 
sampling, the modeling success rate was only 
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22%, while when the patient did not receive 
neoadjuvant chemotherapy before sampling, 
the modeling success rate was 78%. For re- 
lapsed patients, the longer the interval betw- 
een the last chemotherapy and sampling time, 
the higher the success rate of the modeling. 
However, models with the histology, IHC and 
expression analysis of relevant marker genes 
remains unknown, and should be further re- 
searched.

The PDTX model preserves the biological char-
acteristics of the primary tumor tissue and its 
response to drugs [2, 18-21]. It can be used to 
test a variety of drugs and/or regimens in vivo, 
in order to provide prioritization, thereby reduc-
ing the blindness of clinical medication. For 
early diagnosed platinum-resistant epithelial 
ovarian cancer, the chemotherapy regimen sh- 
ould be changed according to the results of  
the PDTX model. Therefore, the PDTX model 
can more effectively guide the individualized 
treatment of gynecologic cancer patients, in 
order to obtain the best clinical outcome [22].
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