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of treatment strategies [1]. PDX models are 
also useful for patients who are ineligible for 
clinical trials due to deteriorating health or 
other disqualifiers [16]. There are, however, 
some theoretical limitations of the PDX plat-
form that need further assessment. Non-ideal 
tissue selection could conceivably be a limiting 
factor, based on the untested hypothesis that 
not all tumor foci are equally lethal [17]. 
Representation of metastasis has also been a 
challenge for certain malignancies [18]. In a 
recent study of 1,110 PDX samples across 24 
cancer types, copy number alterations (CNAs) 
obtained during PDX passaging were found to 
differ from those acquired during tumor pro-
gression in patients, raising the question of 
whether genomic alterations may negatively 
impact modeling [19]. Finally, intratumoral het-
erogeneity has led to a lack of concordance 
among several models of pancreatic cancer 
[20]. These observations highlight the challeng-
es of utilizing PDX as a preclinical discovery 
model for cancer therapeutics.

Predominance of rodent models in the PDX 
platform

Rodent PDX models are a mainstream modality 
in clinical oncology, and their numerous appli-
cations have been described recently [11, 16]. 
Since emerging in the 1980s, their utility has 
spanned prediction of responses and resis-
tance to both first-line and experimental drugs, 
development of biomarkers, and identifica- 
tion of effective treatment regimens [6, 21]. 
Concurrently, enhanced understanding of the 
human and mouse genomes has facilitated 
appropriate genetic manipulation of mice and 
expedited the PDX model’s effectiveness [22]. 
Recent studies have revealed greater activity  
of experimental drugs compared to standard 
ones and even guided optimal, nonobvious 
treatment choices in a small cohort of patients 
with advanced cancer [17, 23]. Several rodent 
PDX models have been established for colorec-
tal cancer [11], in addition to models recapitu-
lating of human metastatic sites in orthotopic 
transplant models of breast cancer [1]; models 
representing of the entire spectrum of ovarian 
cancer [24]; and models which have contribut-
ed to the identification of potential cellular  
targets prior to onset of incurable disease in 
prostate cancer [17]. Additionally, decades of 
murine research have fueled commercializa-

tion of rodent PDX models, with over a dozen 
companies offering a range of services [16]. 
Rodent models currently occupy the lion’s 
share of scientific resources devoted to investi-
gation on the PDX platform.

Despite their utility, rodent models have a  
number of practical and scientific limitations. 
Prohibitive cost and immense resources are 
required to maintain what are essentially ‘live 
tumor banks’. The use of live mammals itself is 
labor-intensive, time-consuming, and raises 
ethical issues for some [6]. PDX mouse ava- 
tars proposed as a platform for precision  
medicine are not covered by health insurance 
[11, 16]. Another practical detriment to the  
efficiency of rodent PDX models is their low 
take rate (the fraction in which success- 
ful engraftment occurs). Certain malignancies 
(e.g. breast, melanoma, head and neck squa-
mous cell carcinoma) have take rates consis-
tently under 50% even with the use of the most 
severely immunosuppressed mice, and others 
(e.g. nasopharyngeal carcinoma) are nearly 
impossible to become established in mice  
[11, 25, 26]. Successful engraftment typically 
requires up to 4 months, and engraftment  
failure often cannot be determined until 4-6 
months post-implantation [27]. Another scien-
tific limitation is the potential for inaccurate 
representation of patient characteristics due  
to the gradual replacement of human stromal 
components in the tumor microenvironment 
with murine stroma [14]. This could impact 
determination of prognosis, identification of 
appropriate cellular and molecular targets, and 
drug-responsiveness. Increased occurrence of 
various niche changes may relate to both ini- 
tial propagation in the mouse and cumulative 
changes during continued passage; collective-
ly, these have the consequence that the initial 
tumor biopsy may significantly differ from the 
state of the patient’s tumor at the time that 
treatment is initiated based on murine data 
[16]. It is difficult to study immunologic drugs in 
the immunodeficient mouse strains used in 
most PDX models without first undergoing an 
elaborate and resource-intensive process of 
“humanization” to establish an immune system 
[11]. Finally, drug metabolism differs between 
humans and rodents, and satisfactory model-
ing of clinically relevant dose (CRD) levels of 
standard agents is challenging [14, 25].
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The chick chorioallantoic membrane (CAM): 
an established assay

