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Purpose: The high mortality rate of breast cancer motivates researchers to search for effective treatments. Due to their ability to 
simulate human conditions, xenograft models such as CDX (Cell line-Derived Xenografts) and PDX (Patient-Derived Xenografts) 
have gained popularity in pre-clinical research. The choice of xenograft technique is influenced by the type of tumor employed, 
particularly in more aggressive tumor models like TNBC with metastases. Subcutaneous or orthotopic implantation may influence 
tumor engraftment rates and the applicability of the models for drug testing. To optimize xenograft models and support the 
development of breast cancer drugs, selecting a suitable transplantation technique is essential to attaining the best results.
Methods: This scoping review used PRISMA-Scr methodology to summarize findings from eleven articles published between 2012 
and 2024 on pre-clinical trials related to xenograft models for breast cancer considering PDX began traction after 2010. Using specific 
criteria, the review included studies from electronic platforms. The inclusion criteria ensured relevant English sources were available 
in full text, while the exclusion criteria eliminated certain types of articles and inadequately comprehensive studies.
Results: Subcutaneous and orthotopic implantation are critical methods for xenograft models in cancer research. Subcutaneous 
implantation is less invasive and more manageable but does not fully mimic the tumor’s natural environment. Orthotopic implantation 
accurately mimic the migration, invasion, and molecular characteristics of the original tumor, although the procedure is more complex 
and requires specialized techniques. The specific research objectives determine their choice, the need for accurate tumor replication, 
and the testing convenience.
Conclusion: Orthotopic implantation is the preferable method for developing PDX and CDX models of breast cancer because it 
closely mimics the tumor microenvironment and metastatic behavior, yielding clinically relevant results for drug testing. Subcutaneous 
implantation may result in higher engraftment rates, but it cannot accurately represent the complexity of tumors.
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Introduction
Breast cancer, which has been labeled one of the most common cancers diagnosed over the past five years, has garnered 
significant attention from researchers worldwide. With over 2 million women confirmed to have been affected by breast 
cancer, the mortality rate is alarmingly high, accounting for 684,996 deaths at a rate of 13.6 per 100,000 age-adjusted 
cases in 2020.1,2 Consequently, breast cancer has emerged as the leading cancer type with a notably poor life expectancy 
on a global scale.
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Researchers have used various techniques and strategies for over forty years to construct a picture of the pre-clinical 
model of trial animals, primarily mice, in vitro and in vivo, intending to come as near the original as possible.3 In 
addition, drug efficacy and new treatment research on breast cancer still need to be sought. Therefore, the use of 
xenograft method in the pre-clinical model has become widely chosen by researchers. This is because pre-clinical 
models, xenograft especially, may simulate the conditions before human testing.4 The most popular xenograft models 
utilized and have significantly contributed to breast cancer research in the previous two or three decades are cell line- 
derived xenografts (CDX) and patient-derived xenografts (PDX). CDX models result from the implantation of cancer cell 
lines into immunodeficient mice.

Meanwhile, PDX models result from implanting original tumor cells or tissue into immunodeficient mice, with human 
cancer’s biological characteristics and microenvironments recreated.5 In general, preclinical assessment of therapeutic 
approaches, biomarker discovery, drug screening and treatment, and cancer research have all come to rely on PDX 
models. Several institutes, such as the National Cancer Institute in 2019 and the European Molecular Biology Laboratory 
and the Jackson Laboratory in 2023 have even amassed libraries of PDX and CDX models recently. This demonstrates 
that despite introducing new techniques like organoids/3D culture output, both approaches are still applicable and being 
improved.6

During the xenograft model procedure for CDX and PDX, both have limits. Genetic drift, poor tumour heterogeneity, 
and occasionally low clinical relevance due to the CDX model’s inability to replicate the natural tumour environment are 
all common. In addition, the PDX model uses immunocompromised mice, which limits its ability to replicate the immune 
system of a normal human accurately, and it has time and financial constraints.7,8 Researchers also have the option to 
either subcutaneously implant or inject the tumor into the skin or orthotopically into the inguinal or thoracic mammary 
fat pad.9 In numerous studies, significant research indicates that the choice of implantation site significantly impacts the 
engraftment results of breast tumors in both CDX and PDX models.10 The benefit of subcutaneous implantation is that 
tumor size can be readily monitored, allowing for rapid drug efficacy validation. However, there is concern that the 
subcutaneous microenvironment may differ from the tissue of origin for most tumor types, potentially limiting the 
accurate representation of human cancer complexity in PDXs.

