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Abstract In the last two decades, our knowledge about can-
cer genetics and cancer biology increased exponentially. Deep
sequencing now allows rapid and cost-effective analysis of
entire cancer genomes. Dysregulation of cell growth, cell sur-
vival, tissue homeostasis, and immune surveillance have been
recognized as hallmarks of cancer. In parallel, diagnostic sur-
gical pathology has been harmonized and consensus diagnos-
tic criteria for cancer classification have been developed by
initiatives of the World Health Organization, the International
Agency for Research on Cancer, and the Union for
International Cancer Control. Pharmaceutical companies de-
veloped novel drugs targeting specific molecules in signaling
pathways, which has allowed the development of the concept
of precision medicine. Now, we are facing a large number of
clinical trials which bring together these advances and will
explore efficacy of novel treatment regimens. Assessment of
the efficacy of a new drug is often coupled with the simulta-
neous assessment of the capacity of tissue-based biomarkers
to predict response of individual patients (companion
diagnostics/precision medicine). Patients with histologically
similar tumors might respond differently to the same drug.
This review summarizes the diverse roles played by surgical
pathologists involved in clinical trials, with a special focus on
quality assurance of diagnostic, laboratory, and reporting
standards.
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Background

When the search terms “cancer” and “histology” were entered
in the search engine of the US National Institutes of Health
service (www.clinicaltrials.gov) at the end of June of 2015,
more than 15,000 interventional clinical trials came up. This
staggering number illustrates how often interventional studies
use or rely on information provided by histological data. Of
the drugs approved in 2013, 40 % target cancer. In the last
20 years, improvements in conventional chemotherapeutic
drugs, which include among others alkylating agents,
antimetabolites, and topoisomerase inhibitors, have been
slow and limited in impact. However, significant
improvements have been achieved in a few cancer types
using either antihormonal medication or drugs targeting
molecules in specific signaling pathways, e.g.,
receptor tyrosine kinases and their ligands. Conventional
chemotherapy requires accurate histological diagnosis of
cancer subtype and the assessment of tumor stage, while
“targeted” drugs often need predictive biomarker testing on
a tissue specimen. Targeted treatment tends to be palliative
rather than curative, but it has expanded progression-free,
tumor-specific, and overall survival for an increasing
number of cancer types and added further “bullets” in the
“war against cancer.” This marketing-type terminology com-
monly used in public media tends to generate optimism and
hope but in doing so tends to ignore major problems encoun-
tered, in terms of drug efficacy in clinical trials but also in the
development of reliable companion diagnostics. The example
ofthe EXPAND study, which tested capecitabine and cisplatin
with or without cetuximab for patients with previously un-
treated advanced gastric cancer, is a good example: adding
cetuximab to capecitabine-cisplatin as first-line treatment did
not result in any benefit. Cetuximab is a fully humanized
antibody directed against the epidermal growth factor receptor
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(EGFR) and provides significant survival benefit to patients
with advanced colorectal cancer with wild-type KRAS status
[1]. As in comparison with colorectal cancer in gastric cancer
KRAS mutations are rare while they do express EGFR, ex-
pectations were high but cetuximab failed to show any benefit
and the relative success in colorectal cancer did not materialize
in better clinical management of gastric cancer [2]. Likewise,
results of recent studies communicated during the annual
meeting of the American Society of Clinical Oncologists
failed to show a benefit of MET inhibitors in gastric cancer.
In both studies, drug efficacy was tested along with a potential
companion diagnostic [3, 4].

Therefore, in spite of a breathtaking number of clinical
trials, many of which also attempt to validate companion di-
agnostics, the number of effective targeted drugs and the spec-
trum of tumors for which they work remain limited and this
also holds true for the accompanying handful of tissue-based
biomarkers that have become standard of care in diagnostic
surgical pathology. This raises the question which role pathol-
ogists might play in planning and executing clinical trials.

Role of the surgical pathologist in clinical trials

Surgical pathology already contributes considerably to clini-
cal trials. Three roles can be distinguished regarding patholo-
gy input: support in clinical studies, participation in preclinical
investigations, and implementing trial results, notably
concerning companion diagnostics, into diagnostic pathology
practice [5]. Support in clinical studies consists of providing
sound pathological diagnoses through, e.g., central review, as
well as providing biomarker test results (specific tissue-based
diagnostics conditional for patient inclusion or exclusion).
Support in the preclinical phase includes biomarker discovery,
i.e., support for or execution of tissue-based translational stud-
ies for the development of new clinically relevant biomarkers,
which requires well-characterized tissue collections.
Implementing trial results concerns roll-out of new tests into
daily diagnostic practice, including bedside-to-bench research
projects that improve application of a new tissue-based bio-
marker, but also the establishment and execution of external,
objective quality control procedures.