A well-established in vivo assay, the chick cho-
rioallantoic membrane (CAM) model has con-
tributed to fundamental scientific discoveries 
including the link between oncogenes and the 
formation of cancer [28]. The CAM is a highly 
vascularized extra-embryonic membrane con-
nected to the embryo through a continuous  
circulatory system, easily accessible for ex- 
perimental manipulation such as intravenous 
injection of compounds and direct visualization 
of local responses [29]. While T cells and B 
cells can be detected in the developing chick 
immune system by Day 11 and Day 12 of 
embryonic development, respectively, the em- 
bryo is not fully immunocompetent until Day  
18 [30]. This feature makes it ideal for grafting 
of foreign tissue prior to immune competence. 
The CAM has historically been a favored system 
for the study of angiogenesis [31]; Folkman’s 
experiments revealed that a tumor requires a 
newly formed vasculature, and the develop-
ment of drugs to inhibit angiogenesis has since 
become an attractive approach to cancer ther-

apy [32, 33]. The CAM is a low-cost model that 
allows simultaneous screening of large num-
bers of pharmacologic agents, with one limita-
tion being the potential for development of  
nonspecific inflammatory response after 15 
days of incubation [34]. Growth of cancer cell 
lines on the CAM is well-established and has 
been used regularly in pre-clinical screenings  
to assess the efficacy of anticancer drugs on 
tumor growth [35]. The CAM assay is signifi-
cantly faster than most mammalian models, as 
tumor grafts become vascularized by chick ves-
sels within 2-5 days following inoculation [36]. 
Techniques which have been used to visualize 
or detect tumor cells in the CAM assay include: 
in vivo videomicroscopy, detection of human 
urokinase plasminogen activator, GFP-labeled 
cells, PCR amplification of human sequences, 
viral nanoparticles, PET/CT imaging, and immu-
nohistochemistry [30, 37]. The past decades 
have seen increasing interest in the CAM as  
a model to study neoplastic growth and the 
maintenance of foreign tissue (Figure 2).

Currently, the typical neoplastic cell assay 
involves lowering (“dropping”) the membrane 

Figure 2. Number of PubMed results for search terms related to application of the CAM in oncology, by year.
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by forming an air pocket between the separat-
ed shell membrane and the CAM itself. Tumor 
cells are then grafted as an inoculum intro-
duced through a small window made in the 
shell above the CAM [37]. The ideal time for 
inoculation has been postulated to be day 9  
of embryonic development, and the ideal time 
for harvest to be day 16 (7 days after inocula-
tion) [38]. Another paradigm is to simply har-
vest the day before tumor rejection would likely 
occur at day 18 [39]. While the in ovo method 
has historically been more popular, ex ovo 
methods are also possible via controlled extru-
sion of the egg content, a modification that is 
proposed to enable easy in vivo documentation 
of effects and increased embryonic survival 
rates from ca. 30% to over 50% [40]. Ribatti 
reviewed both methods and found that the 
advantages of in ovo experimentation include 
high survival rate, reflection of physiological 
conditions and the ability to reach hatching, 
and easy methodology, while the advantages of 
ex ovo include a larger CAM area available for 
testing, direct visualization of the entire struc-
ture, and evaluation of several samples in a 
single embryo [41]. 

Focus of studies grafting fresh human tumor 
tissue on the CAM angiogenesis

Existing literature involving the engraftment  
of fresh human tumor tissue onto the CAM  
has highlighted the study of angiogenesis. 
Klagsbrun et al. cultured glioblastoma and 
meningioma cells (including both cell lines and 
fresh samples obtained by trypsinization of 
brain tumors), and tested the ability of their 
supernatant solutions to produce a hypotheti-
cal Tumor Angiogenesis Factor (TAF) [42]. At 
this time, few investigators were working on 
tumor angiogenesis, and virtually no compa-
nies were interested in developing anti-angio-
genic drugs [43]. While all of the tumor-derived 
cells produced CAM vascularization, the fresh 
tissue samples exerted the most potent effect. 
The authors concluded that a correlation exists 
between the vascularity of a tumor in vivo and 
the potency of TAF in vitro, setting a precedent 
for a highly qualitative method of reporting 
angiogenic changes on the CAM model [42]. 
The first identification of a specific TAF mole-
cule did not occur until 1984, when basic fibro-
blast growth factor isolated from a chondrosar-
coma was found to be mitogenic for capillary 
endothelial cells [44].