Furthermore, the subcutaneous approach demonstrates variations in vascularization and a less suitable metastasis 
tendency than the tumor’s origin, which can lead to occasionally incompletely representative outcomes.11 Conversely, 
orthotopic implantation tends to lead to tumor metastasis in a manner consistent with corresponding human tumors, 
thereby creating more clinically relevant models. More substantial growth, larger tumour size, and improved re- 
transplantation rates were observed in orthotopically implanted PDX tumours.10

Over a decade, researchers decided to use the orthotopic technique, while others chose the subcutaneous method due 
to existing considerations and developed a more relevant clinical model. To boost productivity and save expenses, some 
researchers in fact employ alternative techniques like organoids or 3D culturing. It is nevertheless thought to be less 
accurate in describing actual tumors, particularly if metastasis is desired, because this method does not use the immune 
system or vascularization that occurs in humans. Because the CDX and PDX approaches use living organisms that can be 
tuned to be as close as feasible to the state of actual human tumors, the comparison between them becomes more 
meaningful.12 Since achieving the best results from the xenograft method may involve variations in technique despite 
a similar main concept and protocol, one crucial factor is how the tumor is implanted. This article presents a comparative 
analysis of orthotopic and subcutaneous implantation methods for CDX and PDX models in breast cancer research. By 
summarizing the models that employed these methods for drug testing, we aim to assist researchers in selecting the most 
suitable transplantation technique that optimizes the xenograft mouse model and supports future breast cancer drug 
development.

Methods
This study used the Preferred Reporting Items for Systematic Reviews and Meta-Analysis Extension for Scoping Review 
(PRISMA-Scr) to conduct a scoping review.13 The summary of the articles’ findings will be presented in Tables 1–3. 
Sources of information and literature used in this study were located through electronic platforms, namely Medline 
Database, PubMed, and Elsevier, with keywords ((breast cancer OR breast tumor) AND (xenograft OR PDX OR CDX 
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OR patient-derived OR cell-derived) AND (mouse model OR mice). The inclusion criteria of this study were in line with 
the source’s title, keywords, and abstract; sources in English, references can be read in full text, and not only containing 
an abstract or short summary. The time frame (2012–2024) was also selected because, after more varied implantation 
techniques were introduced, research on PDX began to gain traction after 2010, and studies that draw comparisons 
between CDX and PDX have grown in quantity and significance over the past ten years. The exclusion criteria of this 
study are article letter to editor type, internet-accessible material that has not been adequately published in a journal 
article or conference proceedings, and not mentioning the number of xenograft lines/samples used in the pre-clinical trial 

Table 1 Model Used in Subcutaneous and Orthotopic CDX

Mice Strain Cell Line Engraftment 
Rates

Reference

SUBCUTANEOUS Athymic Nude MDA-MB-231 100% [14]

ORTHOTOPIC BALB/c-nude MDA-MB-231 72% [15]

SCID LM2-4 87.5% [16]

LM2-4H2N 100%

MDA-MB-231 100%

NOD/SCID MDA-MB-231 90% [17]

Table 2 Model Used in Subcutaneous and Orthotopic PDX

Tumor Origin Tumor 
Collection

Mice 
Strain

Engraftment 
Rates

Reference

SUBCUTANEOUS Primary ER+, HER2- Surgery NSG 36% (26/71) [18]

ER+, HER2+ 36% (4/11)

ER-, HER2+ 44% (4/9)

ER-, HER2- 42% (11/26)

Primary ER+, HER2- Surgery NSG 15% (12/81) [19]

