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W Check for updates

Existing guidelines on the preparation (Planning Research and Experimental
Procedures on Animals: Recommendations for Excellence (PREPARE)) and
reporting (Animal Research: Reporting of In Vivo Experiments (ARRIVE)) of
animal experiments do not provide a clear and standardized approach for

refinement duringin vivo cancer studies, resulting in the publication of generic
methodological sections that poorly reflect the attempts made at accurately
monitoring different pathologies. Compliance with the 3Rs guidelines has
mainly focused on reduction and replacement; however, refinement has
been harder toimplement. The Oncology Best-practices: Signs, Endpoints
and Refinements for in Vivo Experiments (OBSERVE) guidelines are the result
of aEuropeaninitiative supported by EurOPDX and INFRAFRONTIER, and
aimto facilitate the refinement of studies using in vivo cancer models by
offering robust and practical recommendations on approaches to research
scientists and animal care staff. We listed cancer-specific clinical signs as a
reference point and from there developed sets of guidelines for a wide variety
ofrodent models, including genetically engineered models and patient
derived xenografts. In this Consensus Statement, we systematically and
comprehensively address refinement and monitoring approaches during

the design and execution of murine cancer studies. We elaborate on the
appropriate preparation of tumor-initiating biologicals and the refinement
of tumor-implantation methods. We describe the clinical signs to monitor
associated with tumor growth, the appropriate follow-up of animals tailored
to varying clinical signs and humane endpoints, and an overview of severity
assessmentin relation to clinical signs, implantation method and tumor
characteristics. The guidelines provide oncology researchers clear and robust
guidance for the refinement of in vivo cancer models.

The term cancer comprises a heterogeneous group of complex patholo-
gies that clinically present with different tumor (sub)types, stages
and metastatic niches. Many cancers display diverse mechanisms of
resistance, either intrinsically developed or acquired under therapeutic
pressure. Fostered by emerging technologies, a substantial expansion
ofavailable treatment modalities contributed to a paradigm shift from
one-size-fits-all toward precision oncology' . Taken together, this
highlights the need for a diverse and well-characterized toolbox of
preclinicalmodelsinthe cancer research area. To reliably recapitulate
acancer patient, accurately study tumor biology and test the efficacy

and safety of anticancer agents, a variety of in vitro and in vivo model
systems have been generated.

Despite the availability of many nonanimal methods and ongo-
ing efforts to further develop animal-free alternatives, the need for
complex and heterogeneous animal models recapitulating various
aspects of the disease of interest persists. This is clearly observed in
the steady number of laboratory animals used across basic, trans-
lational and applied research worldwide and in the European Union
(EU)°. Approximately 1 million mice were utilized in the EU in oncol-
ogy research in 2019, representing one of the top four disciplines for
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animals used across basic and translational research applications (EU
2019 report’). Indeed, preclinical models are integral to the develop-
ment of new treatment options>°%, investigating systemic metasta-
sis’, exploring side effects or resistance upon demanding treatment
regimens'®" and studying the interplay between the tumor and its
micro-environment'>",

Reproducibility and replicability of experiments and results are
often challenging in biomedical research*". As recently demon-
strated by alarge reproducibility study in preclinical cancer biology,
only 46% of published results could be successfully reproduced.
Indeed, several ‘natural’ inescapable hurdles contribute to the lim-
ited reproducibility of preclinical findings including innate bio-
logical heterogeneity as well as the use of nonstandardized methods
or materials. Moreover, poor study design, insufficient statistical
power and lack of adherence to reporting standards contribute to
bias and poor reproducibility. To maximize the likelihood of suc-
cessful clinical translation, preclinical biomedical studies require
stringent design. This should include appropriate research planning
and proper study design, standardization of methods, protocols and
disease models, and thorough and transparent reporting. Previous
efforts toincrease reproducibility have been made via the Planning
Research and Experimental Procedures on Animals: Recommenda-
tions for Excellence (PREPARE) and Animal Research: Reporting of
In Vivo Experiments (ARRIVE) guidelines. The PREPARE guidelines
provide guidance on how to plan animal experiments that are repro-
ducible and scientifically robust. In addition, PREPARE addresses
animal welfareissues and provides resources for additional guidance
onmorespecific topics”. The ARRIVE guidelines aim toimprove the
reporting of animal research by providing a checklist of information
toinclude in publications describing in vivo experiments®®*. Thus,
whereas the PREPARE guidelines' provide guidance on how to plan
animal experiments, the ARRIVE guidelines mainly focus on the
proper reporting of animal experiments***., Despite the many topics
covered in both comprehensive checklists, clear and standardized
guidelines on the monitoring of animals during the experiment are
rather scarce.

As highlighted in the EU Parliament in 2022, there is a tendency
of the EU and its Member States to focus on reduction and replace-
ment, whereas the third R, refinement, is under considered and lagging
behind*. The 3Rs concept as originally described by Russell and Burch
defined refinement as ‘any decrease in the incidence or severity of
inhumane procedures applied to those animals which still have to be
used”.Inaddition, the 3Rs state that the ‘object of refinement is simply
toreduce to an absolute minimum the amount of distress imposed on
those animals that are still used’. In many cases, an additional defini-
tion is attributed to refinement as the reduction or elimination of
distress and pain. In general, the ethical aim of humane use and care
ofanimalsinresearchisto spare them fromall substantial unpleasant
experiences not necessary for the purpose of research and to enhance
animal well-being?.

With the inherent use of a large number of animals and a variety
of animal models in oncology, there are numerous opportunities for
refinement. Nevertheless, itis remarkable that practical guidelines on
this topic are rather sparse. Publications remain either very general,
providing only specific guidelines for the subcutaneous (SC) mod-
els*% or are highly specific for one particular model***. Therefore,
in line with IMPROVE**— a guideline for in vivo ischemic models—the
Oncology Best-practices: Signs, Endpoints and Refinements for in Vivo
Experiments (OBSERVE) guidelines aim to bridge this gap, offering
a comprehensive set of practical and specific recommendations on
refinement in murine cancer models for scientists, veterinarians and
animal care staff.

Inadditionto mice and rats, several other mammalianmodels are
used in cancer research such as pigs, dogs and nonhuman primates,
in addition to some nonmammalian models including drosophila

and zebrafish>”~*', The spontaneous canine, feline and nonhuman
primate tumor models*~* provide a unique platform for evaluat-
ing novel therapeutic regimens in the context of an intact immune
system. Other, nonspontaneous models, however, require genetic
modification®*°, Similar to murine models, genetic manipulation and
transgenesis (e.g., clustered regularly interspaced short palindromic
repeats (CRISPR)) is applied to generate severe combined immune-
deficientanimals for xenotransplantation studies®® or models that are
capable of developing tumorsin various organs® >*. Although some of
the clinical signs in patients associated with a specific tumor type may
be similar in other mammals, refinement during implantation, induc-
tion and importantly during tumor development may differ notably
between species. Therefore, these guidelines focus on murine mod-
els and do not include other species, as broadening to other species
would be beyond the expertise of the authors and European consortia
involved in drafting the OBSERVE guidelines.

Commonly used murine model systems include patient-derived
xenografts (PDX), cell line- or organoid-based xenografts, humanized
mice and autochthonous models such as spontaneous, chemically
induced or genetically engineered models (GEM) (Fig. 1). Whereas
syngeneic cells can be transplanted into fully immunocompetent
mice, xenogeneic human cells and allogeneic mouse cells must be
transplanted into immunocompromised mice to avoid rejection by
the host. Indeed, immune-deficient animals are more vulnerable to a
variety of pathogens and opportunists and are thus best housed and
manipulated in a specific pathogen-free environment. Immune com-
petence therefore directly impacts and has practical consequences on
design, preparation and execution of animal experiments.

Irrespective of the immune status and the route of tumor induc-
tion, whether spontaneous or via orthotopic transplantation, the
main signs of disease and adverse effects due to tumor development
are likely to manifest in a similar manner. For example, ascites can be
expected todevelopinovarian cancer models, whether human tumor
fragments are implanted orthotopically”, murine cells are injected
intraperitoneally or tumor development occurs spontaneously in
GEMSs**.In contrast, SCimplanted tumors will generate a different but
very specificset of clinical signs driven by replication rate, invasiveness,
tendency to ulcerate and site of inoculation. Although in general the
setof clinical signs will be similarin SC models regardless of the tumor
type, aggressiveness directly linked to tumor (sub)type will also have
animpact. Likewise, therapeutics such as cisplatin will exhibit similar
side effects in treatment studies of different tumor types.

