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Method and device for screening drug 

 

This application claims priority to China patent application No. 201610918458.4 

filed on October 21, 2016, incorporate herein as reference.  

 5 

Technical field 

The present invention relates to the field of in vitro drug screening, in particular 

to a method for determining the sensitivity of a tumor cell to an anti-tumor drug in a 

time-efficient manner and a device used in the method.  

 10 

Background 

    Individualized precision medicine has been widely used in clinical practice, 

especially for cancer treatment. Chemotherapy is a major treatment for patients with 

advanced metastatic cancer, but chemotherapeutic drugs lack specificity to tumor 

cells -- while killing tumor cells, they also kill a large number of bone marrow cells 15 

and other proliferating normal cells, causing serious adverse effects. At the same time, 

drug resistance is often produced after repeated chemotherapies, which will affect the 

effect of the chemotherapy. Therefore, the need for individualized precision medical 

treatment is becoming more and more urgent. Individualized precision medical 

treatment not only improves the accuracy of the treatment for a patient, but also 20 

effectively reduces the randomness and blindness of the treatment, so as to reduce the 

injury to the patient caused by drugs. In recent years, a patient-derived xenograft 

(PDX) model is widely used in precision medicine. There are many large clinical 

medical centers in North America using PDX models for pre-clinical drug 

development and drug screening, as well as for guiding individualized treatment for 25 

cancer patients.  

The PDX model well maintains the biological characteristics the of primary 

tumor cells of a patient. The model is obtained by transplanting a fresh tumor tissue 

of a patient into an immune deficient mouse (e.g. a nude mouse or a severe combined 
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immune deficiency (SCID) mouse). Such models maintain the genetic characteristics 

of the patient as well as tumor heterogeneity. Presently, the major difficulty of using 

PDX model for individualized precision medical treatment is the lengthy time period 

spent on modelling and sensitivity test, and the low success rate for modelling. For 

example, primary cell transplantation takes 2~3 months, and the drug sensitivity test 5 

takes 3~4 months. In addition, PDX modelling requires a high level of technical skills. 

Surgeons, histologists and researchers need to cooperate closely after the tumor 

sample is obtained from the patient. Therefore, how to improve the method for 

determining the sensitivity of tumor cells to an anti-tumor drug by using a PDX 

model becomes an urgent issue.  10 

 

Summary of the invention 

To overcome the above mentioned technical problems, the present inventor has 

developed a method for determining the sensitivity of a tumor cell to an anti-tumor 

drug in a time-efficient and accurate manner.  15 

One aspect of the present invention provides a method for determining the 

sensitivity of a primary tumor cell to an anti-tumor drug, including the following 

steps: 

(1) transferring a primary tumor cell into an implant device; 

(2) implanting the implant device comprising the primary tumor cell into an 20 

animal; 

(3) administering a candidate drug to the animal; 

(4) determining the sensitivity of the tumor cell to the candidate drug.  

In embodiments, the primary tumor cell is obtained from an ex vivo tumor 

tissue sample. The ex vivo tumor sample can be obtained from a patient, or a PDX 25 

model established by using a tumor cell of the patient. 

In embodiments, the animal is a mouse, preferably a nude mouse.  

In embodiments, the sensitivity of the tumor cell to the candidate drug is 

determined in vitro. 

In embodiments, the candidate drug is administered to an animal orally or 30 
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parenterally.  

In embodiments, the primary tumor cell is an isolated tumor cell that has been 

digested and sorted.  

In embodiments, the sensitivity of the tumor cell to the candidate drug is 

determined 5-14 days after administering the candidate drug to the animal, preferably 5 

5-7 days after administering the candidate drug to the animal.   

In embodiments, the implant device is a tubular device having a molecular 

weight cut-off value of about 500,000 Dalton, preferably a modified polyvinylidene 

fluoride (PVDF) tube having a molecular weight cut-off value of about 500,000 

Dalton, more preferably a modified PVDF tube with an inner diameter of about 10 

1-2mm having a molecular weight cut-off value of about 500,000 Dalton. 