Mostafa et al. induced vascularization with 
neoplastic lymphoid cells, both from cell lines 
and fresh biopsies, on the CAM. Angiogenic 
activity was dose-dependent on cell volume, 
and a previously unknown relationship be- 
tween host monocyte chemotaxis and genera-
tion of vascularization was observed [45]. This 
was one initial recognition of the role played  
by the developing avian immune system in the 
CAM assay. Later, Balciuniene et al. reported 
both enlargement and increase in vasculariza-
tion in the area of the CAM directly under the 
transplant. This phenomenon was theorized to 
be a common response to neoplastic trans-
plants, and not indicative of a more complex 
interaction such as anastomosis between host 
vessels and the existing vascular network of 
the graft [46]. Thickening of the mesenchyme 
and increased vascularization under the im- 
plant were previously attributed to both growth 
factors from the implanted tumor and the  
nonspecific inflammatory reaction of the CAM 
[47, 48]. Uloza et al. reported that laryngeal 
squamous cell carcinoma (LSCC) implants in- 
duced both thickening of the CAM (mean 
increase of 401%), and increase in CAM vascu-
larization (higher mean number of blood ves-
sels per constant length of the membrane) ver-
sus the control group [49]. 

Petruzzelli et al. studied vascularization on the 
CAM stimulated by head and neck squamous 
cell carcinoma [50]. An important contribution 
from this study was a unique, subjective meth-
od of quantifying angiogenesis using blinded 
evaluators, as per Vu et al. [51]. Survival rates 
of tumor explants did not appear to be relat- 
ed to mean angiogenesis scores of individual 
tumors, suggesting that take rates are not sig-
nificantly enhanced by a tumor’s ability to stim-
ulate new blood vessels [50].

Marzullo et al. modified a morphometric meth-
od of ‘point counting’, originally devised by Elias 
and Hyde, and reported a highly quantitative 
measurement of angiogenic response to tumor 
grafts on the CAM [52, 53]. Ribatti et al. sub-
jected biopsies of neuroblastoma and endome-
trial adenocarcinoma to fenretinide treatment 
on the CAM and computed vascular response 
with a previously-developed planimetric meth-
od of point counting, which involved analyzing 
serial sections from a specimen through a fine 
mesh inserted into the eyepiece of the micro-
scope [54, 55]. Their second method of quanti-
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fying angiogenic response involved evaluating 
expression of VEGF and FGF-2 receptors and 
highlighting endothelial cells (and thus blood 
vessel formation) with an anti-factor VIII poly-
clonal antibody [54]. Staining intensity of re- 
ceptor immunoreactivity was graded on a  
scale of 0 to 3 that represented a modification 
of Takahashi et al. [56]. This represented the 
most nuanced attempt yet to measure angio-
genic response. 

Sys et al. scored a total of 77 CAMs for macro-
scopic angiogenesis towards xenografts of  
sarcoma, using a scale of 0-2 originally de- 
veloped by Knighton [38, 57]. Biotinylated 
Sambucus nigra (SNA) bark lectin, which binds 
exclusively to chick endothelium and causes 
avian blood vessels to appear brown, is anoth-
er effective method [58, 59]. Visualization tech-
niques such as these enable more accurate 
quantification of angiogenesis, independent of 
the specific counting method. A recent tech-
nique has perfused vessels penetrating breast 
CCL tumor grafts with certain polymers and 
then tracked blood flow with microCT scans; 
this method has the advantage of confirming 
the functionality of vessels while also approxi-
mating the average vessel diameter and total 
vascular density within the graft [60].

