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Chapter 2
Patient-Derived Xenograft Models 
in Gynaecological Malignancies

Tomohito Tanaka and Masahide Ohmichi

Abstract Established suitable models are important for cancer research. The 
recent progression of genomic or molecular analysis and precision medicine 
requires cancer models that reflect the characteristics of primary tumours. Patient-
derived xenograft (PDX) models have been focussed on because of their similarity 
between PDX and primary tumours. PDX represents a promising tool for transla-
tional research since it closely resembles patient tumour features and retains 
molecular and histological features. Currently, PDX has been established in several 
types of cancer, including colon, stomach, breast, uterine, and ovarian cancers. 
However, several problems still exist. This review provides information on recent 
methods for the implantation and analysis of tumour characteristics in gynaeco-
logical cancers.

Keywords Gynaecological malignancy · Cervical cancer · Endometrial cancer  
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2.1  Introduction

Molecular and genomic analyses have developed remarkably during the last decade. 
Several cell lines have been established and used for cancer research. Authentic, 
established cell lines express fixed gene arrangements and act in similar molecular 
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pathways in certain situations, which has been useful in cancer research. However, 
researchers require more detailed gene information in each cancer cell and should 
be able to reproduce the tumour microenvironment.

Patient-derived xenograft (PDX) models, which are new animal models, are 
established by heterotopic or orthotopic grafting of fresh surgically resected tumour 
tissue into immune-deficient mice. The obtained tumour tissue is washed with saline 
and stored in a cell culture medium on ice, to reduce tissue metabolism. The tumour 
tissue should be implanted into animals as soon as possible, as prolonged implanta-
tion time has been associated with a lower engraftment rate [1]. Typically, the 
tumour fragment is cut into a size of 2–3  mm3 and implanted in mice. Tumour 
growth is evaluated regularly until the tumour size reaches approximately 1000 mm3. 
Then, the tumours are harvested and stored for the next stage. It takes about 3–6 
months for tumour harvest [2].

PDX models reproduce the clinicopathological features of the original tumour 
and are used as experimental models for drug evaluation, biomarker identifica-
tion, and precision medicine strategies. Current drug development has been 
mainly carried out using the cell line method; however, various studies have 
reported that drug responsiveness in the cell line methods is not sufficiently 
reflected in human patients [3]. The drug responsiveness in PDX models is more 
similar to clinically applied drug responsiveness because there are close similari-
ties in genomic features and microenvironment status between PDX models and 
patient tumours [2, 4, 5]. By screening several anticancer drugs in PDX models, 
the most effective drug can be recommended prior to patient treatment. However, 
this approach is difficult because the generation of PDX models is not successful 
in all cases, and it takes several months to obtain the drug responsiveness data 
from PDX models [2]. For these reasons, a PDX cohort with genomic and drug 
responsiveness data has been suggested. The PDX cohort may be a powerful tool 
for drug development and treatment for patients with cancers [6–8]. Figure 2.1 
shows a brief chart for using the PDX models. PDX models can be obtained from 
each type of cancer by grafting the original tumours into mice. Both the tumours 
of patients and the PDX models are preserved in a biobank, and several analyses 
have been performed, including pathological, genomic, and molecular analyses. 
Several anticancer drugs are evaluated using PDX models passaged from original 
tumours or those preserved in biobanks. These data are collected in databanks and 
are used for precision medicine in cancer patients in the future or for new drug 
development.