In a stepwise approach, the OBSERVE guidelines aim to address
multiple aspects of an in vivo cancer study. First, we address appro-
priate preparation and refinement of specificimplantation methods.
Then, we describe the clinical signs which may be associated with
a specific tumor type and how these signs can be assessed. Finally,
we focus on refinement during tumor growth using a two-pronged
approach: how to monitor tumor growth (Box 1) on the one hand
and how to follow-up on the animal on the other hand (for example
when dealing with loss of appetite and consequent body weight (BW)
loss; Fig. 2). The latter is done by providing a comprehensive and
specific set of monitoring sheets for different clinical signs includ-
ing the description of specific humane endpoints (HEPs). HEPs are
specific timepoints at which measures to alleviate pain and distress
are taken, and ultimately offer criteria for humanely killing of the
animals. HEPs must be tailored to the objective of the study and aim
to reduce overall severity. Therefore, to facilitate definition and use
of HEPs, we have developed generic and specific monitoring sheets
that stratify HEPs into ‘actions to be taken’ and ‘criteria for humane
killing”. A clear overview of severity assessment in relation to clinical
signs, implantation method and tumor specificities is provided. Of
note, HEPs and prospective severity assessment of an experimental
protocol must be defined upfront, and thus guide decision-making
policy of an animal study.
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Fig.1|Schematic overview of types of rodent tumor model. a, A carcinogenic
model: cancer model established inimmunocompetent animals by applying a
physical and/or chemical carcinogen(s) inducing genetic alterations causing
tumor growth. b, A genetically engineered model: cancer model based on the
genetic alteration of oncogenes or tumor suppressor genes or administration
of exogenous activating agents for organ-specific tumor development.

¢, Asyngeneic model and allogeneic model: engraftment of mouse or rat tumor
cells or organoids in, respectively, a genetically identical, immune competent
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strain or agenetically different,immune deficient strain of the same species.
Celllines can be generated from a chemically induced or genetically engineered
model. d, A xenograft model: xenograft inimmune deficient animals of acell line,
atissue piece or organoids generated froma cancer biopsy, usually from

human origin. e, A humanized model: xenograft model inimmunodeficient
mice previously engrafted with humanimmune cells. CLX, cell line xenograft;
PDX, patient-derived xenograft.

Method
The OBSERVE guidelines were developed by an expert group of labo-
ratory animal veterinarians, animal welfare officers and researchers
involvedin preclinical research with aninterestinmurine cancer stud-
ies. The generation of the OBSERVE guidelines was supported by a
steering committee, alarger expert panel and two consortiain animal
research, EurOPDX (www.europdx.eu) and INFRAFRONTIER (www.inf-
rafrontier.eu). EurOPDX, the European consortiumon PDX models, is
actively developing standard operating procedures for quality control
andinvivo drugefficacy studies, thereby fostering reproducibility and
replicability in preclinical research. INFRAFRONTIER, the European
Research Infrastructure for the generation, phenotyping, archiving
and distribution of model mammalian genomes, largely addresses
the issue of reproducibility and replicability by developing internal
quality principles® forits different service areas. As such, they provide
aquality framework for its operational activities.
The steering committee established four key objectives for the
guidelines:
1. Comprehensibleforadiverseaudience, including animal caretak-
ers and researchers with minimal experience in animal studies.
2. Practical and precise with specific guidelines per tumor type or
site of growth, including suggested endpoints, using tables and
monitoring sheets
3. Focus on refinement and reproducibility, avoiding housing and
husbandry, description of specific cancer models, cell types, etc.
4. Applicable to a wide-range of tumor models
The steering committee’s initial draft was based on the commit-
tee members’ experience and literature focused on refinement and
reproducibility. The guidelines were further refined with the addition

of experts in specific areas of needs. In parallel, draft guidelines were
reviewed by EurOPDX and INFRAFRONTIER.

The OBSERVE guidelines are designed to guide researchersin a
step-by-step approach. First, the researcher is encouraged to refine
the animal study by proper preparation and optimizing the method of
implantation. Then, we list which clinical signs and/or adverse effects
may be expected in a specific tumor model (Table 1). Next we explain
these clinical signs in more detail: their etiology, recognition and moni-
toring (Table 2). This is followed by selecting the most appropriate
method to follow-up tumor growth (Table 3) combined with compre-
hensive monitoring sheets (Tables 4-12) specifically for each model.
The latter include clear actions to be taken as well as the description
of discrete HEPs. Finally, a severity classification (Table 13) is given for
the different cancer models.

Refinement during implantation or induction of tumors

The following points should be considered when selecting anappropri-
ate animal model: for previously established models, consult existing
literature and experienced colleagues to better comprehend the model.
Factorstobe considered include tumor growth pattern, likelihood of
metastasis and development of paraneoplastic syndromes such as
cachexia. If a novel model is to be generated, pilot studies should be
conducted to analyze the model-specific features before using a larger
cohort of animals.

When transplanting tumors into animals, precautions should
be taken to ensure long-lasting engraftment, avoid host-versus-graft
reaction and prevent the development of infectious disease of the
host. These considerations include (a) careful selection of the correct
mouse strain (genetic background and immune status) and suitable
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BOX1

Tumor measurement with a caliper

The length of the tumor is intended as its longest axis; the width as
its shortest axis; and the depth is usually not used in the calculation
(because it is hard to measure accurately), instead it is preferred
to use the smallest measurement (i.e., width) twice. The following
formulas may be used to measure tumor volume:
1. Ellipsoid variants
4/3nr,r,?
where r; is the longest radius and r, is the shortest radius assuming
width and depth of the tumor are equal or,
A/3Tr,15r
where r, is the longest radius and r, and r, are the shortest radius
(width and depth) or,
(mab?)/6
where a is the longest axis and b is the shortest axis, assuming
width and depth of the tumor are equal or,
(mabc)/6
where a is the longest axis, and b and c are the short axes.

tumor characteristics, (b) PDX tumor transplants should be actively
dividing cells derived from a nonulcerated, nonhemorrhagic and
nonnecrotic tumor®®, (c) cell lines should be viable and proliferat-
ing and less than 80% confluent prior engraftment, (d) it must be
ensured that cells are not contaminated with mycoplasma or other
pathogens as this may compromise experimental results or cause
disease outbreaks among laboratory animals. Therefore, screening of
tumors for rodent and human pathogens (in case of PDX) is strongly
recommended®® .

Pellets on
the cage floor

Provide palatable food

 Nutritionally fortified gel
for compromised
laboratory rodents

» Mashed/moistened pellets

» Nut paste, peanut butter,
condensed milk

Provide parenteral
fluid subcutaneously
* 5% glucose

e Parenteral nutrition

—

Fig.2| A stepwise approach for providing extra water and nutrition to
rodents. When rodents are anorexic, providing easy to reach food and/or
appetent food might stimulate their appetite. When BW loss is expected,
providing appetent food early on allows to overcome the classical neophobic
response. In case of not eating or dehydration, parenteral fluids should be given.
Considering variation in food may influence your outcome, control animals
should receive the same feeding regimen.

2. Modified ellipsoid
(ab?)/2
where a is the longest axis and b is the shortest axis, assuming
width and depth of the tumor are equal.

Image a of the figure shows the axes and radiuses of a SC
tumor, which are used to measure tumor volume; the correct
placement of the caliper is shown in b; and an incorrect
placement of the caliper is shown in c. Correct placement of the
caliper is of extreme importance for the correct measurement of
tumor volume. As a rule of thumb: it should always be possible
to move the caliper over the tumor when measuring the length/
height. As such, the tumor is not ‘squeezed’ and its volume not
underestimated (notice the difference in volume measurement
between b and ¢). To avoid observer bias, a blind study design
should be set up especially in treatment studies.

Tumor implantation should be performed by appropriately
trained staff using aseptic techniques and peri-operative care must
include the appropriate administration of anesthetic and analgesic
regimens (Box 2). The size of incisions (when required) should be
minimized toreduce postprocedure pain and appropriate needle sizes
and injection volumes should be utilized®**>. Tumor transplantations
should be performed expeditiously following donor tissue collection.
Co-injection of a dye to ensure correct tumor localization may help
in training of injectable transplantation techniques®®®. The use of a
separate set of surgical instruments for the manipulation of tumor
tissue—distinct from instrumentation used to manipulate nontumor
tissue—is strongly recommended to prevent the spread of tumor cells
by surgical instruments.

Note that orthotopic growth better models the human condi-
tion as compared with SC implantation, as demonstrated in breast
cancer®®”°, In addition, orthotopic implantation seems to achieve
better engraftment rates compared with SC engraftment”.

General as well as specific recommendations for tumorimplanta-
tionare provided.

SC tumor transplantation. SC tumors should beimplanted on the dor-
sumor flank. These sites are less likely to result in site-related morbidity
orinterfere with normalbody functions (locomotion, breathing, etc.).
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Table 1] Clinical signs associated with organ-/system-specific tumor development

General signs Specific signs Refs.