ER+, HER2+ 25% (4/16)

Metastatic ER+, HER2-/+ Biopsy NSG 53% (8/15) [20]

ER+ 33% (1/3)

ER-, HER2- 60% (3/5)

ORTHOTOPIC Primary ER+, HER2- Surgery NSG 16.6% (2/6) [10]

ER-, HER2- 60% (3/5)

Primary ER+ Surgery NSG 6% (3/51) [21]

HER+ 36% (5/14)

Primary ER+, HER2- Biopsy SCID/Bg 50% (1/2)

Note: Engraftment rates are based on 1st passage of transplantation.
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or engraftment rate/tumor growth rate. Ultimately, eleven articles published between 2012 and 2024, which described 
pre-clinical trials, were carefully evaluated.

Results
Xenograft Transplantation Model
Cell-Derived Xenograft
CDX is one of the most basic and widely used model systems because it involves grafting human cell lines into 
immunosuppressed animals. These have been very helpful for assessing the genetics, biological processes, and, to some 
extent, the potential for metastasis of breast cancer; nevertheless, they are constrained by the reduced intra-tumor 
heterogeneity and the poor track record of predicting clinically successful therapy.23

Because of the rapidity and repeatability of tumor development, transplantable cell lines are appealing for therapy 
research. CDX models have the benefit of being easier to generate and more reproducible because they use a well- 
established cancer cell line that has been described and verified. Additionally, CDX models are simpler to modify in the 
lab, enabling scientists to investigate the impact of particular genetic changes on the behavior of cancer. The use of the 
CDX model depends on the study’s objectives and the unique research issue. In the CDX model, tumor heterogeneity and 
lineage hierarchy are vulnerable to loss. As a result, the PDX model may be preferred when researchers want to keep the 
human stromal components and maintain the tumor architecture related to breast cancer23,24 (Figure 1).

Patient-Derived Xenograft
Patient-derived Xenograft (PDX) animal models are created by the direct transplantation of patient-derived tumor pieces 
into immunocompromised mice. In brief, bits of tumors or single-cell are extracted from tumor tissues obtained through 
surgery or biopsy and implanted under the skin (subcutaneous transplantation), in the organ as the original tumors in the 
patients (orthotopic transplantation), or the renal capsule of the immunocompromised recipient mouse.24 When using 
PDX, tumor fragments may be implanted immediately without first being cultured following tissue collection from the 
patient. Instead, tumor fragments should be cut into 2–3 mm3 pieces for simpler transplanting25 (Figure 1).

The procedure is relatively simple and involves acquiring fresh surgical tissue, sectioning it into pieces no larger than 
three mm3, and then implanting the pieces either subcutaneously or orthotopically into the flank of an immunocompro
mised mouse or rat. The generation containing the patient-derived material is known as F0, and the generations after it 
are numbered sequentially (F1, F2, F3, etc).; at the same time, other groups have given these names instead, such as G0, 
G1, and so on. The period necessary for tumor “take” varies depending on tumor type, implantation site, and recipient 
strain. Still, in general, it is between 2 and 4 months, with failure of engraftment not being determined until at least 6 
months. Pharmacological therapy may be expanded to the third generation (F3 or G3), and most organizations employ 

Table 3 Drug Testing with Subcutaneous and Orthotopic Implantation

Implantation Site Tumor Subtype Agents/Drugs Response Reference

Subcutaneous TN, Luminal B Paclitaxel Resistant [20]

TN Idasanutlin Resistant

Luminal B IC30 = 15 µM

TN Everolimus IC50 = 10 µM

Luminal B IC50 = 15–20 µM

Luminal B Tamoxifen High sensitivity

Orthotopic TN Docetaxel <30% regression [22]

Paclitaxel Resistant
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early passages for such investigations. The primary factor, however, should be how far the PDX has diverged from the 
patient’s tumor regarding genetics and histology.26

