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Background: Patient-derived tumor xenografts (PDX) are considered as a more reliable 

experiment model for screening chemotherapeutic drugs. However, the tumorigenic rate differs 

depending on mouse strains, which generates the experimental variability. 

Materials and methods: In this study, we built PDX models of human non-small-cell lung 

cancer (NSCLC) in NOD/SCID mice in comparison with BALB/c mice. 

Results: The result showed that the tumorigenesis rate of NOD/SCID mice (46.2%, 18/39) was 

higher than that of BALB/c mice (17.39%, 4/23). Latent times of tumorigenesis of NOD/SCID 

mice (41±18 days) were shorter than these of BALB/c mice (53±17 days). Times of tumorigenesis 

of NOD/SCID mice (85±25 days) were shorter than that of BALB/c mice (104±14 days). In 

addition, squamous carcinoma tissues were more likely to form tumors than adenocarcinoma 

tissues in NOD/SCID mice (P=0.008) and BALB/c mice (P=0.09). Also tumors could retain 

patients’ tumor characteristics in NOD/SCID mice and BALB/c mice xenograft models.

Conclusion: It is worth mentioning that the result of the drug experiment in the PDX models was 

consistent with the effect of clinical chemotherapy. As a result, NOD/SCID mice have advantages 

in a higher rate of tumorigenesis, shorter latent times of tumorigenesis and times of tumorigen-

esis over BALB/c mice in PDX models. It can provide a more reliable model of drug screening.
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Introduction
Although target-specific drug therapy has benefited many lung cancer patients, lung 

cancer is still the leading cause of death among human cancers worldwide.1 Research-

ers have been exploring new drugs to prolong the life expectancy of patients with 

non-small-cell lung cancer (NSCLC).2 However, only 5% of new anti-cancer drugs 

are approved for clinical trials, which indicates that most of the current preclinical 

methods are limited in predicting successful outcomes.3–5 At present, constructing 

preclinical models is a feasible method. It requires that these models should faithfully 

simulate the major features of human cancers.

Patient-derived tumor xenograft (PDX) models are established by inoculating 

fresh patient tumor tissues subcutaneously or in situ into immune-deficient mice. The 

model is a prevalent experimental model for predicting tumor characteristics in tumor 

occurrence or development.5–8 It can stably inherit the tumor biological characteristics 

and maintain the tumor pathological traits and tumor heterogeneity.9 This experimental 

model will provide a method for clinically personalized treatment. But some studies 

showed that the rate of tumorigenesis is around 20%–60% in first generation and 
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beyond 75% in the second to fifth generation PDX model.4 

The difference in the tumorigenesis rates can be related to dif-

ference among mice strains. In the abovementioned studies, 

NOD/SCID mice and BALB/c mice were applied to build a 

PDX model, but the rates of tumorigenesis were significantly 

different. This study was aimed at selecting a better mouse 

line between NOD/SCID mice and BALB/c mice to build 

a PDX model by comparing the rates of tumorigenesis, the 

latent times of tumorigenesis, the times of tumorigenesis 

and pathological features. It will provide a better base for 

screening chemotherapeutic drugs.

Materials and methods
animals and chemotherapeutic drugs
All animal experiments and maintenance conformed to the 

guidelines of both the Animal Care and Use Committee and 

the Chinese Association of Laboratory Animal Care. Female 

NOD/SCID and BALB/c nude mice (Vital River, Beijing, 

People’s Reublic of China) aged 6–8 weeks (average weight 

23 g) were used in this study. These mice were raised in a 

pathogen-free environment at a temperature of 21±2°C and a 

relative humidity of 30%–70% at the animal center in Beijing 

Chest Hospital. Specialized personnel were responsible for 

their feeding.

Cisplatin (Sigma-Aldrich, St Louis, MO, USA) was used 

in the concentration of 2.5 mg/kg. Docetaxel (Selleck, Hous-

ton, TX, USA) was used in the concentration of 12 mg/kg. 

Paclitaxel (Selleck) was used in the concentration of 25 mg/

kg. Pemetrexed (Selleck) was used in the concentration of 75 

mg/kg. Gemcitabine (Selleck) was used in a concentration 

of 120 mg/kg. These drugs were administered twice a week. 

Gefitinib (Selleck) was used at a concentration of 75 mg/kg. 

The drug was administered five times a week.