Ano- Altered Pain: Pain: Icterus Respir- Ascites Anemia Glsigns Neuro- Loco- Urinary Cuta-

rexia appear- demon- assumed atory logical motor signs neous

andBW anceand strated signs signs  signs ulceration

loss® behavior
Gl tract
Oral cavity X X X 128-131
Esophagus X X X 132133
Gastric X X X X X X X 134-137
Pancreas X X X X X 34,130,

131,138,139

Colorectal X X X X X 33,140-142
Liver + X X X X X 143-146
gallbladder
Urogenital system
Kidney X X X X 147
(+adrenal)
Bladder X X X X 148-152
Prostate X X X X 153-156
Uterus X X X X X X 157
Ovary X X X X X 55,158,159
Cervix X X X X 160-162
Mammary (x) X X X X 131
Nervous system
Brain tumors X X X X 79,163,164
Other CNS X X X X 130,131,165
Peripheral nerve  x X X X X X X 166

Soft tissue and bone

Soft tissue Clinical signs of soft tissue tumors depend on the location, please refer to other organs to have an indication of adverse effects

Bone (+ multiple  x X X X 130,131,
myeloma bone 167,168
disease)

Respiratory tract

Upper X X X X X 169,170
respiratory tract:

nose, nasal

cavity, paranasal

sinuses

Lung X X X X 171-173

Hematopoetic and lymphoid

Lymphomaand  Signs of lymphoma/myeloma depend on the location, please refer to other organs to have an indication of adverse effects
myeloma

Leukemia X X X X X X X X 29,174
Endocrine
Pituitary X X X X 175,176
Thyroid X X X X 177
Skin

(x) (x) X 178
SC tumors

) () X 25,179
Miscellaneous
Eye X
GVHD in X X X X 180,181
humanized
mice®

*Note that some models may also cause an increase in BW due to ascites, tumor mass, for example. "Although strictly not a tumor type, humanized mice are often used in cancer research and
GVHD is accompanied by a series of typical signs.
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Table 2 | Clinical signs associated with cancer models: description, recognition and etiology

Clinical sign Description

How to assess?

Etiology

General signs

Anemia Reduced number of red  Evaluate the color of the mucous membranes (around  Blood loss in cancer is usually due to ulcerating tumors,
blood cells and/or low the eyes, mouth and tongue) and skin (interdigital necrosis or inflammation especially in Gl or urogenital tumors.
hemoglobin spaces), which should be pink. If they are pale, anemia A decreased production of red blood cells may be present

is probably present. in tumors involving the bone marrow (e.g., leukemia,
lymphoma or bone marrow metastasis), inflammation present
in chronic conditions (such as cancer) or myelosuppressive
(chemo/radio)therapy.
Anemia may also be seen in GVHD as excessive immune
activation leads to hemolysis of erythrocytes by foreign
antibodies.

Anorexia Loss of appetite Is usually seen as weight loss. Weight loss can be Anorexia, accompanied by BW loss and ultimately dehydration
determined by weighing the animals (see Box 4 for (see below), can be an adverse effect of many tumor types
more information on weight during tumor studies). but is also a known side-effect of commonly used (chemo)

In many cancer models, body condition score (BCS) therapeutics such as cisplatin.

is the preferred monitoring tool"**'. Weight loss can also result from the release of biologically
The absence or marked reduction of fecal pellets in active substances by the tumor or the host.

the cage may also be an indication of anorexia.

Food intake can be assessed in a metabolic cage

(requires single housing) or by weighing food.

In cancer studies this is often not done or even

necessary.

Ascites Fluid accumulation in Seen as abdominal distention that may quickly Cancer can metastasize to the peritoneum leading to
the abdomen increase; animal looks potbellied. The distension vascular and lymphatic permeability, and subsequently, the

can usually be depressed in contrast to abdominal accumulation of fluid causing malignant ascites. Tumors can

distension resulting from a mass or organ also metastasize to the liver or lymphatic system causing

enlargement. increased pressure, hampering the return of fluid from the
abdomen to the heart.

Cachexia A ‘wasting’ disorder that  Loss of muscle and fat results in skeletal structures Cachexia is a common complication in cancer. It is caused
results in extreme weight  being clearly visible, animals have a BCS™®'%° of 1. by catabolism factors produced by tumors and physiological
loss, loss of muscle and factors such as proteolysis and autophagy. Cachexia is
adipose tissue characterized by anorexia and metabolic disturbances

Dehydration Reductionintotalbody  Dehydration can be assessed by pinching and gently Caused by an imbalance between uptake and loss of fluids. In
water lifting (tenting) the skin over the shoulder blades (skin  cancer, this is usually due to anorexia (see above) but can also

turgor test). Normally, the skin will quickly returntoits  be a consequence of severe diarrhea (see below).
original shape. If the tent remains or is slow to resolve,

the animal is dehydrated.

In the case of severe dehydration, animals may be

weak, immobile and may have sunken eyes'®*.

Icterus Yellow discoloration Yellow pigmentation of the skin, tissues and body Icterus is caused by the accumulation of bilirubin that cannot
of the skin, mucus fluids; usually observable in the hairless parts of the be metabolized by the liver and secreted in the bile due to
membranes and eyes, body. Icterus is easier to see in hairless or albino mice.  cancer of the liver, chemotherapy or obstruction of the bile
also known as jaundice duct by a tumor.
or hyperbilirubinemia

Pain An unpleasant sensory As rodents are prey animals, they modulate the display Pain in cancer is caused by pressure of the tumor on nervous
and emotional of pain. It is beyond the scope of this paper to provide  tissue, bones or organs. Certain tumor types such as bone,
experience associated detail on pain assessment. Pain assessment tools pancreas, and head and neck are known to be painful in
with, or resembling include: the mouse and rat grimace scale'®'¥, nest rodents and are used to model cancer pain'*®*'. However,
that associated with, building'®, burrowing'®® and behavioral changes'®°™®?,  as pain is often reported in human patients in many different
actual or potential tissue  Pain in mice and rats is usually easier to detect when tumor types, we may assume it is present in many different
damage'® animals are observed undisturbed during the dark models, although often not studied or reported in rodent

(active) phase of the light cycle. cancer studies.
Pain may also be caused by the implantation (surgical or
through HDTVI) or the treatment e.g., chemotherapy-induced
neuropathy.

Cutaneous  The loss of epidermis The skin overlying the tumor is open, exposing the Cutaneous ulceration may be caused by alterations in blood

ulceration and at least the underlying tissue. Ulcers may be dry and develop a supply to the overlying skin causing necrosis. It may also be

superficial part of the
dermis overlying a
growing tumor due to
necrosis

scab or have a wet aspect due to fluid and/or blood
loss. Some ulcers have a sunken aspect and look
cratered. For pictures of cutaneous ulcerating tumors,
see monitoring sheet of cutaneous ulcers (Table 12)

caused by rapid growing tumors wherein the skin’s ability
to stretch is exceeded. Ulceration can also be caused by
mechanical or self-induced trauma or experimental therapy
leading to death of tumor cells, e.g., by irradiation.

Respiratory signs

Dyspnea

Labored breathing

Observed as difficult breathing (requiring more effort),
abnormal pattern (abdominal heaves or increased
chest expansion), open-mouth breathing or increased
movement of the nostrils.

As dyspnea in cancer models only becomes visible in
advanced stages of disease, a stress-test (see moni-
toring sheet for respiratory signs (Table 6) and Fig. 3))

can aid in determining respiratory problems earlier”%.

Gasping or open-mouth breathing is a sign of
advanced dyspnea.

Dyspnea and tachypnea can occur when tumors develop in or
near the lungs and airways, by fluid accumulation around the
heart, or in and around the lungs. Dyspnea can also be caused
by increased intra-abdominal pressure (by ascites or a large
tumor mass).
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Table 2 (continued) | Clinical signs associated with cancer models: description, recognition and etiology

Clinicalsign Description

How to assess?

Etiology

Respiratory signs (Continued)

Tachypnea  Increased breathing Normal respiratory rate for most rodents is 120-240
frequency respirations per minute. Although difficult to count,
with experience tachypnea can be detected.
Automated assessment of respiratory rate
and/or movement in automated cages is possible,
but requires solitary housing and specialized
equipment?'%,
Hypoxemia  Decreased oxygen Can be observed as cyanosis, i.e., blue discoloration of Hypoxemia is caused by anemia or dyspnea.
concentration in blood mucous membranes and skin.
Desaturation can be measured with a pulse oximeter.
Gl signs
Diarrhea Increased frequency Feces look less firm. Depending on the severity of Occurs mostly in tumors of the Gl tract. The specific sign
and/or decreased the diarrhea, feces may become pasty, semiliquid depends on the tumor location and model e.g., diarrhea
consistency of stool or watery. and bloody stool are common in colorectal cancer models,
(i.e., loose stool) constipation can be caused by luminal occlusion but can also
Bloody stool Passage of fresh blood Fresh (red) blood seen in/on the feces. b,e seen in dehydration (see above). Gl signs are also known
through the anus due side-effects from many chemotherapeutics or other cancer
to bleeding in the lower trzatrr}?ntsfsuoh gﬁ/r:g:guon therapy. Diarrhea is also a known
part of the intestines side-effect frrom .
Rectal Eversion of the rectal It presents as a small red mass at the anus.
prolapse mucosa from the anus

Infrequent or difficult
evacuation of feces

Constipation

In mice, this can be presented by an enlarged abdomen,
absence of defecation when handled and/or a
decreased amount of fecal pellets present in the cage.