Implantation Site
Subcutaneous
Subcutaneous implantation entails injecting or placing tumor cells or tissue fragments into the dorsal flanks of the mouse 
model, precisely at the junction of the skin and muscles.9,10 The subcutaneous approach is easier to manage and less 
invasive, so the mouse model experiences less pain during surgery. With the minimally invasive method, surgery wounds 
can even heal rapidly. As a result, this method explains why, generally, in some cases, the subcutaneous method has 
a reasonably high success rate.9,27 Despite its advantages, there is a valid concern that the subcutaneous method may not 
accurately replicate the original microenvironment of the tumor when compared to the orthotopic technique.27

Subcutaneous xenograft is a more suitable method for investigating tumor development, as it facilitates easier 
tracking of changes, such as monitoring the volume of tumors on the skin’s surface. Additionally, due to its convenience 
and swift implementation, subcutaneous implantation is recommended for quickly generating multiple PDX mouse 
models.28 To assess tumor growth, researchers typically employ a digital caliper to measure the length and width of the 
tumor. Using the volume ellipsoid formula π

6 x L x W x H and 1
2 x L x W x H

� �
mass estimation is quantified.29 While 

measuring the tumor’s height may present challenges, tracking its length and width still provides a reliable means of 
assessing tumor growth with greater ease.

Figure 1 Process of Tumor Implantation in cell line-derived xenografts (CDX) and patient-derived xenografts (PDX) Model.
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Orthotopic
Orthotopic implantation emerges as the most optimal method for tumor transplantation, offering the flexibility to implant 
in the thoracic or inguinal mammary fat pads. This technique allows for the utilization of either tumor cells or tissue 
fragments as transplants. However, tissue fragments are particularly recommended, as they localize the tumor at the 
original cancer’s primary site, resulting in a higher degree of histopathological and molecular similarities to the original 
tumor.10 Consequently, the disease development process modeled by this method yields outcomes that closely resemble 
those seen in humans, making it highly valuable for medication development, especially in the context of breast cancer.9

The orthotopic method may enhance the lack of a subcutaneous method in investigating breast cancer metastasis. It 
can ultimately increase engraftment rates in the mouse model via migration and invasion to other organs.9 In contrast, 
orthotopic modeling demands a trained surgical technique for obtaining tissue fragments and developing an appropriate 
PDX model so that sometimes the succession rate is better in the subcutaneous method. In contrast with the subcutaneous 
method, a digital caliper cannot be used to measure the mass of tumors or monitor tumor growth results. Therefore, it 
needs the most advanced imaging technologies, such as computed tomography (CT), magnetic resonance imaging (MRI), 
optical imaging (OI), positron emission tomography (PET), and ultrasonography (USG), to visualize and estimate the 
growth of tumors.9,30

Impact of Implantation Site: Engraftment and Characteristic
The factors influencing the engraftment rate are not limited to the tumor’s implantation site. However, the implantation 
site is still a significant factor, as it can provide numerous considerations for researchers who wish to achieve specific 
objectives when developing xenograft models.30 Tumor tissue is considered engrafted if it has been successfully detected 
macroscopically during physical and histological analysis using a formula or technology based on the implantation 
technique. A high level of engraftment is necessary, but the microenvironment must be as similar as feasible to that of the 
original tumor.31

The models of CDX and PDX used for subcutaneous and orthotopic implantation are displayed in Tables 1 and 2. In 
CDX, mice implanted by subcutaneous method have high engraftment rates in total (100%).32 Conversely, the orthotopic 
method has reduced engraftment rates that are not statistically significant.: 72%; 87.5%; 90%.15,16,19 It also possible for 
orthotopic in CDX model to have 100% engraftment rates16 when using different cell lines. PDX also produced a similar 
output model. The subcutaneous method also yields results with higher engraftment rates, the lowest being 15%,18 while 
the results with a percentage of more than 50% million were successfully obtained (53%; 60%; 65%; 80%).20

