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Abstract
There is an increasing need for more accurate prognostic and predictive markers in veterinary oncology because of an increasing
number of treatment options, the increased financial costs associated with treatment, and the emotional stress experienced by
owners in association with the disease and its treatment. Numerous studies have evaluated potential prognostic and predictive
markers for veterinary neoplastic diseases, but there are no established guidelines or standards for the conduct and reporting of
prognostic studies in veterinary medicine. This lack of standardization has made the evaluation and comparison of studies difficult.
Most important, translating these results to clinical applications is problematic. To address this issue, the American College of
Veterinary Pathologists’ Oncology Committee organized an initiative to establish guidelines for the conduct and reporting of
prognostic studies in veterinary oncology. The goal of this initiative is to increase the quality and standardization of veterinary
prognostic studies to facilitate independent evaluation, validation, comparison, and implementation of study results. This
article represents a consensus statement on the conduct and reporting of prognostic studies in veterinary oncology from
veterinary pathologists and oncologists from around the world. These guidelines should be considered a recommendation
based on the current state of knowledge in the field, and they will need to be continually reevaluated and revised as the field
of veterinary oncology continues to progress. As mentioned, these guidelines were developed through an initiative of the
American College of Veterinary Pathologists’ Oncology Committee, and they have been reviewed and endorsed by the
World Small Animal Veterinary Association.

Keywords
cancer, guidelines, prognostication, standardization, veterinary oncology

Diagnostic markers are clinical, molecular, or pathologic

characteristics of a patient or disease that are associated with

a specific disease but not necessarily associated with a specific

clinical outcome or response to treatment. In contrast, prognos-

tic markers are clinical, molecular, or pathologic characteristics

of a patient or disease that are associated with a clinical out-

come, whereas predictive markers are characteristics associ-

ated with a treatment outcome.29 Prognostic and predictive

markers are used to identify the likely progression of a patient’s

disease and to determine treatment modalities that are most

appropriate and efficacious for that patient. With an increasing

number of treatment options available to veterinary oncology

patients, the financial costs associated with these treatments,

the potential for side effects, and the emotional stress associ-

ated with the disease and treatment experienced by owners,

there is an increasing need for more accurate prognostic and

predictive markers in veterinary oncology.

With an enormous amount of data being generated in the

biomedical research community, there is marked variation in

study design, assay performance, and result reporting. To

address these variations and to allow meta-analyses, many

interest groups have established minimum information require-

ments for publishing data based on specific assays (mRNA

expression profiling,5 quantitative polymerase chain reaction

(PCR),6 immunohistochemistry and in situ hybridization12) or

technical disciplines (proteomics50 and genomics15,49). The

human medical community has developed similar standards

for prognostic biomarker reporting29 and for the conduct

of clinical trials.2,31 Many of these minimum information

requirements and standards are living documents and will

likely be continually amended to address new concerns and

technologies.5,12,31,50 However, they suggest a baseline that

should allow for increased transparency, more accurate and

repeatable research results, independent evaluation and valida-

tion of studies, and interstudy comparison.5,6,12,49

Since January 2000, Veterinary Pathology published

approximately 28 studies evaluating prognostic markers

for neoplastic diseases in animals. The Journal of Veterinary

Internal Medicine and Veterinary and Comparative Oncology

published approximately 56 studies evaluating prognostic

or predictive markers. These studies varied in their design,

sample size, and results. The majority of studies in Veterinary

Pathology focused on immunohistochemical markers associ-

ated with prognosis, whereas many studies published in the

other 2 journals identified clinical markers associated with

response and survival following administration of a tested

chemotherapeutic or radiotherapy regimen. As veterinary

medicine—specifically, veterinary oncology—continues to

advance, there will be an increasing need to identify novel

prognostic markers associated with metastasis, recurrence,

disease-free interval, and overall survival. In addition, as new

rationally targeted treatments, immunotherapeutics, and che-

motherapeuts and radiotherapeutic protocols are developed and

applied to veterinary patients, there will be a need to find pre-

dictive markers that will identify patients’ likelihood of

responding to a given therapeutic protocol.