PDX models have been established in several cancers, including colon [9], stom-
ach [10], breast [11], pancreas [12, 13], lung [14, 15], liver [16], kidney [17], blad-
der [18], uterus [8, 19–27], and ovary [28–32]; however, several questions remain 
unanswered. For example, what should be used as the starting material, tissue frag-
ment, or tumour cells? Where should the materials be implanted? What is the suc-
cess rate of each method? Is there any advantage or disadvantage in each method? 
Are there any alterations in retransplantation? This review complies with the infor-
mation on the current methods of PDX in gynaecological cancers.
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2.2  Mouse Strains

The engraftment rate is important when there are limited funds and restricted speci-
mens. It depends on several factors including the kind of recipient mice, site for 
implantation, method for transplantation, and size of the fragment. Nude mice, 
which have no thymus for mutation, were identified in 1962 by the appearance of 
their atrichia: they have no T cells [33]. It is easy to confirm subcutaneous engraft-
ment since they are hairless. Severe combined immunodeficient (SCID) mice, 
which have no mature T and B cells due to their loss of protein kinase, DNA acti-
vated, and catalytic polypeptide (Prkdc), were identified in 1983 [34]. SCID-hu, 
which can be implanted in the foetal liver, thymus, and the renal capsule, contains 
human T cells [35]. Human T cells can increase in Hu-PBL-SCID with implanted 
human monocytes in their peritoneum. These mice containing human T cells con-
tributed to the research on HIV; however, the rate and duration of implantation of 
human haematopoietic stem cells were unsatisfactory because SCID mice possess 
NK cell activity [36]. SCID–Beige is a hybrid of SCID with Beige, which has low 
NK cell activity; however, the rate and duration of implantation of human haemato-
poietic stem cells are not satisfactory [37, 38]. NOD mice have insulin-dependent 
diabetes mellitus (DM), where β cells in the pancreas are destroyed by T cells. They 
also possess low macrophage and dendritic cell activity [39]. NOD/SCID mice, 
which are a hybrid of NOD and SCID mice, do not show symptoms of DM because 
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Fig. 2.1 The summary chart for using the patient-derived xenograft models. Patient-derived xeno-
graft (PDX) models can be obtained from each cancer by grafting the original tumours into mice. 
These materials are preserved in biobanks and have undergone several analyses, including patho-
logical, genomic, and molecular analysis. Several anticancer drugs are evaluated using PDX mod-
els. These data are collected in databanks and used for precision medicine for cancer patients in the 
future or for new drug development
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of a deficiency of T cells; they are extremely immunodeficient [40]. NOG [41] and 
NSG [42] mice are hybrids of NOD/SCID with common γ-deficient mice; they do 
not show NK cell activity. NOG and NSG have achieved a satisfactory rate of 
implantation of human haematopoietic stem cells, monocytes, and malignancy. 
Recently, humanised mice have been used for the development of several immune 
checkpoint inhibitors. CD34-positive human haematopoietic stem and precursor 
cells were injected into NSG mice that received whole-body irradiation, resulting in 
reconstitution of immune cells. Humanised PDX models could be established in a 
partially human leukocyte antigen-matched allogeneic immune system [43–46].

2.3  Site of Transplantation

Several sites of transplantation, including subcutaneous, renal capsule, peritoneum, 
and orthotopic, have been reported. Subcutaneous transplantation is the most com-
mon because of the simple procedure, and it is easy to confirm the tumour implanta-
tion; however, metastasis to other organs rarely occurs (Fig.  2.2a). The minced 
tumour is injected subcutaneously, or the fragment of the tumour is placed subcuta-
neously directly after the skin is cut. The renal capsule may be used for tumours 
with low malignant potential or for normal tissue. The procedure is not simple; 
however, there is an increased blood supply for tumour growth in the renal capsule, 
and a high engraftment rate is expected. Mice are placed in the lateral position, and 
a 2-cm incision is made opposite the loin skin. The peritoneal cavity is accessed by 
an incision made in the abdominal wall overlying the kidney. After the kidney is 
exteriorised, the renal capsule and the space beneath the kidney capsule are opened. 
Following this, tumour fragments are inserted. Transplantation in the peritoneum is 
performed to examine ascites or metastasis to other organs. The minced tumour is 
injected into the peritoneum, or the fragment of the tumour is placed in the 

