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Abstract 
Development of an effective and safe anticancer therapy is the prime concern of anticancer 
research today. Both in vitro and in vivo studies play a pivotal role in the development of new 
anticancer agents. In vitro studies have the advantage that many drugs can be studied at one 
time in a   large number of samples of cells. An absence of biokinetics is one of the significant 
drawbacks of in vitro studies. In vivo testing is more specific and reliable. But the researcher has 
to balance the benefits with the cost and length of time. In vivo studies are definitely a smart 
step in the preclinical testing of new anticancer agents. This article gives an insight into the 
various in vivo methods for the screening of anticancer agents. 
 
Keywords  

In vivo screening, Hollow fiber assay, Xenograft, Genetically Engineered Models  
***** 

 
INTRODUCTION 
Cancer is one of the most life-threatening diseases 
and possess many health hazards in both developed 
and developing countries [1]. Even though many 
treatments are available for cancer therapy, still 
cancer is the 2nd leading cause of death in the globe. 
There are different treatment modalities for cancer 
like surgery, radiotherapy, immunotherapy, 
chemotherapy and stem cell transplantation. 
Anticancer drugs are the main method to fight 
against cancer. Currently, there are about 130 – 150 
types of approved anticancer drugs in the market 
around the world. However, despite the continuing 
development of numerous chemotherapeutic drugs, 
their effectiveness is still limited in that the majority 
of patients continue to die within five years of the 
commencement of treatment [2]. The failure in the 
process of development of anticancer agents is due 
to the lack of proper preclinical screening methods.  
This may be due to imperfections o\of existing in 
vitro and in vivo testing models [3]. 

A screening process is required to identify products 
that will be able to perform anti-tumor effects. The 
biological evaluation of these newly synthesized 
compounds includes various in vitro or in vivo 
techniques. Direct screening by in vivo technique 
requires lot of expenses and approval from animal 
ethics committee hence the synthesized drugs are 
initially screened by various in vitro techniques which 
are cheaper. After screening by invitro technique, 
the promising compounds can be screened further 
by in vivo technique. 
The screening and evaluation of the compound by in 
vitro   in vivo animal models are important tools in 
cancer research which will enable the identification 
of carcinogens, the development of cancer therapies, 
drug screening and providing an insight into the 
molecular mechanisms of tumor growth and 
metastasis.  Large scale screening using animal 
systems is highly unethical and strictly regulated. In 
most cases, either cellular or target-based high 
throughput assays will precede in vivo evaluation of 
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potential anticancer drugs. High throughput 
screening (HTS) plays an essential role in 
contemporary drug delivery processes. Presently, 
active compounds are selected by prescreening and 
screening against transplanted mouse tumors and 
human tumor xenografts as well as by the in vitro 
systems. Because of ethical, medical and economical 
limitations and constraints on the number of patients 
eligible for clinical trials, most of the research has 
been done in experimental system.  

Most pre-clinical data on new anticancer drugs were 
obtained using transplanted tumors in mice. For 
practical reasons, scientists mainly use ectopically 
implanted, subcutaneously growing tumor models, 
frequently as xenografts of human origin. An 
enormous variety of different tumor systems for in 
vivo evaluation of new anticancer agents is available. 

Mostly murine host systems are used for 
experimental tumor therapy because of the 
availability of in-bred lines at relatively low costs [4].  
 
METHODS OF IN-VIVO SCREENING 
A number of different tumor systems for in vivo 
evaluation of new anticancer agents is available. 
Mostly murine host systems are used for 
experimental tumor therapy because of the 
availability of in-bred lines at relatively low costs, the 
ease of obtaining tumor models and established, 
widely accepted experimental endpoints. 
Spontaneous or transplanted murine tumors can be 
studied in immunocompetent mice whereas 
investigation of human tumors requires an 
immunodeficient host, e.g. nude mice, to avoid 
tissue rejection. Spontaneous tumor models offer 
some advantages over transplanted tumor cell lines, 
e.g. genetic diversity, growth in the original 
environment and angiogenesis. Genetically 
engineered mice may help to improve the situation 
[5]. Experimental data show that tumor 
characteristics such as growth rate and potential to 
metastasize depend on implantation site. Tumors 
injected orthotopically, i.e. into the organ of origin, 
apparently behave more similarly to the clinical 
situation. Also, the response to anticancer drugs may 
depend on the implantation site. For practical 
reasons, scientists mainly use ectopically implanted, 
subcutaneously growing tumor models. Most pre- 
clinical data on new anticancer drugs were obtained 
using transplanted tumors in mice, frequently as 
xenografts of human origin. Animal tumor systems 