Patients and their tissue specimens
This study was approved by the Beijing Chest Hospital Eth-

ics Committee, and all patients provided written informed 

consent in accordance with the Declaration of Helsinki. 

The tissue specimens of 44 lung cancer patients at Beijing 

Chest Hospital between July 2016 and December 2017 were 

obtained by a surgical operation. Patients were confirmed as 

NSCLC by pathology. They had not received chemotherapy, 

radiotherapy or other kinds of therapies relating to NSCLC 

treatment. If the patients had suffered from another type of 

tumor within the previous 5 years, or infectious diseases like 

active tuberculosis, HIV 1&2, HBV and HCV (the elimination 

of these four diseases was aimed at to protect the manipu-

lators), they were excluded from this study. Patients were 

classified by the UIUC Eighth Edition Lung Cancer Stage 

Classification in 2017.

Building patient-derived tumor xenograft 
models
The experiments were approved by the Animal Research 

Committee Guidelines of Beijing Chest Hospital, Capital 

Medical University. Surgical specimens of 39 patients were 

inoculated in NOD/SCID mice to build PDX models. Sur-

gical specimens of 23 patients were inoculated in BALB/c 

mice to build PDX models. Also, specimens of 18 patients 

were inoculated in NOD/SCID mice and BALB/c mice. All 

tissues were stored in RPMI-1640 medium (Thermo Fisher 

Scientific, Inc., Waltham, MA, USA) supplemented with 

20% fetal bovine serum (FBS; Thermo Fisher Scientific, Inc.) 

within 30 minutes of resection of the tumor tissues. The pro-

cedure associated with tumor implantation was carried out in 

specific pathogen-free conditions at the experimental animal 

center. First of all, the manipulators removed the non-tumor 

tissues and necrosis areas, and washed them three times with 

RPMI-1640 medium supplemented with 20% fetal bovine 

serum. After that, tissues were divided into smaller pieces 

at an average volume of 2×2×2 mm, then four pieces were 

loaded into the trocars. Next, 75% medical alcohol was used 

to sterilize the midline of the lower abdomen. Tissues were 

vaccinated under the underarm through the abdomen sub-

cutaneously. All the patients’ information and experimental 

animals’ information were registered.

The conditions of the mice such as their activity states, 

psychological condition, fur gloss, changes in animal skin 

where the tumor was embedded were observed regularly. The 

time taken from the tumor inoculation to the growth of the 

tumor to longer than 3 mm in width or length is defined as 

the latent time of tumorigenesis. Then the length and short 

diameters of the tumors were measured by vernier caliper 

twice a week. Tumor volumes were estimated by the formula: 

V = [r
w

2*r
L
]/2. If the volumes of the tumors were greater than 

or equal to 1 cm3 within 4 months, it indicated that the model 

was successful. If not, the model had failed.

generations of xenografts
When the tumor tissues of lung cancer patients were inocu-

lated into the axilla of mice and formed xenografts, we 

defined these tumors as F1 generation; when the tumors 

of F1 generation were inoculated into the axilla of mice 

and formed xenografts, we defined these tumors as F2 

generation, and so on. Xenografts were passaged to the 

fifth generation.
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Detection of pathological features of 
xenografts
Each generation of xenografts were fixed with formalin and 

then embedded with paraffin. The morphology of the tumor 

cells was observed by H&E staining. Mouse anti-TTF1 

monoclonal antibodies (Maixin, Fuzhou, People’s Republic of 

China), rabbit anti-Naspin-A monoclonal antibodies (Maixin) 

and rabbit anti-P40 monoclonal antibodies (Maixin), mouse 

anti-cytokeratin 5/6 monoclonal antibodies (Maixin) were 

used to identify adenocarcinoma or squamous cell carci-

noma. Mouse anti-ki-67 monoclonal antibodies (Maixin), 

mouse anti-cytokeratin 7 monoclonal antibodies (Maixin) 

and mouse anti-TTF1 monoclonal antibodies (Maixin) were 

used to identify small-cell lung cancer.

Drug sensitivity experiments
When the length and short diameters of the F5 generation 

xenografts were greater than 3 mm, mice were divided 

randomly into six groups. The six groups were the control 

group (normal saline), the cisplatin+docetaxel group, the 

cisplatin+paclitaxel group, the cisplatin+pemetrexed group, 

the cisplatin+gemcitabine group and the gefitinib group. 