To address these needs, the veterinary oncology research

community needs to develop and perform rigorous controlled

experiments to identify and characterize prognostic and predic-

tive markers. Reporting of studies will need to be thoughtful

and thorough so that the significance of the results can be inde-

pendently evaluated, verified, reproduced, and objectively

compared to those of other published studies. To accomplish

these goals, the veterinary community should establish stan-

dards for study design and reporting. These standards should

serve as benchmarks but not necessarily as inflexible

8 Veterinary Pathology 48(1)
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requirements, because there are many ways to design and con-

duct an experiment29 and every study cannot meet all require-

ments. This article outlines the components of a prognostic

study and highlights the points that should be evaluated to

determine the quality and significance of a given study. The

goal is not to suggest requirements for publication. Instead, the

goal is to encourage thorough reporting and move toward stan-

dards for study design. These standards should facilitate critical

review of current and future literature and extrapolation of con-

clusions to applied clinical settings.

Prognostic Study Objectives

An essential step in designing any study is to clearly define its

aim. Investigators should clearly state the question being

addressed and the study objectives. Study design and research

methods stem from the research question; therefore, the study

objectives should be preplanned and characterized in the

introduction.

The goal of prognostic studies is to identify markers that

are predictive of disease outcome, often by defining risk

groups based on prognosis. Prognostic studies may focus on

one or more markers to define risk groups, or they may gen-

erate a model that predicts outcomes, considering a range of

markers in tandem. Screening numerous prognostic markers

results in an increased probability of spurious associations.

Hypotheses should be predefined to reduce the potential for

such misleading observations. The prognostic markers being

evaluated, the study’s clinical endpoints, and intergroup com-

parisons should be included in a study’s hypothesis. In addi-

tion, prognostic marker selection should be justified on the

basis of biological plausibility, findings of previous studies,

relevance to understanding disease pathogenesis or treatment,

and/or clinical experience.41

Prognostic Study Design

Selection of the study population can be prospective or

retrospective. A prospective approach is always preferred and

is imperative when a marker cannot be measured in a stored

sample. Ideally, studies evaluating prognostic markers should

be prospective cohort studies. In these studies, patients with a

defined neoplasm of interest are identified and followed until

an outcome of interest is reached (eg, recurrence, metastasis,

death).20 Cohorts are defined within the study population by

their exposure status, defined by the patient’s status of the prog-

nostic marker of interest13 (eg, present versus absent, degree or

amount present). Differences in outcomes (eg, disease-free sur-

vival and overall survival times) are statistically compared

between cohorts, usually by measuring relative risks, odds

ratios, or survival curves.

Retrospective studies are necessary when diseases or out-

comes are rare and when there is a long period from the onset

of disease until its outcome. In retrospective cohort studies, his-

torical cases of defined neoplasms are collected and placed into

cohorts based on their prognostic marker status; then, the

differences in patient outcomes are statistically compared

between cohorts. Disadvantages of retrospective studies

include incomplete or inaccurate patient data, decreased stan-

dardization in treatment and data/specimen collection, and

study populations biased toward patients with available tumor

specimens. Therefore, results of retrospective studies are sub-

ject to a variety of unknown biases.

Regardless of study type, a comparison or reference group

consisting of patients with the defined neoplasm but with a dif-

ferent prognostic marker status (present versus absent, different

levels) needs to be included for biological and statistical com-

parisons. Case series describe the incidence of an outcome of

interest in a collection of patients, without simultaneously eval-

uating the same outcome in a reference population. Few con-

clusions can be drawn from studies lacking a reference group.

Animals in all cohorts must be obtained from the same iden-

tifiable population and with the same neoplastic disease and

treatment. Oftentimes, the animals within each cohort are not

chosen randomly. Risk factors associated with prognosis, other

than the prognostic marker being studied, may not be evenly

distributed among each group. Therefore, controlling cohorts

for equal representation of a known variable between groups

to adjust for bias (ie, matching) might be necessary. In such a

case, matching methods should be detailed.13

Sample Size

Inadequate sample size reduces the capability to identify poten-

tially important associations. Some rationale or justification for

a prognostic study’s sample size ensures that its methods are

appropriate for the study objectives. In survival analyses, the

number of events (eg, recurrences, metastases, neoplasia-

associated deaths), rather than the number of recruited patients,

is used to define the required sample size. Therefore, require-

ments for sample size estimation include the length of the

follow-up period, the presumed prognosis of the population,

the suspected magnitude of contribution of each factor being

evaluated, and the correlations with other factors.

The follow-up length is based on the time needed to collect

an adequate number of events, and it can be estimated only

when the likely outcome of the population is known. If a

neoplasm of interest is consistently associated with short

disease-free or survival intervals, a short follow-up time will

be sufficient. However, if the tumor exhibits variable or

prolonged disease-free or survival intervals, the follow-up time

will likely need to be extended. If a tumor is associated with

only rare events, then a larger sample size will be needed to

ensure that enough events occur within the sample population.