Urinary signs

Hematuria Urine containing red Gross hematuria can be seen during urination upon May be seen in models of bladder cancer as a consequence of
blood cells manipulation and/or the presence of discolored (red- blood loss of the tumor.
tinged) contact of clear (pink) blood in the bedding or
urine when using metabolic cages.
Urinary Urinary retention: Mice frequently urinate during handling and In models requiring estrogen supplementation, urinary
retention condition in which urine  abdominal palpation. With urinary retention or retention and other urinary signs are well-known side-
and cannot completely obstruction, mice will not urinate and manual effects'®*'*® and care should be taken to prevent their

obstruction  be emptied from the

bladder
Urinary obstruction:
condition in which

urine flow is completely
blocked

expression of the bladder is difficult or impossible'*.

In severe cases, a bulge or swelling can be observed in
the caudal abdomen and an enlarged bladder can be
detected upon abdominal palpation.

Urinary retention or obstruction often leads to
hydronephrosis (i.e., swelling of the kidneys), which
can be palpated in the dorsal abdomen. In males, a
distended and/or an abnormally colored penis (dark
red to purple) probably indicates urinary obstruction.

occurrence (see Table 10, monitoring sheet for urinary signs).

Urinary obstruction is caused by a blockage or narrowing of
the bladder, ureters or urethra by a mass.

Polyuria: excessive

or abnormally large
production and/or
passage of urine.
Polydypsia: excessive
drinking caused by
increased thirst

Polyuria and
polydipsia

When mice/rats urinate more, the bedding will
become wetter. Polydypsia can be assessed by the
water bottle, which will empty more rapidly.

Polyuria and polydipsia are associated with various tumor
types (e.g., kidney, adrenal, pancreatic) by causing a hormonal
or electrolyte disbalance, which can alter body fluid retention
and excretion.

Neurological signs

Circling and
rolling

Neurological signs
indicating abnormal and
uncontrollable movement
of the animal around one

Circling: animal walks in circles always in one
direction (usually the same side as the lesion). May be
associated with a head tilt in the same direction.
Rolling: rapid movement in a tight circle, with the

of the body axes animal actually turning on itself.

Head tilt Abnormal position of the  The head is tilted towards the left or the right.
head turned to one side

Paresis/ Paresis: weakening of In advanced stages, these signs will be obvious on

paralysis amuscle or group of visual assessment. In earlier stages, the following
muscles due to nerve (easy to perform) tests may aid in determining early
damage or disease stages of paresis/paralysis and ataxia'®®"'®.
Paralysis: complete loss  Clasping test: when lifting a mouse or rat by its tail
of the function of abody it should spread its legs away from the abdomen.
part or parts Retracting (one of) its limbs towards the abdomen

. L is called clasping. Grip test: the mouse or rat should
Ataxia Loss of coordination

during movement

grip the bars of a cage lid when placed on the grid and
pulled slightly back by its tail. Kyphosis test: placing
the mouse on a flat surface and observing it while it
walks, it should be able to straighten its spine. Not
being able to do so is called ‘kyphosis’ (kyphosis is only
validated in mice; however, it can also be used in rats).

Neurological signs may occur due to invasion or compression
of the brain or other parts of the central or peripheral nervous
system by a tumor or tumor cells (e.g., leukemia). The specific
signs depend on the area that is affected.
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Table 2 (continued) | Clinical signs associated with cancer models: description, recognition and etiology

Clinical sign Description How to assess?

Etiology

Neurological signs (Continued)

Sudden and
uncontrolled electrical
disturbance in the
brain, which causes

the animal to suddenly
change its behavior and
movements

Epileptic
seizures

Often observed as uncontrolled spasms and being
disconnected from its environment. This is usually
seen during animal manipulation or cage change.

Locomotor signs

Inability to walk normal
caused by either a
structural or a functional
disorder of the
locomotor system

Lameness Observed as an abnormal gait.

Occurs most commonly as a result of local pain

caused by inflammation or from a growing tumor in an
area with limited capability to accommodate expansion,
e.g., in bone.

May also result when the tumor mass interferes

with movement of a limb or impedes lymphatic flow
resulting in swelling as a result of edema.

Otherimplantationsites, e.g., around the head, footpad and inside of
the thigh should be avoided unless there is particular scientific pur-
pose. In general, a single site should be used; however, no more than
two sites should be implanted. Implanting more than one tumor per
flank will increase the risk of side effects such as locomotor issues in
case tumors are implanted further apart from each other or fusion of
the different tumorsifimplantedtoo close to each other. Furthermore,
scientifically there is usually no added value of implanting more than
two tumors.

Mammary gland tumor transplantation. Tumors should preferen-
tially be implanted in the third or fourth mammary glands as these
sites are less likely to cause site-related morbidity or interfere with
normal body functions. The most cranial (first) and caudal mammary
glands (fifth in mice, sixthin rats) should be avoided, unless there is
aclear scientific need, as growth at this site can hamper movement
of the animal. Depending on the research question, a specific mam-
mary gland can be better suited than another®”. Implantation in the
mammary fat pad can be refined by using a technique wherein the
mammary fat pad is no longer cleared for endogenous mammary
tissue and tumor cell suspension is injected by slightly pulling out
and exposing the fat pad through an incision size <3 mm instead of
through a large V-shaped incision’. A variety of injection volumes
have been reported; however, the maximum volume of Matrigel or
Cultrextobeinjected in the mammary fat pad of mice without spill-
ageis20-30 pl (second to fourth mammary fat pad, respectively)”.
In case of tissue fragment transplantation, fragments should not
exceed 3 x3mm (ref. 74). Intraductal injection does not necessitate
cutting the teat. A stereoscope and fine needle (30-34G) should
be used to inject tumor cells directly into the teat canal. Dead skin
covering the teat canal opening should be removed to facilitate
insertion of the needle”. In mice, volumes of 10-20 pl can be injected
intraductally”. Inrats, 60 pl can be injected as the ductal tree is much
larger’®. Overall, no more than two mammary glands should be
implanted.

Intracerebral tumor implantation/injection. Injection or implan-
tation into the cranium requires the use of a stereotaxic frame.
Stereotactic surgery can berefined by using appropriate multimodal
analgesiaincludinglocal anesthesia prior skin incision (of note: local
anesthetics containing adrenalin will diminish intra-operative bleed-
ing). Ear bars not puncturing the tympanic membrane should be
used’”’®, The implantation site can have animportant effect on tumor
growth, survival and histologic characteristics and therefore must

be carefully considered”. Especially in rats where skull thickness can
vary as a function of age, the reference point for the calculation of
the depth canbe taken from the dura’. Needles specifically designed
for intracranial use allow the delivery of microvolumes while mini-
mizingtissue damage. Consider wiping the needle tip before needle
positioning for aggressive cell lines to ensure no tumor cells adhere
to the surrounding skull. Following needle insertion, allow 1-2 min
for brain tissue to acclimatize. Reduce the volume of injection to
the minimum with amaximum of 5 pl at maximum speed of 1 pl/min.
Following completion of injection, allow tumor cells to accumulate
in the bottom of the needle tract for 1-2 min, before slow needle
withdrawal. Washing the skull (with 0.9% NaCl) will avoid ectopic
tumor growth.

Intrapulmonary tumor implantation. To develop orthotopic lung
cancer models, tumor cells have been injected in the lung percu-
taneously®®®'. However, this surgical technique can lead to major
adverse effects including thoracic bleeding and pneumothorax®. In
contrast, the implantation of cells through the trachea prevents the
development of such undesired adverse effects. Administration of
cellsinthe trachea can be achieved through surgical tracheostomy®?,
However, nonsurgicalinstillation based on standard intubation meth-
ods for rodent ventilation®** is the most refined and thus preferred
technique. Nonsurgical instillation results in a single well-defined
tumor instead of multifocal lesions®***, making tumor measurement
easier and more accurate. Several aids are described to facilitate the
visualization of the vocal cords: a fiberoptic light®, an intubation
standard®, a surgical microscope® or an external light source® (the
choice whichcanbebased on personal preference). To avoid damage
of the laryngeal structures and obtain optimal refinement, cannulae
should be as atraumatic and small as possible. Therefore, it is prefer-
ableto utilize a plastic (e.g., intravenous catheter) rather than a metal
cannula. Moreover, it is important to have sufficient experience to
intubate and ensure minimal trauma quickly and proficiently. The
length of the cannulashould be adapted to the size of the mice to avoid
puncturing the lung. The maximum cell suspension recommended
forintratrachealinjectionis 30-50 pl for mice and neonatal rats, and
100 pl for adult rats.