Cisplatin, paclitaxel, docetaxel, pemetrexed and gemcitabine 

were injected into the abdominal cavity at 2.5 µg/g, 25 µg/g, 

12 µg/g, 75 µg/g and 120 µg/g body weight two times a week 

respectively. Gefitinib was given by gavage at 75 µg/g body 

weight five times a week. All mice were sacrificed after 40 

days. Animal care was given and experiments were conducted 

in accordance with the Animal Research Committee Guide-

lines of Beijing Chest Hospital, Capital Medical University.

statistical analysis
All data were analyzed by using the SPSS, 22.0 software 

(IBM Corporation, Armonk, NY, USA). A chi-squared 

test (including Fisher’s exact test) was used to evaluate the 

relationship between the rates of tumorigenesis and clini-

cal pathological parameters. The inhibition rates of colony 

formation and tumor weights among the different groups 

were analyzed using one-way analysis of variance. Differ-

ences were considered to be significant at P-value less than 

or equal to 0.05.

Results
Comparison of the tumorigenesis rates 
between nOD/sCiD and BalB/c mice
In NOD/SCID mice, the tumorigenesis rate was 73.33% 

in squamous carcinoma and 27.27% in adenocarcinoma. 

The difference was statistically significant (P=0.008). In 

BALB/c nude mice, the tumorigenesis rate was 30.00% in 

squamous carcinoma and 0.00% in adenocarcinoma. They 

were different but not statistically significant (P=0.09). The 

tumorigenesis rates of other characteristic factors were not 

different between NOD/SCID mice and BALB/c nude mice 

as shown in Table 1. The tumorigenesis rate of NOD/SCID 

mice was 46.15% and that of BALB/c mice was 17.39%. 

They were different (P=0.029). Although the latent time of 

tumorigenesis and time of tumorigenesis were not signifi-

cantly different between NOD/SCID mice and BABL/c mice, 

the former was shorter than the latter as shown in Table 2.

Comparison of PDX models between 
nOD/sCiD mice and BaBl/c mice with 
the same specimens
In order to exclude the effect of difference in patients on the 

tumorigenesis rate, we compared the tumorigenesis rate of 

the same specimens in NOD/SCID mice and BABL/c mice. 

In NOD/SCID mice (see Table 3), although the tumorigen-

esis rate difference was not statistically significant between 

squamous carcinoma and adenocarcinoma, the tumorigenesis 

rate of squamous carcinoma was higher than that of adeno-

carcinoma. In BALB/c nude mice, the tumorigenesis rate 

was 50.00% in squamous carcinoma and 0.00% in adeno-

carcinoma. They were statistically significant (P=0.036). The 

tumorigenesis rates of other characteristic factors were not 

different between NOD/SCID mice and BALB/c nude mice.

The tumorigenesis rate of NOD/SCID mice was 38.89% 

and that of BALB/c mice was 16.67% (see Table 4). They 

were different (P=0.017). Although the latent time of tumori-

genesis and time of tumorigenesis were not significantly 

different between NOD/SCID mice and BABL/c mice, the 

former was shorter the latter.

Characteristics and stability of PDX 
model
To estimate whether xenografted mice could retain histologi-

cal features of the patients, we compared the gross morphol-

ogy and histology types by H&E staining and checking the 

expression of the biomarkers (eg, CK-7, Naspin A, TTF-1 for 

adenocarcinoma; P40, P63, and CK56 for squamous carci-

noma). Figure 1 shows a comparison of building PDX models 

in NOD/SCID mice and BABL/c mice with the correspond-

ing adenocarcinoma case. H&E staining of the patient tissue 

showed that there were multiple histopathological patterns, 

multiple subtypes and differentiation. The mice tissue was 

usually poorly differentiated and did not have the structure 
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Table 1 Rates of tumorigenesis and clinical characteristics in nOD/sCiD mice and BalB/c mice