In addition, because the sample size needed will vary,

depending on the study’s objectives and statistical methods,

no single formula can be suggested for determining sample

size. For example, if a study is to consider multiple prognostic

markers or interactions between multiple markers, a larger

sample size will be needed to confidently detect differences

in outcomes. As a general rule for multivariable models, the

Webster et al 9
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number of events should be at least 10 times the number of

potential prognostic variables included in the model.23,45

Prognostic studies should also consider and optimally

describe the power needed to detect expected differences (ie,

the probability that a statistically significant difference will

be found if it exists). If a sample size is too small and its power

is limited, a lack of statistically significant differences will not

be meaningful. Many studies are limited by the number of

available samples, which is an inherent problem for rare dis-

eases. Multi-institutional databases may allow access to greater

sample numbers; however, results from these samples may be

biased by a variety of factors, including inconsistencies in treat-

ment, sample collection, and record keeping.

Study Population

Study populations should comprise patients who represent the

larger diseased-patient population and who are (preferably) all

at the same point in disease progression. Dissimilarity among

patients in terms of natural disease history may result in failure

to detect true differences in prognostic markers. Additionally,

if most animals in a study have end-stage disease at the time

of diagnosis, it could be difficult to detect differences in out-

comes among cohorts.

A lucid study provides inclusion and exclusion criteria to

define how the study population was selected. Exclusion cri-

teria often consider treatment or other factors that might reduce

or confound outcome events, as well as the types of biological

samples and medical data necessary to evaluate the prognostic

marker status and patient outcome, respectively. Inclusion cri-

teria often include a case definition for the study population and

the period during which patients were enrolled. A case defini-

tion should be clearly stated, specifying the characteristics of

the neoplasm of interest. All members of the study will share

these characteristics. Case definitions are primarily defined

by histologic criteria but can include a variety of other criteria,

including tumor location, tumor subtype (eg, histomorphologic

features, age, or expression of certain diagnostic markers), his-

tologic tumor grade, tumor margins, clinical stage of disease,

and treatment. Any study using histologic criteria as part of

a case definition should state the tumor sampling strategy

(ie, manner in which biopsy was collected) and the methods/

criteria used to categorize tumor subtypes or grades. For

example, if only dogs with a certain lymphoma classification

subtype are enrolled in a study, then the specific criteria used

to characterize the subtype of lymphoma should be clearly

presented. Ideally, histologic criteria should be repeatable with

minimal intraobserver and interobserver variability. If histologic

criteria are highly subjective, then authors should acknowledge

this as part of the study definition, with clearly stated measures

of agreement among pathologists and with methods to overcome

this subjectivity. For the purpose of data analysis, tumor subclas-

sification based on histologic features should be included in the

study only when there is reason to believe that subtypes have

unique biological behaviors. However, it is appropriate to

describe the histologic spectrum of the tumor and acknowledge

divergent morphologies as part of the case definition to document

that different histologic subtypes have the same biological

behavior. If a tumor has divergent histomorphologic features that

confound classification, methods should be provided to address

the criteria by which these tumors are classified (ie, by predomi-

nant features or features more likely to impact prognosis).

Additionally, grading schemes often have poor repeatability34,35

and should be used only as part of a case definition if their

biological significance has been validated. A study using

immunohistochemical detection of a diagnostic marker as part

of the case definition should include the methods employed for

reproducible conduct of the assay and a clear description of the

evaluation criteria (ie, location and level of immunolabeling

and percentage of immunolabeled cells that constitute a positive

result). Studies that include tumor margin assessment in the

case definition should describe the methods used for margin

evaluation.

If the results of a study are to be clinically applicable, then

the study population should represent the larger population to

which results will be extrapolated,26 and it should be described

in detail. Distributions of critical patient characteristics, such as

species and age, should be summarized in the results. Other

host factors that may affect prognosis, such as sex, breed, and

sample source (primary care or referral hospital), should be

included on the basis of previous literature results.

The study population should be as free from bias as possible.

The percentage of the study population that constitutes referrals

versus primary care patients may represent a serious bias. For

example, patients at referral hospitals may be more likely to

be in advanced stages of disease, to have already received undi-

sclosed treatments, to have a variant of disease that is more dif-

ficult to manage, to be confined to a geographic location, and/

or to have been seen by referring practitioners with varying

levels of expertise. Other sources of bias may be found in

retrospective studies, wherein specimen availability may be

associated with factors such as tumor size, patient outcome,

attending clinician, and preservation method.29

Bias cannot be entirely avoided, and potential confounders

should be accounted for within multivariable statistical analy-

ses. Furthermore, because the population available to a study

is not random, there will inevitably be biases. This limitation

must be addressed with a thorough description of the study

population.