As an easily-visualized model, the CAM has 
facilitated highly reproducible studies of ag- 
gressive malignancies such as glioblastoma 
and pancreatic adenocarcinoma [61, 62]. While 
over half of experimenters attempted to quan-
tify angiogenesis in response to fresh tumor 
material (Table 1), it remains to be seen wheth-
er angiogenic response alone may have trans-
lational significance with regards to tumor 
behavior in the patient. With regards to investi-
gations of anti-angiogenic drugs, quantification 
of the primary response can be difficult due to 
a secondary vasoproliferative response from 
nonspecific inflammatory reactions following 
grafting [30]. This highlights the need to devel-
op both an enhanced understanding of the 
chick immune system’s role and an agreed-
upon method of quantifying angiogenesis.

Concordance with parent tumor

Shortly after discovery that the CAM could sup-
port foreign tissues, Stevenson attempted the 
first engraftment of fresh human tumor onto 
the medium in 1918. No growth or mitotic fig-

ures were observed following the inoculation of 
tissue from 8 tumors [63]. Hurst et al. grafted 
17 human tumors onto both duck and chicken 
eggs, with sectioning revealing that neoplastic 
cells were able to survive and multiply on the 
CAM [64]. Although a comparatively high pro-
portion of healthy graft (take rate of 53% for 
surviving embryos) was reported for its time 
period, tumor take was said to have been 
achieved merely if some of the cellular ele-
ments were preserved, even if a majority of the 
graft had undergone necrosis by the time of 
sectioning. Hurst et al. noted that while cells 
typically appeared as healthy as those in the 
parent tumor, there was no growth approximat-
ing that in previous experiments with other 
mammalian tumors [64]. These initial experi-
ments underscore the difference between 
describing subjective similarity with the histo-
logic appearance of the parent tumor, and 
establishing true concordance via molecular 
markers or genetic profiling techniques avail-
able in the modern era.

Earlier studies typically included a brief men-
tion of histologic similarity to the original tumor, 
even if primarily focused on other parameters 
such as drug sensitivity or angiogenic change 
[50, 65]. The first study exclusively focused on 
establishing concordance was performed by 
Balciuniene et al., who transplanted fresh glio-
blastoma samples and sectioned specimens  
at 24-hour time intervals up to 7 days post-
engraftment. This allowed the researchers to 
continually monitor interaction between the 
membrane and neoplastic tissue [46]. The glio-
blastoma fragments survived with all cytologic 
features intact; however, expression of inter-
mediate filaments diminished alongside tumor 
growth, and Ki67 (a strong marker for prolifera-
tion) was found in only a few transplants. 
Transplanted tumors only survived up to 6  
days and were limited by drying of the nourish-
ing membrane, with more numerous necrotic 
zones in the graft as incubation progressed 
[46]. The finding of nutritional limitation was a 
significant departure from the expectation of 
most CAM experiments that tumor proceeds to 
grow until the chick immune system became 
mature [66]. 

Balke et al. demonstrated the first in vivo model 
for giant cell tumor of bone (GCT), for which 
attempts had previously failed. Although tumor 
samples cultured on the CAM displayed compo-
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Table 1. Outcomes of studies that grafted fresh human neoplastic tissue onto the CAM

Tumor Tissue Inoculation Technique
Embryo Sur-
vival; Tumor 
Take Rate

Concordance with 
Patient Histopa-
thology

Quantification of 
Angiogenesis Micro-metastasis Therapeutic Treat-

ment of Xenograft

Stevenson (1918) Carcinomas of breast, 
squamous cells, testicle, and 
trophoblasts

Doses of 0.003 g 35%; ~0% Cells resembling those 
of parent tumor in 
a few sections, with 
multinucleation

Not performed N/A N/A

Hurst et al. (1939) Carcinomas of breast and 
stomach, melanoma, ovarian 
cystoma

0.1-0.2 cc of minced tumor 
in Tyrode’s solution

51/99 (52%); 
27/51 (53%)

Confirmed with 
microscopy; frequent 
mitotic cells

Not performed N/A N/A

Sommers et al. (1952) Miscellaneous tumors 1 cc injections of minced 
tumor in a penicillin 
solution 

327/620 (53%); 
74/327 (23%)

Degenerative changes 
much more frequent 
than mitosis

Not performed N/A N/A

Kaufman et al. (1956) Melanoma; glioma; schwan-
noma; thyroid, breast, lung, 
kidney, bladder carcinoma; 
sarcoma