have to meet several requirements to be suitable for 
experimental tumor therapy. It is very important that 
the tumor precisely reflects treatment response, and 
that the natural history of the host allows the study 
of the experimental endpoint, e.g. a sufficient 
lifespan for follow-up to assess local tumor control. 
Stable biological characteristics of the tumor system 
such as expression of the molecular target, growth 
rate, differentiation and immune response are also 
required to assure the high quality of experiments 
[6].  

The in- vivo methods include: 
1. The Hollow Fiber Assay 
2. Human Tumor Mouse Xenotransplant Models 
3. Tumor Xenograft Model 
4. Autochthonous Tumor Models 
5. Genetically Engineered Mouse Models 
 
The Hollow Fiber Assay 
The hollow fiber assay (HFA) is a fast-in vivo assay to 
determine the cytotoxic effect of drugs, as well as 
their pharmacodynamic effects on human tumor cell 
lines grown in hollow fibers that are implanted 
subcutaneously or intraperitoneally in mice or rats. 
Currently, the most commonly used models for in 
vivo anticancer drug screening are 
xenotransplantation of human tumor to mice and the 
hollow fiber assay (HFA). Both models utilize the 
transplantation of tumor cells into immunodeficient 
mice. 
The xenotransplantation model has some serious 
drawbacks including the time required to screen 
prospective anticancer agents, the number of 
animals required, and the cost involved. These issues 
led to the development of the hollow fiber method 
at the NCI. Actually, it bridges the gap between in 
vitro and xenograft screening of anticancer 
compound [7]. The purpose of this assay is to predict 
which compounds, that showed promise during the 
course of NCI60 human tumor cell line anticancer 
drug screening protocol, will show promise during 
invivo xenograft screening [8]. HFA was developed as 
a heterogeneous solid tumor model. The assay is 
based on the tumor cells ability to form tumors in 
hollow tubes consisting of polyvinylidene fluoride 
(PVDF). Within the tube a central core of necrotic 
cells is surrounded by a thin layer of living cells that 
are in contact with the wall of the hollow tube. HFA 
screening is carried out using a standard panel of 12 
cancer cell lines (Table 1). 
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Cell line Description 

NCI-H23 non-small cell lung cancer 
NCI-H522 non-small cell lung cancer 
MDA-MB-231 breast cancer 
SW-620 colon cancer 
COLO 205 colon cancer 
OVCAR-3 ovarian cancer 
OVCAR-5 ovarian cancer 
U251 Encephaloma 
SF-295 Encephaloma 
MDA-MB-435 Melanoma 
LOX Melanoma 
UACC-62 Melanoma 

Table 1: Tumor cell lines used in HFA 
 
Screening of specific compounds is also possible in 
other cell lines. Cells to be used are cultured until 
they reach log phase growth (approximately 2 x 106 
cells /ml), then the cell suspension is introduced into 
the tubes and incubated for 24-48 hours. The hollow 
tubes, which have an internal diameter of 1 mm and 
a length of 2 cm are permeable to molecules with a 
molecular weight up to 500 kDa and allow nutrients 
and potential anticancer drugs to enter the tubes and 
come into direct contact with the tumor. 
In a typical experiment, each animal receives three 
different implants, each containing a single tumor 
cell line [9]. This reduces the number of animals 
necessary for the analysis, thus reducing the cost. 
After 3- or 4-days post implantation, the drug to be 
tested is introduced into the animal through an 
intraperitoneal injection and is continually delivered 
for the next 4 days. On the 6th day of treatment, the 
tube is removed and cell viability is determined by a 
modified MTT-test, which takes into account such in 
vivo parameters as pharmacokinetics, pH, and 
oxygen content within the tumor. 
Significance 
Analysis of cell cycle, DNA damage and apoptosis 
induction can also be determined [10]. One 
disadvantage of HFA is the spatial limitations of the 
model. Tumor growth is inhibited by the inside 
diameter of the tube and, therefore, to ensure 
credible experimentation, it is necessary to maintain 
tumor growth within the fiber close to its maximum 
[11].  Another drawback is that the fiber wall is an 
artificial barrier between the tumor and its 
environment. This hampers the diffusion of large 
biomolecules, such as DNA and antibodies, which 
implies that the model is not suitable to studies using 
macromolecular agents or nanoparticles [12].  
Human tumor mouse xenotransplantant models 
Human tumor cells, cultured in vitro, can be 
implanted into immunodeficient mice [13]. The 
normal adaptive immune responses associated with 