Predictive Markers and Controlling for Treatment Effects

Ideally, studies evaluating predictive markers are cohort stud-

ies, which are similar to clinical trials in some regards. The

elected treatment is often but not always mechanistically

related to the function of the predictive marker of interest. In

any study that involves adjunct therapies, treatment protocols

should be described in detail in the Materials and Methods sec-

tion. In exploratory studies, the treatment protocol is usually

stringently fixed. In advanced studies, where more information

is known regarding efficacy, flexible protocols may be devised.

Treatments are allocated to subgroups within each study

10 Veterinary Pathology 48(1)
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cohort, and the association with the outcome of interest is

measured and compared between groups. To prevent bias,

investigators are blinded to the treatment being administered,

which may require administration of a placebo to control

groups. Comparisons can be made between new treatment

groups relative to placebo groups (negative control), conven-

tional treatment groups (positive control), or both. Most impor-

tant, the outcomes in association with the new treatment should

be compared with a predictive marker–negative cohort that is

receiving the same treatment. Comparisons regarding predic-

tive markers’ associations with survival among patients that

received different treatment protocols are inappropriate. In

these cases, the presence of 2 independent variables (the pre-

dictive marker and the treatment protocol) will confound sig-

nificant interpretation of the results. It is also inappropriate to

combine animals given different treatment protocols into single

cohorts to increase cohort sizes. Formal randomization is the

ideal method for allocating patients into a treatment group.

Clinical judgment or owner preference should not be used to

assign patients to groups, given that it introduces severe bias.

Assessment of Clinical Outcomes

To identify associations between prognostic markers and clin-

ical outcomes, it is paramount to have a clear definition of the

endpoint, or event, under consideration. Measured events often

include time to tumor progression or disease-free interval and

overall survival time as continuous variables, whereas disease

progression and mortality are dichotomous variables (occurred,

did not occur). Regardless of the event selected, endpoints must

be rigorously defined. Afterward, it is important to adhere to

these endpoints and the defined start of the observation period.

Histopathology—or, at minimum, cytology—is the gold stan-

dard for diagnosing local recurrence and metastatic lesions.

Lymph nodes represent common sites of metastatic disease for

many solid tumors. Additionally, lymph node metastases, as

determined by cytologic or histologic examination, are an

important prognostic indicator in many solid tumors. For exam-

ple, the presence or absence of lymph node metastases is

closely linked to the survival of dogs with lung cancer and

osteosarcoma.24,39 Ideally, lymph node status should be deter-

mined by histologic or, minimally, cytologic evaluation. How-

ever, this is not always possible, as in the case of internal node

involvement. In human medicine, sentinel lymph node exami-

nation is the ideal method to properly evaluate tributary lymph

nodes; unfortunately, this methodology has not been routinely

established in veterinary medicine.48

When cytologic or histologic evaluations are not feasible,

diagnostic imaging can be used to identify metastatic or recur-

rent disease. Currently, the size of a lymph node is the main

imaging finding suggestive of metastatic lymph node involve-

ment. Larger lymph nodes are more likely than smaller nodes

to have metastasis.44 Unfortunately, lymph node enlargement

is a nonspecific finding because many other conditions besides

metastasis, such as inflammation and hyperplasia, can cause

lymphadenomegaly. Furthermore, it is well recognized that

micrometastases may be present in small nodes. Therefore, the

accuracy of diagnostic imaging for detecting disease progres-

sion is questionable.58 However, this is a limitation for any type

of biomarker- or imaging-based analysis. Rather than try to

define de novo guidelines to assess clinical outcomes and dis-

ease progression based on pathology or imaging techniques, we

propose close adherence to the standards established by

RECIST, PERSIST, and Choi.7,14,54

Statistical Analysis

The use of statistical analysis is essential for validating prog-

nostic markers. By definition, all prognostic studies rely on

an estimate of survival, or time to the occurrence of a defined

endpoint. Numerous considerations are required to ensure that

analysis and reporting of survival data are undertaken appropri-

ately. A nonexhaustive list of criteria needed for accurate

reporting is detailed here. Ultimately, consultation with a statis-

tician is strongly recommended before the initiation of any

study.