One aspect of the present invention is to provide a kit for determining the 

sensitivity of a primary tumor cell to an anti-tumor drug, comprising an implant 

device, said implant device is a tubular device with a molecular weight cut-off value 

of about 500,000 Dalton, preferably a modified polyvinylidene fluoride (PVDF) tube 15 

having a molecular weight cut-off value of about 500,000 Dalton, more preferably a 

modified PVDF tube with an inner diameter of about 1-2mm having a molecular 

weight cut-off value of about 500,000 Dalton. 

Another aspect of the present invention is to provide the use of the kit of the 

present invention for determining the sensitivity of a primary tumor cell to an 20 

anti-tumor drug and for screening anti-tumor drugs in a time-efficient manner. 

 

Figures  

Figure 1 is a schematic diagram of the method of the present invention.  

Figure 2 is a growth curve of primary gastric cancer cells obtained from a 25 

patient after administration of anti-tumor drug Tegafur in a traditional mouse PDX 

model GAPF155.  

Figure 3 shows the pharmacodynamic data according to the method of the 

present invention of anti-tumor drug Tegafur (S-1) for gastric cancer cells from an ex 
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vivo tumor tissue obtained from mouse PDX model GAPF155. 

Figure 4 is a growth curve of primary gastric cancer cells obtained from patients 

after administration of anti-tumor drug Tegafur in mouse PDX model GAPF157.  

Figure 5 shows the pharmacodynamic data according to the method of the 

present invention of anti-tumor drug Tegafur (S-1) for gastric cancer cells from an ex 5 

vivo tumor tissue obtained from mouse PDX model GAPF157. 

Figure 6 is a growth curve of primary gastric cancer cells obtained from patients 

after administration of anti-tumor drug Tegafur in mouse PDX model GAPF161. 

Figure 7 shows the pharmacodynamic data according to the method of the 

present invention of anti-tumor drug Tegafur (S-1) for gastric cancer cells from an ex 10 

vivo tumor tissue obtained from mouse PDX model GAPF161.  

Figure 8 shows the results of a sensitivity test for primary lung adenocarcinoma 

cells from a patient to drugs according to the method and the kit of the present 

invention.  

Figure 9 shows the results of a sensitivity test for primary duodenal cancer cells 15 

from a patient to drugs according to the method and the kit of the present invention.  

 

Detailed description of the invention 

The present invention provides a method for determining the sensitivity of a 

primary tumor cell to an anti-tumor drug, comprising the following steps: 20 

(1) transferring a primary tumor cell into an implant device; 

(2) implanting the implant device comprising the primary tumor cell into an 

animal; 

(3) administering a candidate drug to the animal; 

(4) determining the sensitivity of the tumor cell to the candidate drug.  25 

A primary tumor cell refers to a tumor cell obtained from an ex vivo tumor 

tissue sample. In embodiments, the primary tumor cell is isolated from a tumor tissue 

sample of a patient, including but not limited to a tumor tissue that is clinically 

removed, a tumor biopsy sample etc.. In embodiments, the primary tumor cell is 
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obtained from a PDX mouse model which comprises a tumor cell from a tumor tissue 

of a patient.  

The tumor cell can derive from tissue of various types of tumors, including but 

not limited to tumors located in the following parts of the body: the digestive tract 

(such as the stomach, intestine, duodenum, colon, pancreas, bile duct, anal canal, etc.), 5 

mammary glands, lung, liver, endocrine glands (such as adrenal gland, parathyroid 

gland, pituitary, testis, ovary, thymus, thyroid gland etc.), urinary and reproductive 

system (such as kidney, bladder, ovary, testis, prostate, etc.), skeletal muscle system 

(such as bone, smooth muscle, striated muscle, etc.), nervous system (such as brain), 

skin, head and neck, blood system and so on. For example, the primary tumor cell is 10 

derived from a gastric cancer tissue, a duodenal cancer tissue or a lung cancer tissue. 

The tumor cells can be derived from any type of tumors located in said parts of the 

body.  