foreign tissue rejection is suppressed and the tumor 
is not rejected. When the tumor reaches a given size, 
introduction of a potential anticancer drug is made, 
and the efficacy of the drug is determined by changes 
in the tumor size. If a potential candidate shows 
promising results, a series of experiments can be 
conducted out to optimize the drug dosing and 
determine the efficiency of the substance in order to 
reduce its toxicity by adjusting the dose and mode of 
application. The simplest model of 
xenotransplantation is achieved by the subcutaneous 
introduction of tumor cells. This model allows the 
rapid quantification of a compound’s anticancer 
properties and its toxicity [14]. 

Subcutaneous xenotransplantants have been used 
successfully to predict clinical outcomes of 
substances such as cyclophosphamide [15]. This 
model is efficacious in treating rhabdomyosarcoma 
and adenocarcinoma human colon cancers in clinical 
trials [16]. As the xenotransplantation model is to be 
conducted using immunodeficient mice, the tumor 
microenvironment afforded by this system is not 
necessarily a precise representation of the naturally 
occurring microenvironment [17]. In addition, 
immunodeficient mice are not suitable for testing 
substances that interact with or modulate the 
immune system. However, the xenotransplantation 
model is a pillar of preclinical anticancer drug testing. 
An obvious limitation to the subcutaneous 
transplantation system is that the tumor cells are 
grown in a tissue microenvironment that may be 
substantially different when compared to the 
environment they experience when naturally 
occurring in a human subject [18]. To address this 
limitation, the orthotopic xenotransplantation model 
was developed which more closely simulates the 
morphology and growth properties a tumor 
experiences in its natural microenvironment [19]. In 
this model, a subject`s tumor cells are transplanted 
into the orthotopic area of a mouse; for example, 
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colon cancer cells are transplanted into the intestinal 
wall of an immunodeficient mouse [20].  Moreover, 
it is necessary to sacrifice the animal in order to 

investigate the tumor, further adding to the cost of 
an already expensive experiment [21]. Figure: 1. 

 
Figure 1: Human tumor mouse xenotransplant method 

 
For tumors growing as murine xenotransplantants, it 
has been shown that a clinically relevant dose in mice 
is often similar to that observed for primary human 
tumors [22].                
Tumor Xenograft Model 
Growth of human tumor in an immunodeficient 
“nude” (athymic) mouse was reported in 1969 by 
Ritard and Povelsen. A localized, well-defined tumor 
process was obtained which was easily accessible for 
observation, measurement, and biopsy procedures 
after simple transplant of human tumor tissue to 
nude mice. The human tumor tissue could be 
transplanted either in intact form or in form of 
suspension of cells obtained from the human tumor. 
The tumor tissue could be surgically transplanted or 
injected to subcutaneous tissue of trunk, muscles of 
flank, or orthotopically to any organ (generally 
similar to human organ from which tumor tissue is 
obtained) of nude mice [23].  