a b

Fig. 2.2 (a) Subcutaneous patient-derived xenograft model. The minced tumour obtained from 
patients with cervical cancer were minced and injected subcutaneously into SCID mouse. After 4 
months, the engrafted tumour was observed in subcutaneous layers of the mouse (red arrow). (b) 
Orthotopic patient-derived xenograft model. The minced tumour obtained from patients with cer-
vical cancer were minced and injected into the uterine cervix of the SCID mouse transvaginally. 
After 4 months, the engrafted tumour was observed in the uterine cervix of the mouse (red arrow)
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abdominal cavity directly below the skin cuts. The orthotopic xenograft is also com-
mon because the tumour environment can be reproduced more accurately. The 
minced tumour is injected into the uterus transvaginally, or the tumour fragment is 
placed on the primary site after the skin is cut, into the abdomen (Fig. 2.2b).

2.4  Cervical Cancer

2.4.1  PDX Procedure and Success Rate

Few reports exist on PDX models in cervical cancer. This may be a clinical feature 
for cervical cancer. Most patients with advanced-stage tumours receive radiother-
apy or chemotherapy after biopsy. Surgical therapy may be performed at an early 
stage with a small lesion. Thus, it is difficult to obtain enough specimens for implan-
tation. However, PDX models are advantageous for these patients because the 
tumour tissue can be expanded in mice to apply various experimental methods for 
tumour tissue analysis. Table 2.1 shows the previously reported literature on PDX 
models for cervical cancer. The engraftment rate varies from 0 to 75% [19–22]. The 
most important factor is probably the characteristics of each tumour, including infil-
tration and proliferation of each primary tumour. Hiroshima et al. implanted HER-2- 
positive cervical cancer, which was resected from one patient, subcutaneously and 
into the cervix of several nude mice with engraftment rate of 70–75% [20]. Chaudary 
et al. implanted a 1–2 mm tumour fragment that was resected from 33 cervical can-
cer patients to the cervix of SCID mice with an engraftment rate of 48%. On aver-
age, it took 3–4 months for the first palpable xenograft to arise following orthotopic 
transplant [21]. Hoffmann et  al. implanted a 3–5  mm tumour fragment resected 
from six cervical cancer patients subcutaneously in SCID mice; however, no tumour 
engraftment was found. Then, they injected minced tumours resected from seven 
cervical cancer patients subcutaneously into SCID mice. The engraftment rate was 
approximately 70%. Palpable or visible tumours appeared 6–8 weeks after trans-
plantation. No differences in engraftment were observed between squamous cell 

Table 2.1 The engraftment rate of the patient-derived xenograft models for cervical cancer in the 
literature

Mouse strains
Site of 
transplantation

Method of 
graft

Fragment 
size

Engraftment 
rate, %

Hiroshima 
et al.

Nude Subcutaneous Direct 3 mm3 70 (7/10)
Cervix Direct 3 mm3 75 (6/8)

Chaudary 
et al.

SCID, NOD 
SCID

Cervix Direct 1–2 mm 48 (16/33)

Hoffmann 
et al.

SCID Subcutaneous Direct 3–5 mm 0 (0/6)
Injection Minced 70 (7/10)

Larmour 
et al.

NSG Renal capsule Direct 1 mm3 71 (10/14)
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carcinomas and adenocarcinomas [22]. Larmour et al. implanted a 1-mm3 tumour 
fragment resected from 14 cervical cancer patients to the renal capsule of NSG mice 
with an engraftment rate of 71.4%. They also described that mouse stroma did not 
contribute to re-engraftment. The xenografting doses of 106 cells/kidney failed to 
generate tumours, irrespective of the presence of mouse cells. The size of the har-
vested xenograft limited the ability of re-engraftment. They also described that cer-
vical dysplasia and normal tissue xenografted beneath the renal capsule could 
survive and grow [19].