Diagnostic pathology support in clinical studies

In the past 20 years, major progress has been made in surgical
pathology. The World Health Organization (WHO)/
International Agency for Research on Cancer (IARC) current-
ly publishes the fourth edition of the classification of tumors.
Treatment decisions are based on a sound histological diagno-
sis and the “blue books,” as they tend to be called, provide a
globally accepted consensus-based framework for the
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histological and molecular classification of human tumors.
Clinical trials would be inconceivable without standardized
histological diagnoses, which classify diverse human tumors
according to morphology, taking molecular characteristics and
natural behavior into account. These histological classifica-
tions are work in progress. Novel insight, including concepts
based upon next-generation sequencing data but also clinical
findings and pharmacotherapeutic progress, all impacts on
classification schemes. Lung cancer is a striking example of
the dynamic evolution of tumor classification: new modalities
of targeted therapy of pulmonary adenocarcinomas have led to
international initiatives to profoundly revise their classifica-
tion [6].

The tumor (T), node (N), metastasis (M) classification of
the Union for International Cancer Control (UICC) provides a
solid basis for staging of human tumors [7]. It is the most
important instrument for tailoring treatment to the needs of
the individual cancer patient. The TNM classification has
stood the test of time and has never been surpassed in multi-
variate analyses by any other single prognostic biomarker,
often based upon immunohistochemistry or molecular analy-
sis. The TNM classification is used in clinical trials, to select
patients who are eligible for inclusion, and in cancer registries
to compare outcome between different patient series, across
different countries, over different time periods (i.e., ethnicity,
medical treatment developments, sociocultural effects), and
particularly between different studies. The TNM classification
is also continuously improved by the addition of novel criteria
and adoption of novel insights into tumor biology and prog-
nostic factors. It is important to emphasize here that every
diagnostic pathologist involved in signing out biopsies and
surgical specimens of cancer patients contributes to clinical
trials, in providing reliable pTNM classification for each case.

Diagnostic standards harmonize and standardize surgical
pathology and provide a basis for evidence-based medicine
and indirectly for the quality of clinical trials. Standardized
classification is particularly important because most clinical
trials are multicenter and often span several countries and even
continents. Without the support of a solid histopathological
diagnosis, including tumor type, grade (if appropriate), and
stage, which are all provided by a surgical pathologist who
usually is not directly involved in study design and/or execu-
tion standardization, clinical trials would be impossible to
conduct. Patient accrual by clinicians often depends on work
done by surgical pathologists. Beyond standardization of di-
agnostic criteria, adherence to diagnostic standards needs to
be monitored, not only for daily practice but also for clinical
trials. To this end, internal and external quality assurance pro-
grams have been implemented in many countries. In addition,
continuous medical education programs, such as those provid-
ed by learned societies including the International Academy of
Pathology (www.iapcentral.org), are dedicated to improving
quality of diagnostic pathology through education. This
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implies that pathologists involved in daily diagnostic practice,
which can directly influence quality of trial data, as well as
those actively participating in developing and executing
clinical studies, should be board-certified specialists with a
diagnostic capacity at the level required for standard of care.
This may require specific expertise, depending on the partic-
ularities of the study or the applied technologies. This be-
comes imperative when a surgical pathologist is actively in-
volved in a clinical trial as central reviewer providing a second
opinion prior to inclusion of a patient.

Participation in preclinical investigations

The question arises whether harmonization of diagnostic stan-
dards, continuous medical education, and specialization are
sufficient guarantees for the required quality. Tissue-based
biomarker testing has become an integral part of histopathol-
ogy practice in oncology because prognostic biomarkers
might determine whether or not the patient needs more, less,
or no additional (adjuvant) treatment. Predictive biomarkers
are needed to select the right drugs for a specific patient/target,
hence the term targeted therapy, the mainstay of precision
medicine [8]. As a result, clinical trials increasingly include
exploration of tissue-based biomarkers in the quest for prog-
nostic and companion diagnostics. This requires not only di-
agnostic expertise but also competences in quality assurance
laboratory procedures and understanding of diagnostic algo-
rithms beyond basic requirements for board certification.
Important issues here are pre-analytical variables, sampling
issues, and test and evaluation algorithms.

Pre-analytical variables

An area of particular importance is the impact of pre-
analytical variables on the results of a test. A striking example
is the Her2/neu retesting controversy in Canada [9]. In 1998,
trastuzumab was approved for the treatment of breast cancer
but only those that tested positive for Her2/neu expression or
amplification on a breast cancer tissue sample. Guidelines for
Her2/neu testing of breast cancer were published in 2007 [10].
In spite of these, retesting of breast cancer samples in a quality
assurance program revealed major discrepancies, in part due
to pre-analytical conditions of tissue treatment including fix-
ation time, as test results are heavily influenced by insufficient
fixation. Accumulating evidence led to revised guidelines,
which were published in 2013 [11]. In comparison to the sig-
nificant standardization efforts regarding diagnostic criteria,
little effort has been dedicated to standardization of pre-
analytical variables. International multicenter trials often fail
to provide detailed specification of pre-analytical variables
such as fixative and fixation time. While standards of

reporting for tumor marker prognostic studies (REMARK;
[12]) and diagnostic accuracy (STARD; [13]) have been pub-
lished, these mainly refer to standards of reporting and pub-
lishing. However, harmonization is also needed in terms of
pre-analytical tissue treatment conditions.