Characteristic NOD/SCID mice P-value BALB/c mice P-value

Yes No Yes No

Age (years)   0.748   0.590
<60 7 10  3 9  

≥60 11 11  1 10  
Gender   1.000   1.000
Male 12 15  3 13  
Female 6 6  1 6  
Smoking   0.748   0.590
Yes 11 11  3 9  
no 7 10  1 10  
Pathological types       
squamous carcinoma 11 4 0.008 3 7 0.090
adenocarcinoma 6 16  0 11  
small cell carcinoma 1 1  1 1  
TNM staging   0.433   0.408
i 8 12  1 9  
ii 2 2  1 4  
iii 8 6  2 5  
iV 0 1  0 1  
T stage   0.237   0.456
T1 5 9  0 6  
T2 8 9  3 8  
T3 4 1  1 3  
T4 1 2  0 2  
N stage   0.108   0.557
n0 9 16  2 14  
n1 2 2  0 4  
n2 7 3  2 1  

Table 2 Comparison of tumors in nOD/sCiD mice and BalB/c nude mice

Mouse strains Tumorigenesis  
rates (%)

P-value Latent times of 
tumorigenesis (days)

P-value Times of tumorigenesis 
(days)

P-value

nOD/sCiD mice 46.15 (18/39) 0.029 41±17 0.207 85±24 0.134
BalB/c mice 17.39 (4/23)  53±19  104±14  

Notes: Data are presented as mean±sD.

Table 3 Comparison of building PDX models in nOD/sCiD mice and BaBl/c mice with the same specimens

Characteristic NOD/SCID mice P-value BALB/c mice P-value

Yes No Yes No

Age (years)   1.000   1.000
<60 4 4  2 6  

≥60 4 6  2 8  
Gender   0.321   0.569
Male 4 8  2 10  
Female 4 2  2 4  
Smoking   0.637   0.576
Yes 3 6  3 6  
no 5 4  1 8  
Pathological types       
squamous carcinoma 4 2 0.302 3 3 0.036
adenocarcinoma 3 7  0 10  
small cell carcinoma 1 1  1 1  
TNM staging   1.000   1.000
i+ii 5 7  3 9  

iii+iV 3 3  1 5  

Abbreviation: PDX, patient-derived tumor xenografts
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of acinus and nipple. The expressions of CK-7, Naspin A, 

and TTF-1 were positive and coincident in the patient tissue 

and mice tissues. Figure 2 shows the comparison of building 

PDX models in NOD/SCID mice and BABL/c mice with 

the corresponding squamous cancer patients. H&E staining 

of the patient tissue showed that there were multiple histo-

pathological patterns, multiple subtypes and differentiation. 

The mice tissue was usually poorly differentiated and did not 

have the keratinized structure of squamous cell carcinoma. 

The expressions of P40, P63 and CK56 were positive and 

coincident in the patient tissue and mice tissues. In addition, 

the structure of terminal bronchioles was clearly found in 

NOD/SCID mice, which confirmed that the PDX mice could 

inherit the features of the patient’s tumor.

Table 4 Comparison of tumor formation in nOD/sCiD mice and BalB/c nude mice

Mouse strains Tumorigenesis  
rates (%)

P-value Latent times of  
tumorigenesis (days)

P-value Times of tumorigenesis 
(days)

P-value

nOD/sCiD mice 38.89 (7/18) 0.017 45±17 0.718 94±19 0.546
BalB/c mice 16.67 (3/18)  50±22  102±16  

Notes: Data are presented as mean±sD.

Figure 1 Comparison of building PDX models in nOD/sCiD mice and BaBl/c mice with the corresponding adenocarcinoma patient.
Notes: (A1) h&e staining of human lung cancer tissue; (A2) h&e staining of nOD/sCiD mice xenograft tissue; (A3) h&e staining of BalB/c mice xenograft tissue; (B1) 
CK-7 staining of human lung cancer tissue; (B2) CK-7 staining of nOD/sCiD mice xenograft tissue; (B3) CK-7 staining of BalB/c mice xenograft tissue; (C1) naspin a 
staining of human lung cancer tissue; (C2) naspin a staining of nOD/sCiD mice xenograft tissue; (C3) naspin a staining of BalB/c mice xenograft tissue; (D1) TTF-1 
staining of human lung cancer tissue; (D2) TTF-1 staining of nOD/sCiD mice xenograft tissue; (D3) TTF-1 staining of BALB/c mice xenograft tissue. Magnification ×100.
Abbreviations: hlC, human lung cancer; PDX, patient-derived tumor xenografts.
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Drug sensitivity experiments
We selected xenografts of two F5 generations (an adenocar-