2.4.2  Analysis of the Original Tumour and PDX

In most published literature on the PDX model of cervical cancer, there is a strong 
similarity of pathological findings between primary tumours and PDX. p16 overex-
pression, which is caused by the functional inactivation of Rb by human papilloma-
virus E7 protein, is peculiar in cervical cancer. Immunohistochemical findings of 
these proteins are also inherited from the primary tumour to PDX. Hiroshima et al. 
established a PDX model of HER-2-positive cervical cancer. They implanted the 
tumour fragment into the subcutaneous and cervix of nude mice. There were no 
cases of metastasis in subcutaneous PDX mice. In contrast, metastases, including 
peritoneal dissemination, liver, lung, and lymph node metastases, were found in the 
cervical orthotopic PDX model. They demonstrated that subcutaneous and cervical 
orthotopic xenograft tumours as well as metastases were stained by the ant-HER-2 
antibody and recapitulated the histological structures of the original tumour [20]. 
Chaudary et  al. evaluated the epithelial and stromal components of the original 
biopsy and xenograft models using two independent methods. The percentage of 
stroma tended to increase at early passages and decreased at later passages with a 
low value (<10%) after five passages. The decrease in stromal content in the later 
passage paralleled an increase in the growth rate of the tumours, as assessed by the 
mean time between passages. They also evaluated the epithelial and stromal compo-
nents by immunostaining for SMA, collagen IV, cytokeratin, CD31, LYVE1, IFP, 
EF5, CA9, and Ki67. The expression of hypoxia markers (CA-9 and EF5) in the 
epithelial components of the tumour significantly increased with passage number. 
In parallel, there was a significant increase in vascular staining (CD31) in the stro-
mal component. On average, there was also a significant increase in Ki67 staining 
in the epithelial component of the tumour and LYVE1 in both components. CD31 
and LYVE1 levels were much lower in the epithelial component when compared to 
the stromal component, consistent with the finding that CA-9 and EF5 changed to a 
larger extent in the epithelial than in the stromal component. Ki 67 levels are much 
lower in the stromal component when compared to the epithelial component. A 
strong correlation was found between the passage 3 xenograft and primary biopsy 
for all markers, excluding collagen IV [21]. Larmour et al. described similar mor-
phological features by H&E staining, and the immunostaining pattern for p16 and 
HPV were observed between primary tumours and several passaged xenograft 
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tumours. Hoffmann et al. reported that tumour markers such as EGF receptor and 
p16 were preserved after early and late tumour passage [19].

2.5  Endometrial Cancer

2.5.1  PDX Procedure and Success Rate

Hysterectomy is the main therapy for patients with endometrial cancer; it is easy for 
researchers to obtain sufficient specimens in this case. In contrast, most diseases are 
confined to the uterus in endometrial cancer; the prognosis does not differ in each 
disease. There are few studies on PDX models for endometrial cancer. Table 2.2 
shows the previously reported literature on PDX models for endometrial cancer. 
The engraftment rate varies from 25 to 100% [8, 23–27]. Zhu et al. described PDX 
models using NOD/SCID mice in patients with high-risk endometrial cancer, 
including high-grade endometrioid carcinoma, serous carcinoma, clear cell carci-
noma, and carcinosarcoma. They reported that the engraftment rate was 77.8% 
(14/18) regardless of the engraftment method. It was higher in the subrenal capsule 
models than in the subcutaneous models. The time to tumour formation varied from 
2 to 11 weeks [23]. Unno et al. transplanted endometrial tumour tissue fragments to 
the renal capsule in NSG mice. The engraftment rate was 36.4% [24]. Depreeuw 
et al. reported PDX models from primary, metastatic, and recurrent type 1 and type 
2 endometrial cancer patients. The engraftment rate was 60% with subcutaneous 
implantation using nude mice [25]. Cabrera et al. reported on PDX models from two 
endometrial cancers. First, they implanted tissue fragments into subcutaneous nude 
mice. After sufficient tumour growth, the tumours were mined and injected into the 

Table 2.2 The engraftment rate of the patient-derived xenograft models for endometrial cancer in 
the literature

Mouse 
strains

Site of 
transplantation

Method of 
graft Fragment size

Engraftment 
rate, %

Zhu et al. NOD/
SCID

Renal capsule Direct 1 × 1.5 × 1.5 mm3 63 (16/19)
Subcutaneous Direct 1 × 1.5 × 1.5 mm3 50 (9/18)

Unno et al. NSG Renal capsule Direct 1.5 × 1.5 mm2 36.4 (4/11)
Depreeuw 
et al.