In embodiments, the primary tumor cell of the invention is a tumor cell that has 

been digested and sorted. In embodiments, digestion is carried out as follows: remove 15 

the non-tumor tissue and necrotic tissue, cut the tumor samples into small cubes, rinse 

with HBSS, collect the pellets and use 1X collagenase at 37� to digest for 1-2 

hours. In embodiments, sorting was carried out as follows: dilute with serum medium 

(1:1) to terminate digestion and run through 70 �m screen mesh; collect cell 

suspension and centrifuge the suspension at 1000rpm for 3 minutes to remove 20 

supernatant, and re-suspended in PBS containing 1% FBS; adjust cell density to 1 x 

10
8
/ml; add CD45 cells sorting magnetic beads and fibroblasts sorting magnetic beads 

at a concentration of 20 �l/10
7
 cells, incubate for 30min at room temperature. Cells 

are rinsed with PBS containing 1% FBS and re-suspended with 2ml PBS containing 

1% FBS. The magnetic beads are mounted on the magnet column, and washed with 25 

PBS containing 1% FBS; then the re-suspended cells are loaded onto the magnetic 

column. After the liquid drains off, the column is washed twice with PBS containing 

1% FBS, and the outflow liquid is collected. The collected liquid is centrifuged at 

1000rpm for 3 minutes to remove the supernatant, suspended the precipitate in the 
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culture medium, counted the number of cells, and adjusted the cell density to 1-10�

10
5
/ml. 

The method for PDX mouse modelling is known in the art. For example, 

�Melanoma patient-derived xenografts accurately model the disease and develop 

fast enough to guide treatment decisions.", Oncotarget, Vol. 5, No. 20, Berglind O. 5 

Einarsdottir et al., published on September 8, 2014, and “Personalizing Cancer 

Treatment in the Age of Global Genomic Analyses: PALB2 Gene for cancer 

treatment in the global genome analysis: the mutation in the pancreatic cancer and the 

destruction of the pancreatic cancer. "Reaction of agents", Molecular Cancer 

Therapies, published for the first time on December 6, 2010; DOI: 10 

10.1158/1535-7163.MCT-10-0893, Maria C. Villarroel et al.  

The candidate drug in the present invention may be a known anti-tumor drug or 

a combination of known anti-tumor drugs, a new anti-tumor drug or combination of 

new anti-tumor drugs, or a new combination of known anti-tumor drugs. In the 

method of the invention, the drugs to be measured may be used in the form of solid, 15 

semisolid, or liquid, and may be administered at a desirable frequency as required.  

In the method of the present invention, the candidate drug can be administered 

to the animal orally or parenterally (such as via intravenous, intramuscular, 

subcutaneous or intravenous infusion), topical administration, inhalation, and 

transdermal delivery such as skin patches, implants, suppositories, etc. A skilled 20 

person in the art will choose a suitable route of administration according to needs. 

In embodiments of the present invention, the sensitivity of the tumor cell to the 

candidate drug can be determined 5-14 days after administering the drug to the 

animal, preferably, 5-7 days after administering the drug to the animal. In the present 

invention, the sensitivity of the tumor cell to the candidate drug can be determined in 25 

vitro, such as by means of the following methods including but not limited to ATP 

detection, MTT, Brdu labelling, Ki67 staining and so on.  

Another aspect of the invention relates to an implant device used in the method 

of the invention. In embodiments, the implant device is a tubular implant device with 
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a molecular weight cut-off value of about 500,000 Dalton. In a preferred embodiment, 

the tubular implant is a modified polyvinylidene fluoride tube, with a molecular 

weight cut off value of about 500,000 Dalton, more preferably the modified 

polyvinylidene fluoride tube has an inner diameter of about 1-2 mm. In embodiments 

of the invention, the implantation device can be implanted subcutaneously into the 5 

animals. A skilled person in the art will understand that a desired implantation 

method known in this field can be selected according to the need thereof. 

Another aspect of the present invention provides a kit, which comprises an 

implant device described in the invention. In embodiments, the kit contains a 

modified polyvinylidene fluoride tube with an inner diameter of 1-2mm, which cuts 10 

off molecules with a molecular weight of around 500,000 Dalton. In embodiments, 

the kit also includes an insertion page, which includes the user manual for the kit.  