cinoma patient and a squamous cancer patient) to carry out 

the drug experiment (see Figures 3 and 4). Figure 3 shows 

the drug experiments of the adenocarcinoma patient in 

PDX model. Whether the growth curve was observed or the 

average weight of the tumor was observed, the effect of the 

gefitinib group was the worst. The effect of the cisplatin+ 

paclitaxel group was worse. The effects of the cisplatin+ 

docetaxel group and the cisplatin+pemetrexed group were 

almost the same and were better. The effect of the cisplatin+ 

gemcitabine group was best. The corresponding patient was 

followed up. He was treated with the scheme of cisplatin+ 

paclitaxel for four times. He had a relapse recurrence on the 
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191st day and died 12 months after the operation. The result 

was consistent with that of the animal experiment. Figure 4 

shows drug experiments of the squamous cancer patient in the 

PDX model. Whether the growth curve was observed or the 

average weight of the tumor was observed, the effects of the 

cisplatin+docetaxel group, the cisplatin+pemetrexed group 

and the cisplatin+paclitaxel group were almost the same and 

had a certain effect. The effect of the cisplatin+gemcitabine 

group was best. The corresponding patient was followed up. 

So far, the patient is stable and no progression has been noted.

Discussion
Since the update of NCCN guideline on NSCLC in 2008, 

targeted therapy has become a hot spot in the treatment 

of NSCLC.1 Although individualized targeted therapy has 

become common in NSCLC, a considerable number of 

patients are not suitable for targeted therapy. How is individu-

alized treatment possible for them? PDX model is the one that 

inherits the features of histology, immunohistochemistry and 

genomic mutation from the patients.6,8,9 So it recapitulates the 

original characteristics of the patient’s tissues and provides a 

convincing platform for exploring new drugs and preclinical 

trials especially in the case of drug efficacy, pharmacokinetics 

and pharmacodynamics. But it is a notable problem because 

mouse strains have an influence on the rate of tumorigenesis.

In this study, we selected NOD/SCID mice and BALB/c 

mice to build a PDX model. Compared with BALB/C mice, 

the rate of tumorigenesis was obviously high and the latent 

time of tumorigenesis was short in NOD/SCID mice. The 

difference was related to mice strains. NOD/SCID mice 

were derived from hybridization of SCID mice with NOD/

Lt mice. Their immune system is destroyed and deficient in 

three typical kinds of immune cells (T-cell, B-cell, NK-cell), 

and circulating complements, macrophage cell and antigen 

processing cell. As for BALB/c mice, they just lack T-cells. If 

existing B cells and NK cells are active, the immune system 

Figure 2 Comparison of building PDX models in nOD/sCiD mice and BaBl/c mice with the corresponding squamous cancer patient.
Notes: (A1) h&e staining of human lung cancer tissue; (A2) h&e staining of nOD/sCiD mice xenograft tissue; (A3) h&e staining of BalB/c mice xenograft tissue; (B1) P40 
staining of human lung cancer tissue; (B2) P40 staining of nOD/sCiD mice xenograft tissue; (B3) P40 staining of BalB/c mice xenograft tissue; (C1) P63 staining of human 
lung cancer tissue; (C2) P63 staining of nOD/sCiD mice xenograft tissue; (C3) P63 staining of BalB/c mice xenograft tissue; (D1) CK56 staining of human lung cancer tissue; 
(D2) CK56 staining of nOD/sCiD mice xenograft tissue; (D3) CK56 staining of BALB/c mice xenograft tissue. Magnification ×100.
Abbreviations: hlC, human lung cancer; PDX, patient-derived tumor xenografts.
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can still resist the implantation of the external tumors.10,11 In 