Nude Subcutaneous Direct 8-10 mm3 60 (24/40)

Cabrera 
et al.

Nude Uterus Injection minced 90 (9/10)

Haldorsen 
et al.

NSG Uterus Injection Cell suspension 100 (1/1)

Moiola et al. Nude Uterus Direct Small fragment 75–90
Nude Subcutaneous Direct 5–10 mm3 60–80
Nude Subcutaneous Direct 8–10 mm3 100
NSG Uterus Injection Cell suspension 25–100
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uterus. The engraftment rate achieved was 90% and 78% of the patients that had 
pelvic implants [26]. Haldson et al. established patient-derived cell (PDC) models 
from tissues in patients with grade 3 endometrioid carcinoma. They obtained the 
cell suspension from the original tissue and injected them with Matrigel into the 
uterus of NSG mice [27]. Miola et al. described endometrial cancer PDX cohorts 
developed from primary tumours and metastasis covering all subtypes. In this cohort 
study, 124 patients with endometrial cancer were recruited from different centres 
across Europe. The tumour tissue fragments were implanted subcutaneously or 
orthotopically through a laparotomic incision into athymic nude mice. The engraft-
ment rate of subcutaneous PDX varied from 60 to 80%; however, once the tumour 
was developed, the engraftment rate increased to nearly 100% in subsequent pas-
sages. It takes 3–5 months to engraft and develop the first generation. In contrast, 
the engraftment rate of orthotopic PDX model varied from 75 to 90% and also took 
2–5 months to develop a palpable and transferable tumour. In a small study of five 
tumours from endometrial cancer patients, cell suspension from primary tumours 
with Matrigel were injected orthotopically into the uterus of NSG mice. For this 
type of model, the engraftment rate was lower, ranging from 25 to 100% in the first 
generation. Furthermore, the time of engraftment is slower; it takes an average of 
10 months to develop an orthotopic PDX model [8].