The method of the present invention enables a primary tumor cells, especially 

an isolated and / or sorted tumor cells, to survive in the implant devices implanted in 

the experimental animals (such as mice), where the animal is a nutrition provider to 15 

enable the primary tumor cell to grow in the in vivo environment of the animal. The 

sensitivity of the tumor cell to anti-tumor drugs can be obtained rapidly and 

efficiently in vitro by detecting the growth state, the state of apoptosis and the degree 

of differentiation of the tumor cell after administering the drug to the animal. The 

results show that this method is highly correlated with the sensitivity results obtained 20 

by traditional PDX method. The invention can be combined with in vivo and in vitro 

experimental techniques to carry out rapid and efficient antitumor drug evaluation, 

greatly shortens the time needed for the traditional PDX model and saves the cost of 

clinical trials. In conclusion, the invention has the advantages of time-efficiency, 

convenient operation, low cost, good repeatability and applicability, in particular it 25 

realizes the rapid and accurate detection of the sensitivity of a tumor cell to antitumor 

drugs.  

 

Examples 
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For better illustration of the invention, the following is illustrated with reference 

to the accompanying drawings. 

 

Animals 

4 to 5-week old female Nu/Nu mice was ordered from the supplier (purchased 5 

from Beijing Vital River Laboratory Animal Technology Co., Ltd.) and raised in SPF 

grade animal room. Before the experiment, the animal was adapted for at least three 

days. 

 

Sample collection             10 

Freshly collected tumor samples obtained from surgery or from mouse PDX 

models containing tumor cells from patient were kept in a storage tube and 

transported to the laboratory on ice in the shortest possible time. 

 

Digestion and sorting             15 

After removing the non-tumor tissues and necrotic tissues in the biosafety 

cabinet, the tumor samples were cut into cubes of 1-3 mm
2
, rinsed with HBSS. Tumor 

tissue pellets were collected and centrifuged at 1000rpm for 3 minutes to remove the 

supernatant, and digested with 1X collagenase (purchased from Gibco) at 37 � for 

1-2 hours.                          20 

Diluted the digest mixture with serum medium (1:1) to terminate digestion and 

ran through 70 �m screen mesh. 

Collected cell suspension and centrifuged the suspension at 1000rpm for 3 

minutes to remove supernatant, and re-suspended in PBS containing 1% FBS; 

counted cell numbers and adjusted cell density to 1 x 10
8
/ml. 25 

Added CD45 cells sorting magnetic beads and fibroblasts sorting magnetic 

beads at 20 �l/10
7
 cells, incubated for 30min at room temperature.  

Cells were rinsed with PBS containing 1% FBS and re-suspended with 2ml PBS 

containing 1% FBS. The magnetic beads were mounted on the magnet column, and 
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washed with PBS containing 1% FBS. 

The re-suspended cells were loaded onto the magnetic column. After the liquid 

drained off, the column was washed twice with PBS containing 1% FBS, and the 

outflow liquid was collected.  

The collected liquid was centrifuged at 1000rpm for 3 minutes to remove the 5 

supernatant and suspended in culture medium. Counted the number of cells, and 

adjusted the cell density to 1-10�10
5
/ml. 

 

Cell tubing, inoculation and viability test 

Used a modified polyvinylidene fluoride tube with an inner diameter of 1mm 10 

as the implant device. The modified polyvinylidene fluoride tube has been 

pretreated by immersion, rinsing and high pressure sterilization. Intercepted the 

tube into segments of about 2 cm length, used PBS to repeatedly rinse 3-5 times, 

and blew off the liquid.  

The suspension of tumor cells was added to the modified polyvinylidene 15 

fluoride tube and sealed.             

The modified polyvinylidene fluoride (PVDF) tube was inoculated 

subcutaneously into the back of mice, and set the experiment groups and the 

control groups. The wound was glued with medical glue, and the mice were 

treated respectively.             20 

5-14 day after administration, the mice were killed and cell viability was 

detected by quantitative analysis of ATP by CellTiter-Glo luminescence in the 

modified polyvinylidene fluoride tubes. 