In percentage terms, subcutaneous implants have a higher engraftment success rate than orthotopic implants. This is 
since the orthotopic method is typically more complicated and requires qualified surgical techniques to transplant specific 
organs, whereas the subcutaneous process has a more accessible area for implantation.20,32 The subcutaneous location 
also allows researchers to see and measure the exact location of tumor growth, allowing for earlier initial screening to 
determine successful engraftment.30 However, despite being easier to observe, the activity and volume of tumor 
engraftment measured subcutaneously are likely to be smaller than when measured orthotopically.33

Tumor type also influences the results of xenograft engraftment. ER(+) tumours have been observed to be less likely 
to engraft than TNBC. ER(+) tumours need around six times longer than TNBC tumours to reach a palpable size which 
indicates that aggressive tumors have a tendency to be transplanted more quickly, especially if supported by the 
orthotopic method.10 As additional information, the spread of triple-negative breast cancer is associated with elevated 
recurrence rates in visceral organs and soft tissue, nonetheless, decreased rates in bone. This can help researchers to 
choose the right method to see which metastases they want to study according to the research objectives.16

The subcutaneous technique has a high engraftment rate but cannot replicate the microenvironment of the original human 
tumor. In the first passage, implantation does not demonstrate significant variations in the microenvironment; however, in the 
subsequent passage, the stromal component and metastasis pattern deviate more and more from the original tumor state.34 On 
the other side, orthotopic tumors exhibit a more aggressive and malignant growth pattern than subcutaneous tumors. This is 
because the engraftment process in the orthotopic model corresponds to the original tumor’s behavior before transplantation.33 

This demonstrates that every technique has benefits and drawbacks of its own. The subcutaneous technique is worth considering 
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if researchers are looking for a quick method, need a high engraftment rate, and are interested in studying tumor types other than 
metastatic ones. While the orthotopic method may require more talent, it is an essential option if researchers frequently employ 
tumors with metastases due to its advantages, which better depict the original tumor environment.

The Relevance of Drug Testing and Clinical Situation Based on Implantation Site
The primary objective in developing xenograft models is to assess the effectiveness of breast cancer-related medications. 
Numerous studies have indicated that the sensitivity of therapeutic responses is comparable in these models. In Table 3, 
researchers have documented drug trials using both subcutaneous and orthotopic transplantation techniques. For instance, 
the paclitaxel trial showed similar resistance levels when administered through subcutaneous and orthotopic methods, 
which bears clinical relevance for patients exhibiting resistance to triple-negative therapy.20,22 In subcutaneous, 
Idasanutlin that response greatly in breast cancer with positive estrogen receptor, is needed in 15 µM to inhibit 50% 
biochemical and biological functions (IC30 = 15 µM).20 Tamoxifen has great sensitivity to the tumor model and only 
need 0.012 µM to inhibit half of the biological response.20 For the orthotopic method, the use of docetaxel gave <30% 
regression of the tumor, means that in both clinical and pre-clinical this method also give similar result.33 However, 
despite this similarity in therapeutic response and sensitivity, there are still notable distinctions between the two methods 
that researchers must carefully consider while determining the purpose of drug testing.35

The therapeutic response will be affected by the dimension of the tumor resulting from both transplantation 
techniques.36 In the initial phase, both methods may lead to the development of gradually spreading and metastatic 
tumors with comparable dimensions. However, it is observed that in the subcutaneous model, metastasis may occur in 
a different location than that of the primary tumor. In contrast, orthotopic tumors generally exhibit a more remarkable 
ability to retain their original location and behavior.37 As a result, orthotopic implantation tends to yield more relevant 
and accurate results compared to the subcutaneous approach.

The implantation site also affects drug concentrations in the mouse model. The orthotopic experiment of doxorubicin 
and cyclophosphamide revealed that orthotopic tumors contained higher doxorubicin concentrations than subcutaneous 
tumors. This is likely due to the subcutaneous impact of the microenvironment, where lymph node and blood vessel 
malformations cause the stroma to solidify and become rigid.35

The condition of the immune system, a part of the tumor’s microenvironment, is a further factor. This condition will 
improve the model’s ability to respond to therapy. Lymphocytes are present in the tumor stroma for both transplantation 
procedures. This type of situation is known to be beneficial for immunotherapy research. This demonstrates that both 
transplantation methods are relevant for conducting drug trials.36,37 Although this, evidence suggests that the orthotopic 
microenvironment is more comparable to the original tumor state, particularly regarding metastases. The orthotopic 
method can be used to produce even more relevant outcomes. In contrast, the subcutaneous procedure typically tends to 
be more effective for testing drugs derived from the primary tumor than metastases.