Censoring

Censoring refers to the fact that a number of animals under eva-

luation will not have experienced the defined outcome event

during the study period. Although initial cursory exploration

of potential associations between putative prognostic markers

and outcome may be undertaken without its consideration, cen-

soring is essential for clinically useful and accurate analysis of

survival data. Censoring is necessary if an animal has not expe-

rienced the relevant event (such as death or relapse) by the end

of the study period, is lost to follow-up, or has experienced a

different event that makes further follow-up impossible, such

as death from an unrelated illness.9 Animals experiencing these

situations are referred to as right censored and must be

accounted for by using survival analysis methods. Left-

censored data refers to observations where the event of interest

occurs before the onset of observation. Interval censoring

refers to observations made in cases where the event occurs

at an unknown time between 2 observation periods. Most sur-

vival data reported may be appropriately analyzed with the

consideration of right-censored data only. Censoring should

be uninformative and unrelated to the event of interest to

enable appropriate statistical inference from the methods

applied. For example, it would be inappropriate to censor

euthanized animals because of a paraneoplastic syndrome,

given that euthanasia is related to the cancer of interest. All

events contributing to censoring should be defined, and the

number or percentage of animals censored should be indi-

cated—particularly, those lost to follow-up. In some cases, it

might not be possible to determine if death was due to malig-

nancy or a concurrent condition, especially if necropsy data are

not available. In these situations, it is especially important to

define the criteria used to censor data and the criteria used to

determine if death was due to the cancer of interest. Results

should be interpreted with caution when a large proportion of
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the study population has been lost to follow-up or when censor-

ing is not considered to be uninformative.

Descriptive Indices

Valuable information can be obtained from descriptions of

variable distributions, survival times, and calculations of sum-

mary statistics. Graphic representation of survival over time

may be displayed with univariable Kaplan–Meier survival

plots. This graphic display represents the proportion of patients

surviving over time and allows for calculations of median sur-

vival time for the overall population or for subgroups. Graphs

that include indications of censoring should be displayed, and

estimates of median survival should be reported with confi-

dence intervals and P values. Even if a magnitude of difference

in median survival exists between 2 groups, this may not be sta-

tistically significant, because of intragroup variations, as evi-

denced by overlapping confidence intervals. It is also

important to consider the potential influences of all variables

when interpreting these graphs. If continuous and categorical

variables are present in the multivariable model, separate plots

may be needed to examine the effect of the continuous variable

at multiple levels of the categorical variable. For example, if

age and sex are variables in the model, it might be necessary

to examine the effect of age separately in males and females.

Modeling Survival Data

Multivariate refers to a model where there is more than 1

outcome variable, whereas multivariable refers to a model

where there is more than 1 explanatory variable.38 Multivari-

able analysis allows the model to be adjusted for alternative

putative prognostic variables as well as patient-related covari-

ates. Because multiple variables can influence survival and

confound associations between the prognostic marker of inter-

est and survival, it is important to account for these variables by

using multivariable analysis. All variables that may be associ-

ated with prognosis, including prognostic or predictive markers

of interest, should be accounted for in multivariable statistical

analyses. Each variable and how it was measured should be

described in the Materials and Methods section. Studies should

not neglect consideration of clinical or gross pathologic fea-

tures, which can be easily measured and could clearly have

an association with prognosis, such as extent of tumor necrosis,

grossly evident invasion, metastasis, or tumor size. The

description of each variable should include whether the data

are continuous, dichotomous, or categorical. Putative alterna-

tive predictors and potential confounders should be relevant

to the overall study aim and identified at the outset of the study

to enable accurate sample size calculation. Inclusion of

continuous or categorical covariates should be data driven.

Consideration of relationships between the covariates and

the outcomes should be made before their inclusion as contin-

uous variables. Similarly, if a continuous variable is to be

categorized, then the use of more than 2 categories should be

considered to minimize information loss, and categorical

definitions should be based on data distribution and clinical

relevance.10 Categorization based on statistical significance

of varying cut points is inappropriate because of the introduc-

tion of bias.45

Survival data are usually modeled with the hazard function

rather than the survival function at a given time. The survival

function describes the probability of surviving from the start

of the study until at least time t, whereas the hazard function

describes the risk of the event in a small interval after time t,

assuming that the subject has survived until that time. The use

of regression models (eg, Cox’s proportional hazards model) or

accelerated time function models allows for the inclusion of

multiple prognostic variables.3,4 Model building should be

based on clinical as well as statistical considerations, and

whereas stepwise techniques are appropriate, fully automated

implementation should be avoided. Model assumptions (eg,

proportional hazards) should be carefully considered, and all

models should be assessed for goodness of fit.