other words, the immune system of NOD/SCID mice is more 

defective than it is in BALB/c mice. So xenografts are more 

successful in NOD/SCID mice. The result was consistent 

with previous reports.6,7

Except for the influence of mice strains, analysis of the 

relationship between the tumorigenesis rate and clinical 

characteristics showed squamous carcinoma form tumors 

more easily than adenocarcinoma. Other clinical character-

istics were not related to the tumorigenesis rate. In order to 

exclude the effect of different patients on the tumorigenesis 

rate, we compared the tumorigenesis rate of the same speci-

mens in NOD/SCID mice and BABL/c mice. Although the 

tumorigenesis rate was not statistically different between 

squamous carcinoma and adenocarcinoma, the tumorigen-

esis rate of squamous carcinoma was higher than that of 

adenocarcinoma in NOD/SCID mice. The tumorigenesis 

rate was statistically different between squamous carcinoma 

and adenocarcinoma in BALB/c nude mice. This result 

was consistent with some studies.8,10–12 But, there have also 

been contradicting reports.8,13 There is no direct report on 

the difference in the incidence of squamous cell carcinoma 

and adenocarcinoma in a PDX model of lung cancer. Some 

studies show adenocarcinoma cells can be induced to form 

squamous cell carcinoma cells in the tumor microenviron-

ment provided by specific genotype mice.14–19 In addition, 

squamous cell carcinoma mostly exists in human skin, central 

bronchus and esophagus, which are more exposed to external 

stimuli and may be more adaptable to the environment.20

To estimate whether xenografted mice could retain histo-

logical features of the patients, we compared the gross mor-

phology and histology types by H&E staining and checked 

the expression of the biomarkers. H&E staining of the patient 

tissue showed that there were multiple histopathological 

patterns, multiple subtypes and differentiation. But the mice 

tissue was usually poorly differentiated and did not have 

the structure of acinus and nipple in adenocarcinoma and 

the keratinized structure in squamous cell carcinoma. This 

Figure 3 Drug sensitivity assay of PDX model with the corresponding adenocarcinoma patient.
Notes: (A) Growth curves of transplanted tumor in five groups of mice. (B) Body weight comparison in five groups of mice. (C) Tumor weight comparison in five groups 
of mice. (D) Columnar diagram of tumor weight in five groups of mice.
Abbreviation: PDX, patient-derived tumor xenografts.
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suggests that poorly differentiated parts are more likely to 

form tumors in the PDX model. The expressions of related 

biomarkers were positive and coincident in the patient tis-

sue and mice tissues. In addition, the structure of terminal 

bronchioles was clearly found in NOD/SCID mice. These 

confirm that PDX mice could inherit the features of the 

patient’s tumor. Here, it is worth noting that only poorly dif-

ferentiated parts are preserved and form tumors and highly 

differentiated parts are not seen in mice tissues. However, 

these poorly differentiated parts may more accurately reflect 

drug efficacy and prognosis of the patient.12,21

So we selected two patients (an adenocarcinoma patient 

and a squamous cell carcinoma patient) and used their xeno-

grafts of the F5 generation to carry out the drug experiment. 

The result of the squamous cell carcinoma showed the effect 

of the cisplatin+gemcitabine group was best. The effects of 

the other groups (cisplatin+docetaxel, cisplatin+paclitaxel 

and cisplatin+pemetrexed) were almost the same and worse 

than that of the cisplatin+gemcitabine group. The patient 

was followed up. He was treated with cisplatin+paclitaxel 

four times in clinical practice. He had a relapse recurrence 

on the 191st day and died 12 months after the operation. In 

other words, the scheme of cisplatin+ paclitaxel was not best 

treatment for the patient. This was consistent with that of the 

animal experiment. The animal experiment of the adenocar-

cinoma patient showed the effect of the cisplatin+docetaxel 

group was best; the effects of the cisplatin+paclitaxel group 

and the cisplatin+pemetrexed group were better; but the effect 

of the gefitinib group was very poor because the EGFR of 

the patient was wild type. So far, the patient is good after 

the operation and we cannot compare whether the animal 

experiment and clinical effects are consistent.

In conclusion, NOD/SCID mice have a higher rate of 

tumorigenesis, shorter latent times of tumorigenesis and 

times of tumorigenesis than BALB/c mice. To a certain 

extent, both NOD/SCID and BALB/c mice could inherit 

Figure 4 Drug sensitivity assay of PDX model with the corresponding squamous cancer patient.
Notes: (A) Growth curves of transplanted tumor in five groups of mice. (B) Body weight comparison in five groups of mice. (C) Tumor weight comparison in five groups 
of mice. (D) Columnar diagram of tumor weight in five groups of mice. **P<0.01.
Abbreviation: PDX, patient-derived tumor xenografts.
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the characteristics of original tumor patients in histology, 

immunohistochemistry and pathology. It is worth noting that 

these poorly differentiated parts may more accurately reflect 

drug efficacy and prognosis of the patient and can provide a 

more reliable model of drug screening.
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