2.5.2  Analysis of the Original Tumour and PDX

Zhu et al. established the endometrial cancer PDX model and evaluated the patho-
logical and immunohistochemical features between primary tumours and PDX. No 
significant differences were observed among the corresponding F1 and F3 PDX 
with regard to architecture and cytological features, as shown by H&E. No major 
differences in immunohistochemical features, including hormone receptor (oestro-
gen receptor and progesterone receptor), the status of cytokeratin, and P53 expres-
sion were observed among the original tumours and xenograft tumours. They also 
validated two high-risk endometrial cancer PDXs on genomic analysis, including 
DNA and RNA sequencing. F0 (original) and F4 tumour DNA mutation frequen-
cies exhibit a significant linear correlation. On RNA sequencing, the expressions of 
F0 and F4 tumour genes exhibited a significant linear correlation; PDX exhibited 
high similarity with patient rumours [23]. Unno et al. evaluated the histological and 
immunohistochemical features of PDX models. Serous carcinoma, carcinosar-
coma, and endometrioid carcinoma xenograft tissues were stained for hormone 
receptors, ER and PR, the proliferation marker, Ki67, endothelial cell marker 
CD31, and epithelial–mesenchymal transition (EMT) markers such as cytokeratin, 
vimentin, E-cadherin, P53, PTEN, uPA, and uPAR.  The xenografts retained the 
characteristics of the original tumour and displayed features that were unique to 
type I and type II endometrial cancer [24]. Depreeuw et al. validated the established 
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PDX models histologically. In all models, irrespective of their classification, the 
tissue architecture and the epithelial component of the original tumour by H&E 
staining were preserved in the corresponding F1 and F3 PDX. They observed simi-
larities in ER and PR staining between patients and xenograft tumours. They 
stained tumour sections for vimentin using two different antibodies: one specific 
for human vimentin (hu-VIM) and a second one binding both human and mouse 
vimentin (hu + mo-VIM). In all patient tumours, the stroma stained positive for 
hu-VIM, but the staining was negative in the PDX. The hu + mo-VIM was strongly 
positive for xenograft stroma, indicating that the human-derived stroma was lost 
and replaced by a reduced amount of murine stroma after tumour engraftment in 
mice. They also performed whole-exome sequencing on four models reflecting a 
different, more common and relevant subtype of endometrial cancer, including two 
endometrioid, one mesonephric, and one serous carcinoma without MSI or POLE 
mutations. They found an average of 57 non-silent mutations in the primary tumours 
and 77 of them in the xenografts. The majority of such mutations were common 
between primary tumours and xenografts (55%), while a minor fraction was unique 
either for the primary tumour (11%) or for the xenograft (34%). By studying the 
cancer consensus genes specifically, they observed that most of the mutations were 
common between primary tumours and xenografts. The copy number profiles were 
generated using low-covered whole-genome sequencing for both the primary 
tumour and xenograft in the endometrioid carcinoma model. On average, 90% of 
the genome had the same copy number between the primary tumour and xeno-
graft [25].

2.6  Ovarian Cancer

2.6.1  PDX Procedure and Success Rate

PDX models have been more advanced in ovarian cancer than in other gynaecologi-
cal malignancies. Table 2.3 shows the engraftment rate described in recently pub-
lished literature on ovarian cancer PDX models. The engraftment rate varies from 
8.3 to 100% [28–32]. Wu et al. injected the minced tumour fragment dissected from 
ovarian cancer patients into subcutaneously into SCID mice. The engraftment rate 
was 15.4% [28]. Dobbin et al. evaluated the engraftment rate of ovarian cancer frag-
ments in several implanted sites using SCID mice. The engraftment rates were 
85.3% in subcutaneous, 63.6% in MFP, 22.2% in IP, and 8.3% in renal capsules 
[29]. Weroha et al. injected the minced ovarian cancer fragment into the intraperito-
neal cavity of SCID mice. The engraftment rate was 74% [32]. Eoh et al. injected 
minced ovarian cancer fragment into subcutaneous NOG mice with an engraftment 
rate of 53.4% [30]. Heo et al. injected a small fragment of ovarian cancer in the 
renal capsule of nude mice. The engraftment rate was 48.8% [31].
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2.6.2  Analysis of the Original Tumour and PDX

Wu et  al. performed immunohistochemical analyses for primary tumours and 
PDX. The tumour markers, including epithelial tissue marker (CK7), intestinal tis-
sue marker (vimentin), nervous tissue marker (Syn), tumour protein p53 (P53), pro-
liferating cell nuclear antigen (PCNA), Antigen KI-67 (Ki67), and nuclear factor 
erythroid 2-like 2 (NrF2) in PDX models tumours were in accordance with primary 
tumours; however, immunohistochemical scores in PDX models were higher when 
compared to those in primary tumours. The tumour-associated gene expression of 
the second-generation PDX model was also in accordance with the primary tumour. 
They also compared gene mutation and expression between PDX model tumours 
and primary tumours. Single nucleotide polymorphisms (SNPs), transition, and 
transversion of PDX model tumours were lower when compared to those of the 
primary tumour; however, the location of SNPs did not differ between the groups. 
Fusion gene analysis indicated that compared to the primary tumour, which includes 
three fusion genes, there was only one fusion gene in PDX model tumours in accor-
dance with its primary tumour. Six new fusion genes were found in PDX model 
tumours. The alternative splicing of PDX tumour models was lower than that of 
their primary tumour. The consistent rate of expressed genes reached 87.2%. These 
results indicated that PDX model tumours were consistent with primary tumours on 
gene expression [28]. Dobbin et al. performed immunohistochemistry for tumour- 
initiating cell markers, including ALDH1A1, CD44, and CD133. The PDX models 
showed similar expression of ALDH1A1 and CD133. There was a significant 
change in the expression of CD44; however, it decreased from 5.5% to 2.4%. 
Moreover, immunohistochemistry for human HLA demonstrated the replacement 
of human stroma with murine cells. They performed an RT2-PCR array, which 
quantifies mRNA levels of 84 targetable oncogenes. Most of the 84 cancer drug 
target genes had similar expression in the PDX and the original patient tumour [29]. 
Weroha et  al. reported that the glandular characteristic of adenocarcinoma was 