Model Reporting

There are many considerations for appropriate reporting of

prognostic studies. Many of these issues have been outlined

in previously published recommendations, such as CONSORT

(Consolidated Standard for Reporting Trials),31 STROBE

(Strengthening the Reporting of Observational Studies in Epi-

demiology),52 and REMARK (Reporting Recommendations

for Tumour Marker Prognostic Studies).29 In short, methods

of statistical analysis should be thoroughly detailed, including

information relating to variable selection and categorization,

model-building strategies, assumptions and how they were ver-

ified, and the predetermined approaches to managing missing

data. Results of univariable and multivariable analyses should

be reported along with model-building criteria. It is critical to

report confidence intervals for each variable’s effect size in the

final model. This allows for an estimation of reliability and a

consideration of the effect of sample size, and it ultimately

helps to determine whether results are truly statistically signif-

icant. McShane et al29 also recommended reporting estimated

effects of prognostic variables under consideration from a

model that includes all standard prognostic variables, regard-

less of statistical significance.

It is important to remember that statistical significance does

not equal biological significance or clinical value. Similarly,

lack of statistical significance does not definitively indicate

that the marker has no prognostic value.45 Interpretation of

results should be undertaken with clinical and statistical con-

siderations in mind and with specific reference to the hypoth-

eses addressed within the study.

Methods of Prognostic Marker Evaluation

The Materials and Methods section of any article should

include enough information for the reader to independently

reproduce the experiments. Therefore, reporting should be

thorough and inclusive. In veterinary medicine, a variety of
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assays and techniques have been used in attempts to identify

prognostic markers for neoplastic diseases, including clinical

parameters,1,18,24 histologic features,27,42,46 immunohisto-

chemistry,33,56 quantitative PCR,16 evaluations for genomic

mutations,57 and specific serum protein levels or enzyme activ-

ity analyses.17,25 The variety of assays used to identify prog-

nostic markers will likely increase as new technologies are

developed. For some assays, such as quantitative PCR, proteo-

mic, and mRNA expression–profiling experiments, suggested

minimum information requirements for reporting have been

published,5,6,12,15,50 and the veterinary oncology and pathology

communities should strive to meet or exceed these require-

ments. Guidelines have recently been reported for the mini-

mum information specification for in situ hybridization and

immunohistochemistry experiments,12 as well as suggested

guidelines for the use of immunohistochemistry in veterinary

diagnostics.40 These resources should serve as baseline refer-

ences and benchmarks for the use and reporting of immunohis-

tochemistry, which is the most common technique used in

recent veterinary prognostic studies. There is significant over-

lap among the minimum information requirements of many

assays, whereas some requirements are unique to individual

assays.49 It is beyond the scope of this effort to review the indi-

vidual reporting requirements of each assay that might have

utility in prognostic biomarker discovery. However, some basic

principles for reporting most, if not all, assays should be

applied in prognostic studies.

The most important principle in the Materials and Methods

section is that data should be reported in sufficient detail to

allow the reader to validate the results and potentially apply the

methods to a clinical setting. This begins with descriptions of

the sample population; the population source and selection; the

tissue subsection selection; and the sample collection, han-

dling, preparation, and processing.53 Details about how the

marker was assessed should then be reported, including assay

design, methodology, validation, and control. Assay design and

methodology include all aspects of assay development—from

sample handling and preparation to final data analysis and

interpretation. Guidelines for many clinical, pathologic, and

molecular measurements that could have prognostic utility

have yet to be developed; however, detailed information

regarding these key items can be included for almost every type

of prognostic assay. These details allow editors, reviewers, and

readers to critically evaluate the experiment, determine its

application, and assess its validity. Additionally, sources of all

materials used in the assay should be reported.