Fragments of 1-3 mm2 Unknown; 
147/295 (50%) 
for primary PDX

Generally well-
preserved histologic 
characteristics

Not performed N/A N/A

Mostafa et al. (1980) Lymphoma (Hodgkin’s and 
non-Hodgkin’s), Glioma, Lymph 
node metastases

Fragments of 1 mm3 (up to 
4 per egg), directly on the 
CAM or on millipore paper

Poor growth in 
general

Unknown Considered strong if 
many new dilated and 
tortuous vessels present

No; cell survival and 
mitotic activity in only a 
few instances

N/A

Shoin et al. (1991) Glioma (including GBM) Minced 100 µl fragments 57/57 (100%); 
57/57 (100%)

Yes Not performed Not assessed; more 
malignant tumors grew 
more quickly

ACNU and MCNU injec-
tions into CAM veins

Petruzzelli et al. (1993) Head and neck squamous cell 
carcinoma (HNSCC)

Minced 100 mg fragments 44/80 (55%); 
30/44 (68%)

Yes (cellular pleomor-
phism, mitoses, and 
keratinization)

Semi-quantitative grad-
ing on a scale of 0 to 4 
by blinded evaluators

Yes; ‘pushing borders’ of 
xenografts onto the mes-
enchyme of the CAM

N/A

Marzullo et al. (1993) Hepatocellular carcinoma 
(HCC)

Fragments of 1-2 mm3 Unknown Unknown Morphometric method of 
‘point counting’

No; viable cells either 
adhered to the chorion 
or were enclosed within 
the mesenchyme

N/A

Ismail et al. (1999) Ovarian adenocarcinoma Fragments of diameter 
3-8 mm and thickness 
2-4 mm inoculated into a 
silicon ring

Some eggs 
excluded due to 
embryo mortality

Unknown Qualitative observation 
of pattern, density, and 
size of blood vessels

Not assessed Photodynamic therapy 
(PDT) with methylene 
blue (MB) formulations 
as a photosensitizer

Ribatti et al. (2001) Neuroblastoma (NB) and endo-
metrial adenocarcinoma

Fragments of 1-2 mm3 Unknown Unknown Planimetric method of 
‘point counting’

Not assessed Fenretinide pipetted 
directly onto the 
xenograft

Marimpietri et al. (2005) Neuroblastoma (NB) Fragments of 1-2 mm3 Unknown Unknown Planimetric method of 
‘point counting’

Not assessed Vinblastine and ra-
pamycin admixed with 
tumor fragments, solo 
or combined

Balciuniene et al. (2009) Glioblastoma (GBM) Fragments of unknown 
size

178/200 (89%); 
158/200 (79%)

Yes (GFAP, vimentin, 
and Ki67 protein 
intact)

Not performed No; tumors survived as 
‘histologically isolated’ 
units with no invasion 
by avian cells

N/A
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Balke et al. (2011) Giant cell tumor of bone (GCT) Homogenized cells 
suspended in medium 
and inoculated into plastic 
rings

56/125 (45%); 
60/69 (87%)

Somewhat (fewer 
giant cells and less 
mononuclear compo-
nents)

Not performed No; tumors appeared 
to grow on the CAM in 
an implant-like pattern 
rather than invading it

N/A

Sys et al. (2012) Musculoskeletal sarcomas Fragments of 1-3 mm in 
diameter

168/210 (80%); 
unknown

Yes, with chicken 
stroma largely replac-
ing human stroma

Density and length of 
vessels towards the 
xenograft scored from 
0 to 2

Not assessed N/A

Fergelot et al. (2013) Clear cell renal cell carcinoma 
(CCRCC)

Fragments of 2×2×3 mm 6/6 (100%); 6/6 
(100%)

Yes (cell nests and fi-
brous axes, epithelial 
staining, and human 
stroma maintained)

 Penetrating chick 
vasculature seen with 
India ink and confocal 
microscopy

Not assessed N/A

Sys et al. (2013) Sarcoma Fragments of maximum 
1 mm3

Up to 75%; 
unknown

Yes (essential 
features and im-
munohistochemical 
characteristics)

Not performed Yes; infiltration of the 
CAM mesenchyme by 
tumor cells and graft by 
chick fibroblasts

N/A

Xiao et al. (2015) Nasopharyngeal carcinoma 
(NPC)