Tumor implantation into the abdomen. Orthotopic implantation
of cancer cells and/or tissue into the abdominal organs (intestines,
pancreas, liver, urogenital organs) may require laparotomy. Standard
refinement for surgical procedures are described in Box 3. When
performing a laparotomy, ensure incision length is minimized.
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Table 4 | General animal monitoring sheet

Table 5 | Monitoring sheet for animals undergoing surgery

Parameter

Outcome

Actions to be taken

Parameter Outcome

Actions to be taken

Anorexia and BW loss®

Surgical wound

BW loss® <5% None Wound Wound margins  Treat with wound healing gel or
5-15% Increase general monitoring frequency to dghiscence ' dryandcrusted cream?®at least once daily and allow
° ’ 9 K gireq L Y without opening spontaneous healing®. If no clear
3 times [Pl Sete A? SEE ES EIMMELS il of body cavity improvement after 5 d: humane killing
to lose weight, providing extra nutrition Analgesia should be i h .
may avoid extra weight loss and premature :a CLEIEY ﬂou S T Sl
killing (Fig. 2) of pain or inflammation are present
B 5 .
16-20% Increase general monitoring frequency to )?IOUP:‘,d margins  Reclose the.wohund - If opening is
1time per day to avoid exceeding 20% BW loss = ?:;321(11ﬁ;g;ces‘:ﬁ)é;:igzz‘:g“;e
Increase skin turgor test frequency to If large):lanesthetize the animal ayna
daily (Table 2). If dehydrated, see Fig. 2. e
If dehydration persists despite treatment: . . .
humane killing Analgesia should be given when signs
of pain or inflammation are present
>20% Humane killin:
2 9 Wound — Humane killing
OR*® dehiscence with
P opening of body
BCS 3ord None cavity
2 Increase general monitoring frequency liesi e :
t Local Apply antibiot f th tocol
to 1time per day to avoid progress to BCS 1 ntection oca alplagv\)/ssn el 2ietislee
Increase skin turgor test frequency to - —
daily (Table 2). If dehydrated, see Fig. 2. Generalized Provide systemf antibiotics if the
If dehydration persists despite treatment: protocol allows
humane killing Humane killing when no improvement
1 ¥ il after 48 h of treatment or if treatment
pancianng is not allowed by the study protocol
Hydration® Pain
Skin Negative None Pain Present Provide analgesia
turgor test i ; ;
(Tagle 2) Positive If de'hydrated', see Fig. 2. If dehydratlo'n. Present despite  Add extra analgesia
persists despite treatment: humane killing analgesia

Appearance and behavior®

Present despite

Humane killing

Posture Hunched—on Increase general monitoring frequency multiqual
one occasion to 3 times per week analgesia
Hunched— Increase general monitoring frequency Assess daily for 3 days postoperative. Increase or prolong if necessary (see actions to be
on two to1time per day taken). °For example, enzyme alginogels”® or honey cream”®. ®In consultation with the
consecutive facility veterinarian.
occasions
Hunched— Humane killing
more than 7d Table 6 | Monitoring sheet for animals with tumors causing
Fur Ruffled Increase general monitoring frequency respiratory signs
to 3 times per week
Ruffled without other signs is usually not Parameter Outcome Actions to be taken
a direct criterium for killing Breathing
Activity Mildly Incregse general monitoring frequency oo Normal None
decreased; to 3 times per week
less interactive Tachypnea Increase general monitoring
Stationary until  Increase general monitoring frequency frequency to1time per day
stimulated; to 1time per day Pattern Normal None
isolated or —
hyperactive Dyspnea Humane killing
Unresponsive/  Humane killing Gasping Humane killing
lethargic Oxygen saturation
Pain°® :
Color of mucous _Pink None
Pain Eresent or Provide appropriate (multimodal) analgesia® membranes Cyanosis Humane killing
likely Increase general monitoring frequency to at
least daily or more often when analgesics are Stress test
provided more often Stress test® Negative None
i Ui Fig. 3
Presentdespite  Humanekilling (Fig-3) Positive: distress Increase general monitoring
analgesia in>3s frequency and stress test to 2 times

?Assess 1time per week; increase if necessary (see actions to be taken). °See Box 4 for the
relation between body and tumor weight. °Assess 2 times per week; increase if necessary
(see actions to be taken). “Analgesic treatment usually does not alter tumor growth

patterns?*°2%

and should be provided when animals experience pain. Only if there is direct

per day

Positive: distress
in<3s

Humane killing

Assess 3 times per week; increase if necessary (see actions to be taken). °The stress test has
so far only been validated in mice.

evidence of interference with the model an alternative plan to alleviate pain/distress must be
identified in consultation with veterinary staff.
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Table 7 | Monitoring sheet for animals with tumors causing

Table 9 | Monitoring sheet for animals with tumors causing

neurological signs Gl signs
Parameter Outcome Actions to be taken Parameter Outcome Actions to be taken
Neurological signs: visual assessment of animals in cage Stool consistency Normal None

Circling and Present but stillableto  Increase general monitoring
head tilt (note move around thecage  frequency to 1time per day.
that these and reach food and Adding easy to reach food may

may worsen or water
only become
apparent when
animals are

manipulated)

prevent weight loss

Circling and/or head tilt
preventing animals to
eat and/or drink

Humane killing

Paresis/paralysis Present but stillableto  Increase general monitoring

and ataxia move around thecage  frequency to 1time per day.
and reach food and Adding easy to reach food may
water prevent weight loss
Severe paresis/ Humane killing
paralysis/ataxia
preventing animals to
eat and/or drink

Seizures Present Humane killing

Neurological signs: neurological tests

Grip, clasping Positive test Increase general monitoring
and kyphosis frequency to 1time per day.
test (Table 2) Adding easy to reach food may

prevent weight loss

Severe paresis/ Humane killing
paralysis/ataxia
preventing animals to

eat and/or drink

Assess 3 times per week; increase if necessary (see actions to be taken).

Handle all abdominal organs, particularly the intestines, gently
using nontraumatizing instruments or cotton buds and avoid the
application of pressure to the organs. Inappropriate/rough handling
may induce ileus or other gastrointestinal (GI) problems. When
organs are exteriorized (placed outside the body cavity), maintain
moisture by applying warm sterile NaCl solution. Gently reinsert
the organsinto the abdomen following cell-suspension injection or
tumor-fragmentsimplantation before closing the abdominal wallin
two layers (peritoneum/muscle and skin) Avoid accidental spillage
of cells into the abdominal cavity by injection of the appropriate
volume and use a proper gauge needle, depending on the species
and organ. The use of a dissecting microscope may assist in visuali-
zation. A laparotomy is a painful procedure® so apply appropriate

Table 8 | Monitoring sheet for animals with tumors causing
locomotor signs

Parameter Outcome Actions to be taken
Abnormal Abnormal gait caused Increase general monitoring
gait: by tumor location (e.g., frequency to 1time per day.
lameness mammary or edema due Adding easy to reach food

to lymph blockage) may prevent weight loss

Intermittent use of
affected limb, protective
pose or tip-toed walk
caused by pain or
inflammation

Provide analgesia®

Persistent lameness
despite analgesia

Humane killing

No weight bearing (nouse  Humane killing

of affected limb)

Assess 3 times per week; increase if necessary (see actions to be taken). °In consultation with
the facility veterinarian.

Diarrhea or loose
stool

Increase general monitoring
frequency to 1time per day
Start checking hydration
(skin turgor test, Table 2).

If dehydrated, see Fig. 2. If
dehydration persists despite
treatment: humane killing

Bloody stool

Present

Increase general monitoring
frequency to 1time per day
Start checking for anemia daily
(Table 2). If anemia: humane
killing

Rectal prolapse

Present but
limited in size, not
bleeding, mucosa
is pink and wet,
animal can still
defecate?

Increase general monitoring
frequency to 3 times per week

Present and dry or

necrotic, bleeding,

getting bigger
or impossible to
defecate

Humane killing

Constipation

Present

Increase general monitoring
frequency to 1time per day
Provide macrogol through the
drinking water®

If constipation persists, humane
killing

Assess 2 times per week; increase if necessary (see actions to be taken). °Mitchell et al. have
demonstrated that treatment of rectal prolapse in mice is not necessary and that mice with
rectal prolapse do not show signs of pain or distress®*°. ®Dissolve macrogol (13.9 g/25 ml) in
the water bottle (replace once/week). Best results are obtained when macrogol is given as a
preventive measure (i.e., when compounds are known to cause constipation) (J. Verbeeck,

personal communication).

multimodal analgesia for minimum 48-72 h following surgery.
Other than laparotomy, implantation in abdominal organs can be
achieved through non- or minimally invasive and thus more refined

Table 10 | Monitoring sheet for animals with tumors causing

urinary signs
Parameter Outcome Actions to be taken
Hematuria Present Increase general monitoring frequency
without to 1time per day
anemia
Present Humane killing
with anemia
Urinary retention® Present Increase general monitoring frequency
to 1time per day. Check if manual
expression of the bladder is possible.
If no: humane killing. If yes: express the
bladder at least two times a day. If no
amelioration after 48 h: humane killing
Polyuria Present Increase general monitoring frequency

to 1time per day. Start checking
hydration (skin turgor test, Table 2).