Table 2.3 The engraftment rate of the patient-derived xenograft models for ovarian cancer in the 
literature

Mouse 
strains

Site of 
transplantation

Method of 
graft

Fragment 
size

Engraftment 
rate, %

Wu et al. SCID Subcutaneous Injection Minced 15 (4/26)
Ovary Direct 3 mm3 100 (1/1)

Dobbin 
et al.

SCID Subcutaneous Direct 5 mm2 85
Mammary fat pat Direct Minced 64
Intraperitoneal Injection Minced 22
Renal capsule Injection 3 mm2 8

Weroha 
et al.

SCID Intraperitoneal Injection Minced 74

Eoh et al. NOG Subcutaneous Injection Minced 53 (47/88)
Heo et al. Nude Renal capsule Direct 2–3 mm 49 (22/45)
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conserved between tumourgrafts and their primary tumours. The percentage of non- 
epithelial tissue area, which was negative for pan-CK expression, was similar 
between PDX and primary tumours. When patient and tumour tissue were evaluated 
for the expression of human vimentin using an antibody with no reactivity against 
mouse protein, the patient stroma stained strongly while the tumourgraft stroma did 
not. Array comparative genomic hybridisation revealed a marked overlap in genomic 
gains and losses between the patient tumour and the corresponding tumourgraft. In 
addition, commonly gained/lost genes are seen in ovarian cancer. They also evalu-
ated the efficacy of platinum-based chemotherapy. Paclitaxel–carboplatin chemo-
therapy reduced tumour weight in PDX models, which were grafted from patients 
with platinum-sensitive tumours; however, it was not observed in models that were 
grafted from patients with platinum-resistant tumours. The gene expression showed 
two distinct patterns between platinum-sensitive and platinum-resistant tumour-
grafts [32]. Heo et  al. reported that H&E staining of primary patient tissue and 
PDXs after each passage revealed a similar architectural pattern of nesting configu-
ration and comparable cytologic atypia in PDXs according to pathologic subtype. 
Interestingly, they found different histologic features in PDX tissue compared with 
the tissue of cell line xenografts. Short tandem repeat analysis showed an almost 
identical banding pattern between PDXs and primary patient tumours. They also 
evaluated the efficacy of chemotherapy and molecular target therapy. Paclitaxel–
carboplatin chemotherapy significantly decreased the tumour weight in PDX grafted 
from a patient with high-grade serous carcinoma, which was sensitive to paclitaxel–
carboplatin chemotherapy. Moreover, the EGFR inhibitor erlotinib significantly 
decreased tumour weight in the PDX model grafted from a patient with clear cell 
carcinoma, which strongly expressed EGFR [31].

2.7  Conclusions

Several aspects of human patient tumour tissue, including genomic and histological 
characteristics or sensitivity of anticancer drugs, are preserved in PDX models. 
These advantages could bring about drug development and appropriate treatment 
for precision medicine. PDX models are indispensable tools for precision oncol-
ogy today.
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