Fragments of 1.5×1.5 mm 
inoculated into a silicon 
ring

Unknown; 
35/35 (100%)

Yes (morphology and 
poor differentiation 
with EBV genome 
intact)

Dividing area of blood 
vascularization by the 
total area of the CAM

Yes; intravasated tumor 
cells seen with confocal 
microscopy and qPCR 
amplification in organs

N/A

Uloza et al. (2015) Laryngeal squamous cell carci-
noma (LSCC)

Fragments of 8 mm3 Unknown Yes (retained original 
characteristics and 
expressed 3 markers 
of LSCC)

Mean number and area 
of blood vessels per 
constant length of the 
CAM

Yes; 2 of the 6 
xenografts invaded the 
chorionic epithelium of 
the CAM

N/A

Ferician et al. (2015) Renal cell carcinoma (RCC) Fragments of 2×2 mm 
(tumor tissue and stroma) 
inoculated into a silicon 
ring

20/20 (100%); 
20/20 (100%)

Yes (human-specific 
endothelial markers), 
with human stroma 
maintained

Viability of intratumoral 
blood vessels verified 
by presence of chick 
erythrocytes

Not assessed Endostatin pipetted 
directly onto the 
xenograft

Uloza et al. (2017) Recurrent respiratory papilloma 
(RRP)

Fragments of at least 
0.5×0.5×0.5 cm

127/174 (73%); 
unknown

Yes (essential fea-
tures and staining for 
cytokeratin, Ki67, and 
PCNA)

Number of SNA-stained 
vessels per constant 
length of section within 
“sight fields”

Yes; papilloma sprouts 
onto the chorionic 
epithelium 

N/A
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nents of GCT, giant cells were less numerous 
and contained fewer nuclei than in the original 
tumors [67]. While this may question the ability 
to culture a truly representative giant cell tumor 
on the CAM, the successful generation of PDXs 
on the model highlights its utility in the study  
of rare tumors that currently suffer from lack  
of suitable models. A recent novel model to 
study bone metastases in prostate cancer fo- 
und that, on the CAM, metastatic cells prefer-
entially colonized bovine trabecular bone xe- 
nografts that were artificially coated with the 
extracellular matrix protein tenascin-C, which is 
known to be deposited in the reactive stroma 
response [68]. Recapitulating exact features of 
a parent tumor may not always be an essential 
part of the assay, so long as the method can 
reliably replicate key biological processes in 
the patient that may have value as a therapeu-
tic target. 

Sys et al. evaluated whether xenografted tumor 
tissue of musculoskeletal origin could retain 
hallmarks of the original tumors. Diverse tumor 
fragments were grafted on the CAM and each 
retained the original tumor morphology; how-
ever, tumor-associated stroma from the hu- 
man samples was largely replaced by chicken-
derived stroma in the grafts [39]. This was the 
first reported instance of grafting human stro-
ma alongside tumor tissue, a possible strategy 
for replicating original tumor microenvironment 
in PDX models [16]. The replacement of human 
stroma suggests that human stromal supple-
mentation may be critical for truly representa-
tive models. In comparing tumor types, meta-
static types were significantly more viable, 
infiltrative, and less necrotic than the benign 
samples, the primary malignant samples treat-
ed with chemotherapy, and the primary malig-
nant samples not treated with chemotherapy. 
Viability was also significantly associated with 
the patient’s disease progression [39]. These 
results demonstrated the model’s ability to 
assess differences between tumor subtypes, 
and even between treated and untreated tu- 
mors with chemotherapy. While this relation-
ship can’t be assumed for every cancer type, it 
highlights the possible prognostic use of the 
model as an in vivo tool to assess tumor aggres-
siveness. This would be particularly beneficial 
in determining when a particular patient’s can-
cer might require more aggressive therapy than 
initially thought.