Subcutaneous implantations are much easier to 
perform than orthotopic implantations and have 
been shown to closely maintain the 
histopathological, cytological, and biochemical 
characteristics typical of original tumor. However, 
they do not reproduce the primary site of the 
common human cancers and lack the invasive and 
metastatic potential. It was shown that metastasis 
after implantation of human tumor in nude mice 
depends on various factors such as site of 

implantation, blood supply to the implanted site, 
presence of fibrous capsule (mice origin) surrounding 
the human tumor, and the cell types of implanted 
human tumor. Orthotopically growing tumors have 
the advantage that metastases occur in much higher 
frequency and the invasion seems to be more 
pronounced when compared with subcutaneously 
growing models. Human tumor xenografts grown 
subcutaneously or orthotopically in nude or in severe 
combined immunodeficiency mice are available for 
all the major tumor types and have become the 
major model for preclinical in vivo anticancer 
screening and drug development. Tumors growing in 
internal organs (orthotopic model) are usually not 
accessible for serial size measurements; therefore, 
the mice have to be sacrificed to measure tumor 
volume that allows only a one-point measurement 
[24]. This drawback can be overcome by using 
imaging techniques now available. While the 
subcutaneous human tumor xenograft model is good 
for evaluating cytotoxic or cytostatic drugs, the 
orthotopic model provides the most appropriate 
evaluation of specific inhibitors of metastases or 
invasion [25]. 

One of the main contributions of this model is that 
the efficacy of an anticancer drug in patient can be 
compared with the effects in the xenograft model (in 
vivo) obtained with the tumor of patient and with the 
well-established parallel cell lines (in vitro) [26]. The 
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human tumor xenograft model is a good predictor of 
clinical activity for anticancer drugs and is useful in 
assessing the drug's pharmacokinetics and 
pharmacodynamics and it also provides a renewable 
and readily accessible source of target human tumor 
cells. 
Significance 
These models are used to investigate the factors 
involved in malignant transformation, invasion and 
metastasis, as well as to examine response to 
therapy. Human tumor xenografts can be used to aid 
in the development of individualized molecular 
therapeutic approaches [27].   
Autochthonous tumor models 
Autochthonous mouse models for human cancers 
are obtained by initiating tumors in a normal cell de 
novo and within the intact organism [28]. The main 
advantage of these models is the pathophysiological 
relevance of the tumor initiation. Autochthonous 
tumors either arise spontaneously or can be induced 
by carcinogens or other chemical, viral, bacterial, or 
physical triggers [29]. Their histological 
characteristics are more like those of human tumors 
than of xenotransplantants. Autochthonous tumor 
models allow one to investigate new molecular 
targets for preventive chemotherapy by studying 
processes of mutations, oxidative stress and 
inflammation, which occur during tumor formation 
[30].  
Significance 
These models may be used to identify new molecular 
targets and are rarely used to directly test the 
antitumor agents.  
Genetically engineered mouse models 
A genetically modified mouse or genetically 
engineered mouse model (GEMM) is a mouse (Mus 
musculus) that has had its genome altered through 
the use of genetic engineering techniques. 
Genetically modified mice are commonly used for 
research or as animal models of human diseases and 
are also used for research on genes.  Lack of 
adequate therapeutic responses observed in human 
tumors and mouse xenografts include the 
fundamental differences between mice and humans 
(such as drug metabolism, pharmacokinetics, 
toxicities, and combination tolerability) [31]. Some of 
these issues may be resolved through the use of 
genetically engineered mouse models (GEMM) of 
cancer, which more faithfully simulate many aspects 
of their corresponding human disease [32]. GEMM 
help researchers to better test drug efficacy and 
model mechanisms of action and therapeutic 
resistance. In addition, optimum dosage regimen can 
be determined by using this method.  In contrast to 
immunodeficient mice, tumors grown in genetically 