If dehydrated, see Fig. 2. If dehydration
persists despite treatment: humane
killing. Make sure bedding and water
bottles are replaced more frequently
(at least 2 times per week)

Assess 2 times per week; increase if necessary (see actions to be taken). °Urinary retention,

a known side-effect from estrogen supplementation
through drinking water instead of via pellets

241

19419 can be avoided by adding estrogen

Nature Protocols | Volume 19 | September 2024 | 2571-2596

2584


http://www.nature.com/NatProtocol

Consensus statement

https://doi.org/10.1038/s41596-024-00998-w

Table 11| Monitoring sheet for animals with tumors causing

ascites
Parameter Outcome Actions to be taken
BW BW loss of >10% in 2 Humane killing

dor >15% in 1 week
during development of
ascites

Abdominal distention  Present Increase general
monitoring frequency
to 1time per day and start
weighing animals daily
Abdominal Perform ascitic tap.

distention causing
discomfort, dyspnea
or interference with
normal activity®

A maximum of three taps
is allowed. From now

on, animals should be
monitored and weighed
at least daily

Abdominal distension
causing discomfort/
interference with
normal activity after
the final tap

Humane killing

Abdominal distention
causing discomfort
or interference with
normal activity that
cannot be relieved by
ascitic tap

Humane killing

Ascitic tap

Signs of shock
(tachypnea, hunched,
pale ears/muzzle/tail,

Give 100 ml/kg warmed
saline SC in multiple sites
and put the animalon a

inactivity) after tap heating pad, observe for
30 min
Signs of shock Humane killing

(tachypnea, hunched,
pale ears/muzzle/tail,
inactivity) lasting >30
min after tap

Purulent fluid Humane killing

Assess 3 times per week; increase if necessary (see actions to be taken). ?In a well-defined
model, discomfort usually develops at a specific body-weight (e.g., 32 g in the model used by
Baert et al.”®). A pilot study can aid in determining this value.

methods. For intestinal tumors, nonsurgical implantation in the
distal rectum®**° or implantation through endoscopy’® have been
described. Hite et al. compared the intrarectal (not requiring lapa-
rotomy) and intracecal injection performed via laparotomy. While
the intrarectal injection group had a mortality rate of 4%, the mor-
tality rate in the intracecal injection group was 17%. Both methods
had a100% tumor uptake. Also for implantationin the liver, spleen,
pancreas, adrenal and subcapsular region of the kidney, alternative
and more refined injection methods through ultrasound guidance
have been validated thereby avoiding the more invasive injec-
tion method through laparotomy® %, Tumor take rates were high
(upto100%)inallorgans and authorsstated the procedure to be short
and easy to perform. For inoculation in the bladder, both injection
through ultrasound guidance®® as well as transurethral injection®”®
donotrequire alaparotomy.

Intravenous tumor injection. Typically, the lateral tail veinis used for
intravascular delivery of agents in rodents. Similar principles apply
for intravenous injection of tumor cells as for intravenous injection
of other compounds. Briefly: use the smallest needle possible (may
depend on tumor cell size), preheat the tail of the animal to +37 °C
to promote peripheral vasodilatation and use the correct restrainer.

A useful alternative to tail vein injection is the technique of retro-
orbitalinjection of the venous sinus in the adult and neonatal mouse.
This easily mastered technique is a refined method for bone marrow
transplantation, leukemiainduction, administration of experimental
compounds and gene therapy, creating less distress with a lower fail-
ure rate’”'%°, Note that although bone marrow cells have traditionally
beeninjected intravenously, engraftment of bone marrow cells have
a higher success rate when injected directly in the bone marrow'*'?
(see below).

Table 12 | Monitoring sheet for animals with cutaneous
ulcerating tumor

Parameter Outcome Actions to be taken
Tumor No lesion No treatment
aspect (score 0) required
Redness
at the site
of the
tumor, skin
stillintact
(score 1)
Skin Start daily monitor-
open but ing. Treatment with
‘dry’ (top wound healing
image), no gelorcream®is
discharge recommended.
present. This could prevent
Ascab the ulceration to
(bottom further evolve
image) can
be present
(score 2)
Skin open Humane killing
and wet. if ulceration
Purulent does not dry up
or bloody within 72 h
discharge Treatment with
is present wound-healing gel
(score 3) or cream? is highly

recommended and
could prevent
necessity for
humane killing

In case of infection
(purulent discharge)
antibiotic cream can
be necessary
Provide analgesia®

Assess 2 times per week; increase if necessary (see actions to be taken). °Such as enzyme
alginogels®® or honey cream?*®, ®In consultation with the facility veterinarian. Images
provided by The Netherlands Cancer Institute.
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Table 13 | Severity assessment of cancer models based on clinical consequences, implantation method and tumor

characteristics (regardless of their origin)

Mild Moderate Severe
Clinical BW loss and BCS BW loss up to 10% BW loss of 10-15% loss <7 d BW loss of 15-20% loss <2 d
consequences BW loss of 10-15% BW loss of 15-20% loss >2 d BW loss of >20% loss
loss>7d Animals with BCS 2 Animals with BCS 1
All models of cancer cachexia
Neurological signs Animals with circling/  Animals culled as soon they develop: —
head tilt/ataxia not seizures, paresis/paralysis, ataxia/head tilt/
preventing them to circling preventing animals to eat/drink
eat/drink
Ascites, icterus, anemia — Animals culled as soon they develop Models requiring ascitic tap
ascites, icterus or anemia
Gl signs — Animals with: diarrhea without dehydration, —
rectal prolapse, bloody stool, constipation
Dehydration — — Animals remaining dehydrated
despite treatment
Respiratory signs — Animals with tachypnea Animals with dyspnea, cyanosis or
positive stress test
Locomotor signs — Animals with lameness —
Urinary signs — Animals with urinary retention, hematuria —
or polyuria
Pain — — Animals with pain despite analgesia
Models of cancer pain
Bone tumor models
Moribundity/mortality — — Moribund animals or animals
found dead
Tumor — Uncomplicated SC, Ulcerated SC, mammary or skin tumor —

characteristics

mammary or skin
tumor <2 cm?® in mice,
<4cm®inrats

Other uncomplicated tumors reaching
maximum size as defined in Table 3

(note that bone tumors are always severe)

Implantation
method

SC implantation

Implantation requiring major surgery
or repeated surgery (recurrent model)

or implantation through HDTVI

HDTVI. Hydrodynamic tail vein injection (HDTVI) is a technique
wherein a high volume (up to 10% of BW) of a (cell/vector/plasmid)
suspension is rapidly (usually within no more than 10 s) injected
intravenously to facilitate uptake of tumor cells in the liver. HDTVI
causes a massive expansion of the liver, an increase in pressure in
the vena cavaand massive drop in arterial pressure accompanied by
electrocardiogram abnormalities. High injection volumes can cause
respiratory arrest'**'°, Therefore, close monitoring post procedure
ismandated (atleast1h afterinjection) and analgesics are required.
The use of anesthesia for HDTVI is under debate as it may increase
mortality.

Intracardiac tumor injection. Intracardiac injection may be used to
study brain or bone metastasis. This technique, however, entails a
substantial risk of mortality. Campbell et al. describe how this injec-
tionshould be performed technically'®. Using ultrasound guidance to
correctly position the needle will increase success rate and decrease
mortality’'°°. Some (larger) tumor cells may cause thrombo-embolism
andinjectingalow-molecularheparinintravenously beforeintracardiac
injection will reduce this risk'””.

Intramuscular tumor implantation/injection. Implantation in the
muscle should be avoided whenever possible. Muscle distention is
painful and thereis arisk of affecting locomotion. Amaximum of 50 pl
should beinjected with the finest needle possible (e.g.,27G or smaller)
in the quadriceps or caudal thigh muscle'.

Intrabone marrow/intra-osseous tumor injection. Recent evidence
has demonstrated that intrafemoral injection in mice significantly
decreases the degree of impairment and distress postoperative com-
pared with intratibial injection'”’. Nevertheless, when performing an
intratibial injection, a30G (rather than 26G) needle is recommended
as arefinement. Moreover, the patellar tendon should be avoided'®.
The risk of impairment and lameness dictates that intrabone marrow
transplantation should be limited to one leg per animal. Inbone tumor
models, intra-osseous implantation (versus para-tibial) results in a
more clinically faithful disease model, despite a potentially reduced
tumor growth. Nevertheless, this method is frequently associated
with a dissemination of cells in the bloodstream, which can be partly
prevented by slowly retracting the needle after injection and reducing
the number of cells injected".