Assay validation should include demonstrations of the

assay’s sensitivity, specificity, and reliability, such as its posi-

tive and negative predictive values. For immunohistochemistry

and other antibody-based assays, antibodies should be vali-

dated to confirm that they are detecting the protein of interest

in the species examined. This is especially important in veter-

inary medicine because few antibodies are made specifically

for companion animal species.40 To demonstrate the antibody’s

specificity, Western blotting should be performed to document

detection of a single protein at the predicted molecular weight

in the tissue of interest.40 Additionally, immunohistochemical

labeling should be shown to be restricted to the predicted tis-

sue, cell type, and subcellular location (eg, nucleus, cytoplasm,

cytoplasmic membrane) in positive-control tissues.40 It is pre-

ferable that the control tissues be normal, given that aberrant

protein expression can occur in neoplastic diseases. DNA- or

RNA-based assays should describe not only the primer and/

or probe sequence but also the genomic sequence from which

probes were derived and the predicted splice variants and sin-

gle nucleotide polymorphisms that they are expected to detect.6

In addition to demonstrating that the assay detects the predic-

tive target (specificity), authors need to describe the quantitative

ability of the assay (sensitivity). In many cases, such as quanti-

tative PCR and immunoblots, quantification is based on an

established relationship to reference transcripts or proteins. Not

all reference transcripts and proteins are stably expressed in all

systems; therefore, reference molecules should be validated and

demonstrated to be stably expressed between samples.6,19,55

Some assays and prognostic variables are intrinsically sub-

jective, such as histologic grades, assessments of percentage

and/or intensity of immunolabeling, mitotic counts, and prolif-

eration and apoptotic indices. Some subjectivity can be reduced

through the use of image analysis software and morpho-

metrics,11,47 but these technologies are not readily available

in many diagnostic settings. Therefore, it is important to

include precise details regarding how assessments were made.

These details should include criteria for histologic grades, areas

included in the analyses (eg, areas with highest immunohisto-

chemical labeling versus random fields, tumor margins versus

centers, avoidance of necrosis), how counts were performed,

assay cut points and how they were determined, and whether

or not evaluators were blinded to clinical outcomes. Validation

of such assays should include measurements of intraobserver

and interobserver variations. To address interobserver varia-

tion, a subset of samples should be independently evaluated

by at least 2 investigators, and the agreement of these evalua-

tions should be reported as a weighted kappa statistic for cate-

gorical data or estimate of limits of agreement for continuous

data.8 In addition, at least 1 investigator should reevaluate a

subset of samples to provide a measure of intraobserver

variation. These measures of intraobserver and interobserver

variation are critical to validate any prognostic marker for

translation to clinical use, which should be the goal of all

prognostic studies.

Aside from validating an assay as a whole, it is necessary to

validate each run of a given assay. This is usually done through

the inclusion of appropriate positive and negative controls in

each assay run and the description of these controls in the meth-

ods. The results should include description of any background

signal apparent in the negative controls.

Drawing Conclusions and Applying Results

As discussed above, a study’s sample population should be a

well-defined group that represents a larger population, and the

study’s results can be applied only to patient populations that
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1. Prognostic Study Objective
� Clearly defined, testable hypothesis

2. Characterization of the Study Population
� Case definition Tumor classification based on histology, location, and/or other criteria

Uniform therapeutic treatment of the study population
� Well-defined study population Signalment

Inclusion of criteria according to current literature
� Reference population Similar case definition but difference in prognostic factor status

3. Sample Size
� Justification of study’s sample size
� Power analysis Number of events (eg, recurrence, metastases, tumor-associated mortalities)

should be 10 times the number of potential prognostic variables
Length of follow-up
Number of prognostic factors to be analyzed
Expected magnitude of each factor’s contribution
Expected prognosis of the population

4. Outcome
� Defined endpoints being measured Continuous variables: Time to tumor progression (disease-free interval) and/or

survival time
Categorical variables: Recurrence and/or metastasis and/or tumor-associated

mortality
� Event definition Criteria to define an event consistent and clearly stated

Pathology considered the gold standard for the diagnosis of disease progression
Event identification based on diagnostic imaging:

—Criteria defined a priori
—Final diagnosis best confirmed with pathology (eg, necropsy)

5. Statistical Analysis
� Censoring Continuous survival data censored

Censoring criteria/parameters defined a priori
� Descriptive statistics Median survival times reported with confidence intervals

Kaplan–Meier survival curves used for graphic displays
� Models Based on the hazard function—the risk of an event in a small interval after time

Multivariable models preferred for multiple prognostic variables:
—Cox proportional hazard model or accelerated time function models
—Confounding variables defined and considered for inclusion
—Continuous versus categorical data: Based on the data type; categorization

should be avoided
—Results reported with confidence intervals

6. Methods of Prognostic Markers Evaluation
� Materials/methods (for reproduction) Study population, sample/reagent sources, collection, handling, processing

Assay validation:
—Probe sensitivity and specificity
—Inclusion of positive, negative, and species controls
—Overall assay sensitivity, specificity, and reliability

Subjective markers:
—Definition of observation criteria
—Interobserver variability with kappa statistics
—Intraobserver variability with kappa statistics
— Attempts to address variability