Fergelot et al. validated the CAM as a model for 
the clear cell subtype of renal cell carcinoma 
and its interactions with the surrounding stro-
ma. Penetration of chick vasculature into the 
grafts was visible 4 days after implantation  
via injection of India ink into a CAM vessel  
[58]. Formerly, penetration of avian vessels 
was either identified by IHC of chick erythro-
cytes as a marker in human vessels or not  
consistently observed (Table 1). Vessel pheno-
type was characterized by confocal microscopy, 
detecting human vessels with antibodies for 
human CD31 and CD34 and chicken vessels  
by the SNA lectin stain. The authors concluded 
that tumor vessels were maintained, anasto-
mosed to host vessels, and then perfused [58]. 
This was the most detailed indication so far  
of a hybrid vessel formation between host  
and human capillaries in the CAM-based PDX 
model. Uloza et al. similarly injected the CAM’s 
vessels with fluoresceinated anionic dextran 
and used biomicroscopy to confirm vasculariza-
tion of the xenograft in vivo [59].

The study of nasopharyngeal carcinoma (NPC) 
has been hampered by a lack of suitable in vivo 
models. Furthermore, while NPC is strongly 
associated with Epstein-Barr virus (EBV), most 
of the cell lines that have been developed  
were rendered EBV-negative in prolonged cul-
ture, and thus have unknown relevance [69]. 
Several PDX lines that retain morphology and 
harbor the EBV genome have been developed; 
however, transplantation of primary tumor tis-
sue into nude mice is not efficacious due to 
rapid replacement by murine stroma [70]. Xiao 
et al. established an in vivo CAM model from a 
total of 35 NPC primary tumor biopsies. Trans- 
planted tumors retained morphology and poor 
histologic differentiation; notably, the EBV ge- 
nome was also maintained [26]. This was the 
first description of the successful preservation 
of a cancer-associated virus in PDX culture on 
the CAM, highlighting the potential use of this 
assay to study viral-associated tumor biology 
with relatively simple visualization and verifica-
tion. Future studies on the CAM-based PDX 
model could incorporate tissues harboring 
other cancer-associated viruses that collective-
ly contribute to 10-15% of cancers worldwide, 
including human papillomavirus (HPV), hepati-
tis B and C viruses, human T-cell lymphotrophic 
virus (HTLV-1), and Kaposi sarcoma-associated 
herpes virus (HHV-8) [71].
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Our laboratory routinely cultures both cancer 
cell lines and primary patient-derived tumors 

and found to represent maintenance of the par-
ent tumor on the CAM.

Figure 3. CAM Assay. A. Identification of the vascularization (black arrow) and the air sac (blue arrow) using the Egg 
Candler. B. Opening a window in the shell using a rotary tool. C. Removing the outer membrane from the CAM. D. 
Silicone ring being placed on top of the CAM. E. Cell line, FaDu, seeded into silicone ring. F. Day 1 of growth, FaDu. 
G. Day 5 of growth, FaDu. H. IVIS image of FaDu.

Figure 4. In vivo histologic appearance of experimental PDX on CAM. A. Oral 
squamous cell carcinoma with keratin pearls (black arrows), multinucleated 
giant cell reaction at the tumor-CAM interface (yellow arrow), and a large 
vessel (white arrow). B. Papillary thyroid carcinoma with enlarged, elongated, 
and overlapping nuclei of cells contained within discrete follicles (black ar-
rows) and scattered, infiltrating neoplastic cells (yellow arrow). C. Medullary 
thyroid carcinoma with nests of hyperchromatic polygonal tumor cells sepa-
rated by fibrovascular stroma (black arrows) and amorphous, eosinophilic 
amyloid deposition extracellularly. D. Pleiomorphic adenoma of the parotid 
with myoepithelial proliferation (black circle) and gland formation in a chon-
dromyxoid background on the CAM (yellow arrow).

on CAM (Figure 3), and our 
unpublished data closely reca-
pitulates histologic hallmarks 
of four different types of head 
and neck cancer (Figure 4). 
The study of head and neck 
cancers on xenograft models 
has been constrained by low 
take rates and availability; for 
example, slow tumor growth 
and engraftment rates of me- 
dullary thyroid cancer (MTC) 
present serious challenges to 
the development of murine 
PDX models [72]. After obta- 
ining informed consent, our 
own laboratory has success-
fully established patient-de- 
rived xenografts from frozen 
sections of various head and 
neck cancers, including MTC, 
with take rates of 70-80%. 
Our unpublished data closely 
recapitulates histologic hall-
marks of four different types 
of head and neck cancer (Fi- 
gure 4). Each of the stained 
sections in the panel has be- 
en scored by a pathologist 