Para-tibial tumor implantation. To stimulate seeding of the tumor
cells, the periost should be activated with the tip of a needle (perios-
teum denudation). Use the finest (e.g., 30-31G) needle possible to
avoid soft tissue injury and inflammation as much as possible'’. Note
that the periost is very sensitive and sufficient analgesia should thus
be provided.

Carcinogenic tumor models. More than in implanted tumors, car-
cinogen-induced tumors may occur unpredictably in terms of timing,
locationand number of lesions. Variable responses to carcinogens may
not only depend on type and dosage of carcinogen but also on strain,
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BOX2

Appropriate anesthesia and aseptic surgery

Appropriate anesthesia, analgesia and perioperative care enhances
animal well-being and improves experimental quality. Anesthetic
and analgesic regimens have been described elsewhere?*?** and
are beyond the scope of this manuscript. However, the following
principles should be applied. Anesthetic depth and duration should
be appropriate to the scope and duration of the procedure. Painful
procedures must only be performed when achieving surgical plane
of anesthesia (i.e., pain reflexes absent). Preemptive and multimodal
anesthesia and analgesia should be employed. Preemptive refers to
the administration of analgesics before the painful insult to minimize
postprocedure pain. This is usually given at the time of anesthetic
induction. Multimodal anesthesia and analgesia refers to the use

of different pharmacological classes of anesthetics and analgesics
to minimize pain, e.g., by combining local anesthesia at the site of
incision and systemic administration of opioids and nonsteroidal
anti-inflammatory drugs. Importantly, frequently used anesthetics in
rodents (e.g., gas anesthesia) have generally no or minimal analgesic
properties and therefore require the use of additional analgesics.

age, sex or even individual animals™ ™, Therefore, it is important to
start with a robust literature study and a pilot toxicity study before
study commencement. Pilot studies should determine the lowest
effective carcinogen dose while limiting adverse effects (e.g., bone
marrow suppression or diarrhea in radiation-induced models"®) and
the optimal administration route. Moreover, pilot studies facilitate the
assessment of negative effects on animal welfare, carcinogen-related
healthissues and definition of appropriate endpoints.

Tumor resection models. Surgical resection of primary tumors
(grafted or GEM) can be performed in several settings including
models of spontaneous metastasis and models of advanced disease in
tumors whereinresectionis usually the first treatment (e.g., brain'”).
Specifically in the context of metastases, tumor resection assists
where HEPs limit the duration of the study either due to tumor size
(e.g., breast cancer"® or osteosarcoma'’) or clinical condition of the
animals in aggressive cancers (e.g., pancreas®). While it is beyond
the scope of this manuscript to provide details on all such models,
the following general steps are recommended. First, performa pilot
study to assess whether recurrence occurs, metastasis develops and
survivaliincreases following tumor resection'”. Second, if resectionis
necessary to answer the scientific question, assess the optimal time
for primary resection to limit welfare impairment as much as pos-
sible. It is usually not necessary to wait until the tumor approaches
maximum size. Of note tumor resection timepoints differ per organ.
Should tumor volume measurements be unavailable, resection upon
reaching exponential growth phase, as determined by biolumines-
cence, is a suitable approach to ensure recurrence'”. In contrast to
surgicalimplantation of tumors wherein animals are usually healthy,
in surgical resection models, animals are tumor bearing and thus
by definition not healthy. Peri-operative care should therefore be
adapted accordingly.

Humanized mouse models. In general, three different methods
are used to reconstitute human immune lineage in immune defi-
cient mice: (1) direct infusion of mature human immune cells,
most commonly used source are peripheral blood mononuclear
cells, (2) engraftment with human CD34" hematopoietic stem and

Animals undergoing surgery must receive effective perioperative
care. In the preoperative period this mainly consists of preemptive
analgesia and proper planning and preparation. During surgery,
appropriate measures should be taken to avoid infection and aseptic
techniques should be utilized. Animals should be kept warm in the
pre-, intra- and postoperative phase, and vital signs and reflexes
should be checked on a regular basis to confirm the appropriate level
of anesthesia. Monitoring equipment (e.g., electrocardiogram, pulse
oximeter) should be used for more complicated surgical procedures.
When not used, a regular visual assessment of vital signs including
color of skin and mucosae and breathing pattern and frequency
should be evaluated at regular intervals. Of note, heart rate can only
be assessed visually during open thorax surgery. Administering
SC fluids at body temperature will prevent dehydration, especially
occurring during prolonged procedures. Postoperatively, animals
should be recovered in a warm and quiet environment and evaluated
frequently until they are sufficiently awake after which they should
have easy access to food and water.

progenitor cells upon host preconditioning to deplete endogenous
immune cells and (3) co-engraftment of human fetal thymus tissue
and liver CD34+ hematopoietic stem and progenitor cells. Depend-
ing on the method of humanization, various adverse effects can be
expected of which graft-versus-host-disease (GVHD), tumor growth
inhibition, efficiency impairment of lymphocytes and anemia are the
most common ones'?, These adverse effects can mostly be prevented
by selecting the optimal engraftment strategy and immune defi-
cient mouse for answering the experimental question. For example,
a model with delayed GVHD should be used when study duration is
longer. Models with rapid onset of GVHD should not be used when
study durationislonger (than 4-5weeks). See also intravenous injec-
tionand intra-abdominal implantation for main points of refinement
in developing humanized mice.

Clinical consequences of different cancer models
Asdiscussed, adverse effects and clinical consequences for the animal
can differ substantially depending on the tumor model. Therefore,
animal monitoring procedures, refinement options and HEPs should be
adapted accordingly. Table 1 describes which clinical signs or adverse
effects may be expected in different tumors regardless of the model
(primary versus metastatic, orthotopicimplantation versus carcinogen,
for example). We decided to distinguish paininto ‘demonstrated’ when
studies have shown that these tumors are painful and ‘assumed’ when
studies specifically aimed at measuring pain are lacking but when these
tumor types are known to be painful in human patients. Anorexia/BW
lossand altered appearance/behavior are usually not expectedin certain
tumor types. However, depending on the aggressiveness of the tumor,
these characteristics may be observed (Box 4).

InTable 2, the clinical signs or adverse effects are further outlined.
We also elaborate on how these signs can be recognized in rodents
and why these may occur in a cancer setting. To assess certain clinical
signs, specific tests are recommended. While we chose to recommend
easy to perform and minimally invasive tests, such as the stress-test
for the assessment of labored breathing (Fig. 3), other more invasive
tests or tests requiring specific equipment could be used to assess
the animal. We therefore acknowledge that these recommendations
arenot exhaustive.
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BOX3

Stepwise approach on using the monitoring sheets and defining

HEPs for your model

1. Check Table 1to see which adverse effects are expected
in the model.

2. Check Table 2 to see how to assess these adverse effects.

3. Select the appropriate monitoring sheets based on the
expected adverse effects.

4. If surgery is involved, also include the postsurgical monitoring
sheet (Table 5).

Refinement during tumor development

Refinement of an ongoingin vivo study should be performedina two-
fold manner. First by adapting the monitoring of the animals to the
expected adverse effects (i.e., choice of which signs to monitor and the
frequency of the monitoring) and second by taking appropriate action
based on adverse effects. It isimportant to note that monitoring the
animalsimplies monitoring the tumor itself (mainly size and/or appear-
ance) and, in parallel, observing the clinical condition of the animal.

BOX4

5. Check Table 3 for follow-up of the tumor.

6. Combine the different monitoring sheets + size/appearance
of the tumor to obtain a final monitoring sheet with appropri-
ate HEPs.

An example of a tailored monitoring sheet can be found in the
Supplementary Information.

Monitoring of tumors. Depending on the location and type of model,
differentmethods canbe employed to determine tumor characteristics
(e.g.,size). Table 3 provides an overview of tumor assessment over time.
We will not discuss in detail the different techniques for tumor assess-
ment, rather we will focus on aspects affecting animal welfare or study
outcome and reproducibility. The criteria for animal killing are solely
based ontumor aspect and not on the clinical condition of the animal.
The latter are described in the other monitoring sheets (Tables 4-12).

Body and tumor weight in cancer studies

How to determine baseline BW?
BW loss (actual weight compared with baseline weight) is often
used to determine HEPs. In studies wherein tumors are implanted
in adult animals, baseline BW = BW at the start of the study. When
animals are implanted at a younger age, BW at study start might not
be the correct value to assess weight loss, especially in slow-growing
tumors.