7. Drawing Conclusions and Applying Results
� Results Applied only to the represented population—specific tumor type, specific

treatment
� Conclusions Restricted to data supported in the results; conclusions of prognostic studies

based on survival endpoints
� Discussions Information regarding the strengths and limitations of a marker in a clinical setting

Figure 1. Components to be included for the conduct of a prognostic study, as recommended by the American College of Veterinary Pathologists and the
World Small Animal Veterinary Association.
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truly represent the sample population. For example, the Patnaik

histologic grading system for canine cutaneous mast cell

tumors (MCTs)37 can be applied only to canine cutaneous

MCTs. This histologic grading system is not applicable to

canine gastrointestinal MCTs or feline cutaneous MCTs,

because neither of these tumor subtypes were evaluated by

Patnaik et al and both are distinct diseases with unique biological

behaviors.32,36 Similarly, results can be applied only to popula-

tions that received a similar treatment as the study population.

For example, studies evaluating a defined prognostic marker

in dogs treated by surgery alone (ie, no additional chemotherapy

or radiation therapy) cannot be uniformly applied to dogs that

receive additional therapy. The reason is that in some cases,

prognostic markers that indicate a worse prognosis for untreated

animals, such as increased cellular proliferation, might indicate

a better response to a specific chemotherapeutic protocol, such

as a drug that targets rapidly dividing cells. Just as the study

population must be specifically defined, study conclusions and

future applications should be restricted to the specific conditions

represented by the study population.

Conclusions should also be applied only to the degree that

there are supporting data. There should be a direct flow of

information—from the hypothesis proposed in the introduction

to the data presented in the results and, finally, to the

conclusions—with each previous section providing support for

statements in the next. Conclusions should be based on data

presented in the Results section, and authors should avoid

overstating conclusions that can be drawn from the results. For

example, although mutated p53 is frequently associated with

increased protein stability and accumulation, immunohisto-

chemical detection of increased levels of p53 cannot be used

as conclusive evidence for the presence of p53 mutations, given

that p53 regulation is complex and multifaceted.21,22,43,59

Similarly, conclusions about protein expression or activity

cannot be stated on the basis of detection of mRNA expression

by real-time quantitative PCR, because mRNA concentrations,

protein concentrations, and their functionality do not always

correlate.28,51 Most important, the prognostic value of a marker

can be defined only when evaluations are made on the basis of

biological endpoints. Many studies evaluate markers in terms

of their associations to histologic grades or histologic patterns,

such as, respectively, the Patnaik canine MCT grading system

or canine mammary tumors with varying histologic features.

Although MCT grades and types of mammary carcinomas

correlate with prognosis,37,60 some dogs with grade III and many

with grade II MCTs will experience long-term survival follow-

ing surgical excision.37,42 Similar remarks can be made for

historically more aggressive subtypes of mammary carcinomas,

such as solid or anaplastic carcinomas.30,60 Therefore, histologic

classifications cannot serve as meaningful surrogate endpoints

for prognostic studies, but they may serve as a basis for building

hypotheses. Metastasis, recurrence, disease-free interval, and

overall survival should remain as gold standard endpoints for

prognostic studies, and conclusions about the significance of

prognostic markers should be based only on evaluations of these

endpoints.

Finally, the goal of prognostic studies is to identify markers

that are significantly and independently associated with a clin-

ical outcome and that can, ideally, be applied to a clinical or

diagnostic setting.29 In light of this goal, a discussion is war-

ranted of the strengths and limitations of the marker’s use in

a clinical setting and the means of integrating a marker into a

routine diagnostic setting. Because the goal of using prognostic

markers is to indicate disease outcome, authors should consider

not simply the biological and statistical validity of the assay but

also the clinical validity. These discussions will stimulate read-

ers to consider how they can use the data to plan their studies

and, more important, how they can use the data to improve their

ability to diagnose and treat patients.

Summary

The goal of this endeavor is not to establish publication rules

for Veterinary Pathology or other journals; rather, this work

is meant to provide guidelines for conducting prognostic stud-

ies and to establish standards by which studies can be critically

evaluated. To provide the reader with an easier approach to the

proposed guidelines, Figure 1 summarizes the critical points in

bullet-point format. As we the veterinary community refine our

investigative work, we will identify new areas upon which we

can improve, and we will need to continually make adjustments

to meet evolving standards. Therefore, this article will need to

be periodically reevaluated as an continually evolving docu-

ment. This reevaluation will be essential to maintain the one

steadfast goal: to identify and characterize prognostic and pre-

dictive markers that are scientifically sound and clinically

applicable.
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