 

Data analysis 25 

According to the viability of tumor cells in the control group, the percentages of 

cell viable proliferation (t/c%) in the experiment groups were calculated, and then the 

efficacy of the corresponding drugs was evaluated.             

Figure 1 is a flow chart of the method of the invention for rapidly determining 
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the efficacy of an anti-tumor drug. First, an ex vivo tumor tissues were obtained and 

then digested and sorted to obtain the isolated tumor cells, and the tumor cells were 

transferred into the implant device. The implanted devices were subcutaneously 

inoculated into the animals (such as mice), and removed 5-7 days after an anti-tumor 

drug was administered to the animal. The viability of the tumor cells was measured.             5 

Figures 2-7 show a comparison of the results using a traditional PDX method 

and using the method of the invention. 

 

Example 1             

Mouse PDX model GAPF155 was obtained by implanting primary gastric 10 

cancer cells into mice. After 2 months of feeding, patient-derived gastric cancer cells 

were obtained from GAPF155. The sensitivity of the patient-derived gastric cancer 

cells in GAPF155 to S-1 was detected by the traditional PDX method and the method 

of the present invention (Fig. 2 and Fig. 3). The results showed that the tumor cells 

were sensitive to S-1. 15 

 

Example 2             

Mouse PDX model GAPF157 was obtained by implanting primary gastric 

cancer cells into mice. After 2 months of feeding, patient-derived gastric cancer cells 

were obtained from GAPF157. The sensitivity of the patient-derived gastric cancer 20 

cells in GAPF155 to S-1 was detected by the traditional PDX method and the method 

of the present invention (Fig.4 and Fig.5). The results showed that the tumor cells 

were sensitive to S-1. 

 

Example 3             25 

Mouse PDX model GAPF161 was obtained by implanting primary gastric 

cancer cells into mice. After 2 months of feeding, patient-derived gastric cancer cells 

were obtained from GAPF161. The sensitivity of the patient-derived gastric cancer 

cells in GAPF155 to S-1 was detected by the traditional PDX method and the method 
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of the present invention (Fig.6 and Fig.7). The results showed that the tumor cells 

were sensitive to S-1. 

             

The pharmacodynamic data obtained by the traditional PDX method and the 

method of the present invention showed that S-1 had good anti-tumor activity against 5 

the tumor cells in the GAPF155 model (FIGS. 2 and 3) and the tumor cells in the 

GAPF157 model (FIGS. 4 and 5), and S-1 had no obvious anti-tumor activity against 

the tumor cells in the GAPF161 model (FIGS. 6 and 7). The result obtained by the 

traditional PDX method was consistent with the result obtained by the present 

method. 10 

 

Example 4             

Male patients with lung adenocarcinoma (60 years old) were selected as the 

candidate. According to the clinical experience for lung adenocarcinoma, the doctor 

chose Pemetrexed plus cisplatin. After 3 courses of treatment (9 weeks), the patient's 15 

condition recurred and the tumor started to metastate. With the patient's informed 

consent, primary tumor cells were obtained from pleural effusion of the patient.             

The sensitivity of the primary lung adenocarcinoma cell to the anti-tumor drugs 

was detected by the method of the present invention. The results showed that the 

regimen of paclitaxel plus cisplatin exhibited strong anti-tumor activity against tumor 20 

samples in this patient (Fig. 8).             

Results after adjusting the treatment:             

The therapeutic regimen was changed to paclitaxel plus cisplatin by doctor. 

After 7 weeks of treatment, the pleural effusion disappeared and the patient was in 

stable condition and dismissed from hospital. 25 

 

Example 5             

A male patient with duodenal ampullary tumor was selected (56 years old). 

After the patient's informed consent, the primary tumor tissue was obtained from the 
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patient.             

Drug screening was carried out according to the method of the present invention. 

The results showed that patient well responded to gemcitabine for treatment of 

pancreatic cancer (Fig. 9).             