Illustrative example: an 18 g mouse is implanted with a slow-
growing tumor. During tumor development the animal grows to
25 g. Assume the mouse starts to show adverse effects from then on,
including weight loss. Humane killing upon 20% weight loss based
on 25 g baseline weight should be done when the animal reaches
20 g. Considering 18 g as baseline BW would imply humane killing
at14.4 g or 42% BW loss.

Therefore, baseline BW in growing animals (especially in slow-
growing tumors) should be based on growth curves and/or discussed
with the animal welfare officer or facility veterinarian.

BW increase in tumor studies?

Although BW loss often occurs during mouse tumor studies, some
models may also cause an increase in BW (e.g., due to ascites or
splenomegaly) and can even aid in determining HEPs*.

Should we consider tumor weight when measuring BW?
Although tumor volume is often measured in studies and we know
that 1 cm?® of tumor weighs 1 g (ref. 126), tumor weight will only
remarkably influence weight (>10%, indicated in boldface) in very
small mice (<20 g) or in very large tumors (exceeding the criteria for
humane killing) in mice. Consider using larger mice in long-term
studies or when studying fast-growing tumors. This only applies to
mice and not rats since the tumor/BW ratio is very different in rats
compared with mice.

The table below shows the percentages of tumor weight as a
function of mouse weight.

Tumor Mouse weight (g)
Volume Weight 18 19 20 21 22 23 24 25 26 27 28 29 30
Percentage of tumor weight in function of BW
0.5cm?® 059 2.8 26 25 24 2.3 22 21 2.0 1.9 1.9 1.8 17 1.7
1cm?® 19 5.6 5.3 5.0 4.8 4.5 4.3 4.2 4.0 3.8 37 3.6 3.4 3.3
1.5cm® 159 8.3 7.9 75 71 6.8 6.5 6.3 6.0 5.8 5.6 54 5.2 5.0
2cm?® 29 mni 10.5 10.0 9.5 91 87 8.3 8.0 77 74 71 6.9 6.7
2.5¢cm?® 259 13.9 13.2 12.5 1.9 14 10.9 104 10.0 9.6 9.3 8.9 8.6 8.3
3cm® 39 16.7 15.8 15.0 14.3 13.6 13.0 125 12.0 ns 11 10.7 10.3 10.0
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Fig.3|Step-by-step description of astress test. a,b, A stress-test should be
performed by restraining the mouse as demonstrated in a and pressing the
xyphoid with the finger of the dominant hand as demonstrated in b. Gentle-to-

moderate pressure should be applied for 3s. The red circleinaindicates the
xyphoid where pressure should be applied. The arrows inb and cindicate the
important features when holding the mice.

Monitoring of animals with different tumor models. As discussed
above and listed in Table 2, different tumor types may manifest dif-
ferentadverse effects, mainly depending on their location. Although
some adverse effects are general and occur in most models (Table 4),
others may greatly differ between different models and are very
specific, for example, postoperative care (Table 5). Here, we provide
clear guidelines on how to monitor animals throughout the study
based on expected adverse effects. As scoresheets imply annotating
numerical scores to clinical parameters and often require the calcu-
lation of a final score to make an informed decision on the animal’s
fate; we chose to propose monitoring sheets without numerical
scores, which can more easily be combined with a complete moni-
toring sheet adapted for the varying adverse effects across a variety
of tumor models. Monitoring sheets include which parameters to
observe, the frequency of monitoring and actions to be taken. In
addition, refinement options and criteria for humane methods of
killing are described.

Monitoring animals for model-specific adverse effects. For casesin
which adverse effects occur predominantly in specific tumor models,
we present monitoring sheets that group signs by clinical category.
Animals may suffer respiratory difficulties (Table 6), neurological
changes (Table 7), locomotor issues (Table 8), Glissues (Table 9) and/or
urinary signs (Table 10).

Monitoring animals with tumors causing ascites. Ascites—a condi-
tioninwhich fluid accumulates in the abdomen—is arare adverse effect,
and animals should be culled as soon as possible once this condition
develops. When ascites is the main research objective, however, the
monitoring sheetin Table 11 may be used.

Correct drainage of ascitic fluid or ascitic taps. When ascitic fluid
needs draining, a series of points need to be followed:

» Themouse needstobe manually restrained, held inavertical posi-
tionwith the head pointing upward. Inexperienced personnel may
anesthetize the mice by using isoflurane

« Theabdominalsurface needs to be shaved and disinfected before
theinsertion of the needle

« Thessize of the sterile needle should be the smallest possible
(25-22G) to allow good flow. Needle insertion should be in the
lower left or right quadrant of the abdomen

« Theascites fluid needs to be allowed to drip from the needle hub
(aspirating fluid may cause circulatory decompression and shock).
Rotation of the needle and adjusting the depth of insertion will
allow for optimizing the rate of collection. When the ascites is
viscous, collection is more efficient if the needle is removed and
the fluid is allowed to drip from the puncture. Indicatively, one
dropevery3or4sisconsidered agood flow rate

« When collection is completed, the puncture site needs to be
disinfected again before the animalisreturned to its cage

« The animal should be observed for 30 min after tap for signs of
shock or discomfort

Monitoring animals with cutaneous ulcerating tumors. The ulcera-
tion of tumors is usually considered an endpoint (Table 3). However,
there are exceptional circumstances where ulcers are tolerated and
prematureKkillingis postponed, thereby avoiding the loss of potential
important data. Exceptions should be only considered if:
» Modelsare known to be prone to ulceration
- Late-stage cancer models that often present with ulcerating
tumors
« Ulcerated tumors that are healed following therapeutic
intervention
Noteworthy, erroneously intradermal instead of SC engraftment
couldleadto fast necrosis and ulcerative tumors. Appropriate training
and proper SC injection could limit ulcer development. In Table 12,
the different ulcerative lesions are described, including a score for
each type of lesion, the necessary interventions and the mandatory
monitoring frequency.

Monitoring animals with tumors causing cachexia. Cachexia is
a condition where a tumor (or other chronic illness) causes weak-
ness and wasting of the body. Animals should be killed before they
become cachectic unless in models wherein cancer cachexia is the
main research objective?*'*. In all other cancer models, HEPs should
beappliedto avoid cachexia. Animalsin cancer cachexia studies should
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be culled no later than having reached 25% BW loss, also taking into
account the measurement of tumor volume™*'”",

Monitoring animals with tumors causing icterus. Icterus (jaundice)
isasign ofadvanced disease, animals should be humanely killed when
diagnosed.

Monitoring animals with tumors causing anemia. When anemia is
detected on visual assessment of the animal, the animals should be
humanely killed as this is a sign of advanced disease.

Severity assessment
AccordingtotheEUdirective 2010/63/EU, allanimal procedures need to
be classified as mild, moderate or severe. However, severity assessment
of animal procedures and models remains a difficult task and unfortu-
nately few resources exist on how to consistently classify mouse cancer
models, in particular orthotopic and complex models with multiple
adverse effects are particularly difficult to consistently classify.
Therefore, in Table 13, we propose a severity classification for
avariety of cancer models based on clinical signs, tumor character-
istics and implantation method. Note that the severity assessment
should take into account all of the above and that the HEPs described
throughout the guidelines are crucial in this assessment. If endpoints
areexceeded, severity must be scored higher than what was proposed
prospectively. Importantly, assome models are always accompanied by
severe adverse effects, these models are classified as severe by default,
e.g., models requiring ascitic tap or cancer pain models.

Conclusions

The OBSERVE guidelines bridge the existing gap between appropri-
ate preparation and reporting of in vivo cancer studies in rodents. By
focusing on refinement during animal experiments, researchers and
animal care staff are provided with precise and practical guidance on
how toimplement the optimal preparation and implantation methods.
Also, expected adverse effects and clinical signs associated with organ-
specific tumor development are clearly described including etiology
and guidelines for assessment. In addition, hands-ontools and precise
monitoring criteria during tumor development are provided at two
levels: how to monitor tumor proliferation and how to follow-up the
animal. The latter is done by providing acomprehensive and specific set
of monitoring sheets for rodents with a variety of clinical signs, regard-
less of their origin, and incorporate HEPs that are based on expected
adverse effects per tumor type. At last, a robust guidance on severity
assessment is provided based on clinical consequences, implantation
method and characteristics of the tumor.

Since reliable animal-free alternatives are not yet widely avail-
able, in vivo experiments remain an important step in unravelling
complex biological questions. Nevertheless, animal experiments that
are still required must be performed in the most optimal and ethical
way. Therefore, the current refinement guidelines fill an important
gap by providing a practical resource for a large number of cancer
research laboratories. We strongly believe majorimprovements can
be generated in workflows of in vivo experimentation, thereby mini-
mizing the level of severity in the most common murine models and
reducing unnecessary distress and pain. The guidelines can largely
contribute to animal welfare and the refinement of animal studies in
cancer research.
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