In comparing the subcutaneous and orthotopic techniques, it is evident that the subcutaneous approach lacks the 
natural tumour microenvironment of the originating organ, which ultimately influences tumour behaviour and its 
response to pharmacological therapies.6,10,15 This strategy also restricts researchers from further investigating tumour 
metastasis, as it spreads may not correspond with the spread of the original tumour.38 This frequently results in a bias in 
pharmacological response research. Conversely, the orthotopic method addresses the limitations of subcutaneous 
techniques by more accurately replicating the tumour microenvironment. Nonetheless, it necessitates proficient surgical 
skills to effectively transplant the tumour. Consequently, the success rate is observed to be diminished in this procedure 
due to the increased complexity of the transplanting.10 Biases with the measurement of tumour growth in orthotopic 
models must also be acknowledged, particularly as the transplant’s position within a specific organ necessitates 
sophisticated technology for precise assessment of tumour development.7 Furthermore, the utilisation of mouse models 
warrants careful consideration, as it may provide a double-edged sword; employing immunocompromised mouse models 
can diminish the applicability of the immunological status observed in actual humans.39
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Future Considerations
Alongside the success rates of the previously mentioned studies, each also has various limitations. To enhance the quality 
and efficacy of xenografts, the following considerations may be explored in future studies to attain more ideal outcomes. 
Many studies acknowledge the presumption that the model may not closely resemble an actual microenvironment. 
Consequently, researchers must enhance the prediction efficacy of genomic and transcriptome indicators. Screening for 
responses to traditional cytotoxic and alternative-target agents can be conducted, and innovative combination strategies 
may be suggested, either by enhancing similarity to the microenvironment or by altering the mouse model to reflect 
immunocompromised conditions comparable to human circumstances.19 Furthermore, concerning tumors with metas
tases, non-invasive imaging can evaluate the spatiotemporal dynamics of metastasis formation, addressing significant 
limitations of sole endpoint studies and facilitating precise randomization of animal cohorts for treatment outcome 
investigation. The outlined tumor models of spontaneous metastasis and the imaging toolkit can evaluate the effective
ness of novel therapeutic regimens for metastatic breast cancer.31 Comprehensive bioinformatics and network analysis of 
transcriptome and proteomic data from human malignancies may uncover metastatic routes, therapeutic targets, and 
prospective biomarkers. Multidisciplinary research indicates that the strength and accuracy of these systems in predicting 
clinical outcomes are enhanced when integrated with other molecular biology and bioinformatics tools.18 There should be 
pertinent biological factors underlying PDX treatment resistance that can be leveraged to improve clinical treatment.20

Conclusion
In conclusion, for the development of PDX and CDX models of breast cancer, due to its wider heterogeneity, more predictive 
power, and greater relevance to clinical settings, the PDX approach seems to have been studied more thoroughly than CDX. 
Orthotopic implantation emerges as the preferred technique. This method closely replicates the tumor microenvironment and 
metastatic behavior, resulting in clinically relevant outcomes for drug testing. However, it requires surgical expertise and 
advanced imaging technologies to monitor tumor growth. On the other hand, subcutaneous implantation yields higher 
engraftment rates, which are suitable for research such as initial screening or testing of medications targeting primary tumors. 
Furthermore, this method works better in facilities with limited resources and novice technicians.

Researchers must carefully assess their research objectives and model characteristics when choosing the implantation site 
to optimize the use of PDX and CDX models for breast cancer research and drug development. The advantages and 
disadvantages of each method should thoughtfully be weighed to ensure the clinical relevance and applicability of the findings.
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