The doctor selected gemcitabine plus cisplatin based on the above results, and 5 

the patient's condition was under control.   

           

The following table 1 summarizes the results of the method of the present 

invention for determining the sensitivity of various types of primary cancer cells to 

anti-tumor drugs in patients.  10 

Table 1 

Type of cancer cells Number of cases Type of cancer cells Number of cases 

Lung cancer 72 Gastric cancer 14 

Cholangiocarcinoma 28 Pancreas cancer 35 

Gallbladder carcinoma 19 Liver cancer 15 

Osteosarcoma  1 Head and neck 

cancer 

5 

Colon cancer 23 Ovary cancer 3 

Glioma 10 Bladder cancer 2 

Carcinoma of 

duodenum 

3 Trophoblastoma 4 

Esophageal cancer 8 Adenoid cystic 

carcinoma 

1 

Endometrial 

carcinoma 

3 Testicular cancer 1 

Breast cancer 4 Prostate cancer 4 

Anal canal cancer 1 Rectal cancer 5 



 

 

13 

 

total 261 cases! 

 

The above examples are only described by way of illustration. Without 

deviating from the scope of protection specified in the appended claims of the present 

invention, variants may apply. 

 5 
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Claims 

 

1�A method for determining the sensitivity of a primary tumor cell to an 

anti-tumor drug, comprising the following steps: 

(1) transferring a primary tumor cell into an implant device; 5 

(2) implanting the implant device comprising the primary tumor cell into an 

animal; 

(3) administering a candidate drug to the animal; 

(4) determining the sensitivity of the tumor cell to the candidate drug. 

 10 

2�The method of claim 1, wherein the primary tumor cell is obtained from an ex 

vivo tumor tissue sample. 

 

3�The method of claim 2, wherein the ex vivo tumor tissue sample is obtained 

from a patient, or obtained from a PDX model established using a tumor cell of a 15 

patient. 

 

4�The method of any one of claims 1-3, wherein the animal is a mouse, 

preferably a nude mouse. 

 20 

5�The method of any one of claims 1-4, wherein the sensitivity of the tumor cell 

to the candidate drug is determined in vitro. 

 

6� The method of any one of claims 1-5, wherein the candidate drug is 

administered to the animal orally or parenterally. 25 

 

7�The method of any one of claims 1-6, wherein the primary tumor cell is an 

isolated tumor cell that has been digested and/or sorted.  

 

8�The method of any one of claims 1-7, wherein the sensitivity of the tumor cell 30 

to the candidate drug is determined 5-14 days after administering the candidate drug 



 

15 

 

to the animal, preferably the sensitivity of the tumor cell to the candidate drug is 

determined 5-7 days after administering the candidate drug to the animal. 

 

9�The method of any one of claims 1-8, wherein the implant device is a tubular 

device having a molecular weight cut-off value of about 500,000 Dalton, preferably a 5 

modified polyvinylidene fluoride (PVDF) tube having a molecular weight cut-off 

value of about 500,000 Dalton, more preferably a modified PVDF tube with an inner 

diameter of about 1-2mm having a molecular weight cut-off value of about 500,000 

Dalton.  

 10 

10�The method of any one of claims 1-9, wherein the implant device is 

implanted into the animal subcutaneously.  

 

11�A kit for determining the sensitivity of a primary tumor cell to an anti-tumor 

drug, comprising an implant device, said implant device is a tubular device having a 15 

molecular weight cut-off value of about 500,000 Dalton, preferably a modified 

polyvinylidene fluoride (PVDF) tube having a molecular weight cut-off value of 

about 500,000 Dalton, more preferably a modified PVDF tube with an inner diameter 

of about 1-2mm having a molecular weight cut-off value of about 500,000 Dalton.   

 20 

12�The kit of claim 11, which is used for carrying out the method according to 

any one of claims 1-10. 

 

13�Use of the kit of claim 12 for determining the sensitivity of a primary tumor 

cell to an anti-tumor drug and for screening anti-tumor drugs in a time-efficient 25 

manner.   

 

 

 