engineered mouse (GEM) models are affected by the 
immune system and interact with stroma; therefore, 
making it possible to test drugs with targets reside 
within an immunocompetent tumor 
microenvironment [33].  By using tissue specific 
promoters to regulate antigen expression, it is 
possible to obtain specific types of tumors. In order 
to activate the transgene expression in specific 
tissues one should also use the mouse vital 
regulatory elements [34]. However, the cellular 
introduction of transgenes does not give rise to all 
types of tumors; formation of some requires 
silencing of tumor suppressor gene expression. The 
process of homologous recombination can allow one 
to delete, move or introduce mutations into a gene 
in mouse embryonic stem cells and silence these 
genes. Tumors that arise from the spontaneously 
transformation of cells typically do so during the 
animal’s juvenile or adult stage of development. By 
utilizing the GEM-model it is possible to change the 
expression of the genes of interest at the embryonic 
stage of development. By using methods to control 
recombinant genes expression, it is possible to 
activate a given gene in a tissue of interest and in the 
desired time interval.  Expression activators can also 
be delivered as part of a genetic construct. In the last 
decade, by modifying genes crucial for the 
development of specific types of tumors, researchers 
have developed mouse models of lung, breast, colon, 
ovary, pancreas and prostate cancers [35]. 
An animal’s life span and tumor volume are not 
always a reliable indicator of the efficacy of an 
antitumor agent. In addition, it is necessary to 
sacrifice an experimental animal in order to evaluate 
tumor growth in internal organs, making it not 
possible to monitor the tumor growth dynamics. 
GEM-models with reporter proteins enable to 
overcome these limitations. Such models use tumor 
cell lines that carry bioluminescent or fluorescent 
reporter proteins genes such as firefly luciferase 
gene (LUC) or green fluorescent protein (GFP) of 
jellyfish. Their in vivo expression in tumor cells allow 
one to visualize tumor progression, to monitor its 
response to anticancer agent, and to visualize 
internal metastases and tumor nodule. The advent of 
transgenic organisms expressing reporter protein 
genes has made it possible to distinguish normal cells 
of a host organism from implanted tumor cells. 
Clinical visualization tools adapted for small 
laboratory animals such as micro positron emission 
tomography, ultrasound, magnetic resonance 
imaging and X-ray microcomputer tomography in 
vivo, have great future potential for monitoring 
internal processes, including tracking the growth of 
tumors in these models [36]. Despite the temptation 
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to use GEM as a preclinical screening model, its 
predictive properties are still inconsistent. 
Genetically engineered mice are rather expensive 
and difficult to generate. Currently, one can quickly 
obtain a large number of genetically modified mice 
that are in one stage of development, using invitro 
fertilization technology. However, these mice and 
those obtained through traditional crossing often 
produce spontaneous and multifocal tumors and 
display variable tumor growth. Fluorescence 
intensity or bioluminescence reporter protein in 
different tissues and tumor types often varies. 
Moreover, the use of these mice is generally 
protected by patents. These issues, as well as others 
complicate anticancer agent testing. Although GEM-
models may not replace xenotransplantants, they 
can play an intermediary role between 
xenotransplantant screening and clinical trials. 
Tumors obtained from genetically modified mice can 
be isolated and cultured in vitro. The advantage of 
these cells is that their transformation took place in 
a natural microenvironment and is influenced by the 
immune system. Such tumors when implanted 
subcutaneously or orthotopically into 
immunocompetent mice allow one to investigate the 
effect of anticancer agents more fully. GEM-models 
afford a unique opportunity to characterize 
differences in cell lines and natural tumors by 
comparing their genotypes and phenotypes. It 
becomes possible to restore tumor heterogeneity 
through in vitro multistep carcinogenesis. It is logical 
to assume that cell lines possessing changes similar 
to those of tumor cells in vivo, can be used for the 
initial screening of drugs.  
Significance 
GEMMs can also play a key role in elucidating the 
mechanisms of therapeutic response and innate 
resistance to both chemotherapy and targeted 
agents. The use of GEMMs may enable investigators 
to explore both the feasibility and validity of a 
personalized medicine approach. 
 
CONCLUSION  
Empirical screening procedure combined with novel 
technologies might be the most beneficial method 
for the determination or designing of new anti-
cancer agent. Currently, there are a limited number 
of models designed for preclinical in vivo drug 
screening. Hollow fiber and xenotransplantant 
models have been utilized extensively; however, 
they are limited in their abilities and do not led 
themselves well to the high throughput screen 
studies necessary to evaluate antitumor drugs. 
Although models utilizing genetically modified mice 
offer an attractive and promising alternative, they 

fail in many respects compared to xenotransplantant 
models. When using mouse models, a potential 
anticancer drug is tested in the environment 
different from that in clinical subjects. For example, 
in contrast to humans, most murine cells have 
functionally active telomerase. Thus, the results of 
laboratory testing carried out on syngeneic or 
xenogeneic tumor immunized mice cannot be 
directly extrapolated to humans. A personalized 
medicine approach which uses biopsied tissue 
instead of tumor cell lines to screen antitumor 
substances may bring the researcher closer to actual 
clinical conditions.  
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