Fully automated immunostaining devices and certified
test kits have improved tissue-based test results, but
these will never become truly robust if pre-analytical
variables are not harmonized. Commonly, formalin-fixed
and paraffin-embedded tissue specimens are used.
Formalin fixation is still strongly recommended, in spite
of the fact that formalin fixation leads to fragmented
suboptimal DNA quality which allows amplification only
of small PCR amplicons. It remains the most widely
used fixation procedure, allowing also retrospective co-
hort studies, particularly of cancers with a low preva-
lence or historical, chemotherapy-naive patient
populations.

Sampling procedure

It is essential that before any molecular testing, a solid histo-
pathological diagnosis including detailed classification has
been established. This also applies to the biopsy taken for
clinical trials. DNA will be extracted from tissue samples
which include a mixture of non-neoplastic and neoplastic
cells. The percentage of each of these varies and has to be
considered. Supervision and interpretation of molecular test-
ing should not be carried out without surgical pathologists
[14]. Lack of supervision by surgical pathologists may carry
the risk of testing non-representative or even non-neoplastic
tissue samples. The sensitivity of molecular biological assays
varies and mutations can be missed when inappropriate assays
are applied or the “mutational load” in a tumor subclone is
below detection level [15]. The need for quality assurance
programs is exemplified by the external quality assessment
for KRAS mutation testing in colorectal cancer carried out by
European Society of Pathology, in which 27 % of the partic-
ipants genotyped at least 1 of 10 samples incorrectly [16].
Tumor heterogeneity is becoming one of the main obsta-
cles of cancer treatment in the era of precision medicine.
Sequencing of multiple samples of primary clear cell renal cell
carcinoma (ccRCC) and its metastatic sites revealed mind-
boggling complexity, which allowed reconstruction of its evo-
lutionary history in terms of gene abnormalities [17, 18].
Genetically distinct subclones were found in the primary tu-
mor and distant metastases. Cancer is now viewed as a highly
dynamic evolutionary disease [ 19], with continuing mutations
favoring the emergence of new (sub)clones with distinct bio-
logical properties already in precursor lesions [20]. Subclones
may show different patterns of interaction; they may compete,
overtake other clones, parasitize, or peacefully co-exist. Based
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upon the ccRCC observations, a “trunk and branch” model has
been proposed for tumor evolution [21]. A similar level of het-
erogeneity has, as yet, not been found in other tumor types, but
tumor heterogeneity does have a major impact on the interpreta-
tion of earlier studies and the design of future clinical trials.
Common events, found in every subclone of the tumor region,
are represented in the trunk. Heterogeneous somatic events oc-
curring in a limited number of (or even a single) subclones rep-
resent the branches of the tree [21]. While targeting alterations in
the trunk might be most promising as they occur in all tumor
cells, many actionable targets exclusively occur in branches. This
subclonal heterogeneity of treatment targets poses problems in
diagnosis (tissue sampling error) and therapy (emergence of re-
sistance). Treatment and eradication of a subclone may provide a
growth advantage for a competing non-responsive subclone,
which finally may kill the patient. This is probably why the
efficacy of several targeted therapies was limited in time [21].

Molecular heterogeneity appears to be inherent to tumor evo-
lution and has consequences for sampling procedures. We have
studied the impact of sampling protocols on Her2/neu testing in
gastric cancer. Her2/neu has been introduced as a predictive
biomarker for the treatment of gastric cancer with trastuzumab
[22]. Amplification of genes encoding receptor-tyrosine kinases
usually occurs in genomically unstable gastric cancers [23],
which is why in gastric cancer, Her2/neu expression is intrinsi-
cally heterogeneous. We assessed Her2/neu status (according to
the gastric cancer scoring system [24]) using a tissue micro array
approach, in which a tissue core serves as surrogate for a biopsy
procedure, and compared the results with those obtained on
whole tissue sections cut from the same paraffin block. On the
TMA cores, we obtained a “false-negative” rate of 24 % and a
“false-positive” rate of 3 %. Similar observations regarding het-
erogeneity were made in gastric cancer for expression of MET
[25] and microsatellite instability [26]. Heterogeneous expres-
sion of predictive biomarkers poses a major challenge in clinical
trials but this issue is often neglected. The phenomenon is often
better explored in retrospective biomarker studies, once a treat-
ment modality has been formally approved by a regulatory
body. As an example, many studies on Her2/neu expression
were carried out after the approval of trastuzumab for the treat-
ment of gastric cancer (for a review, see [27]). These issues
should be addressed prior to implementation of a trial, and
whether (expression of) the molecular target of the treatment is
homogeneous (“trunk alteration”) or heterogeneous (“branch
alteration”) should be explored in advance and translated into
suitable biopsy procedures. However, many studies address
treatment in later stages of cancer with palliative intent, and
analyses rely on biopsy samples only, as patients may not be
eligible for tumor resection. However, an essential requirement
for any trial is the exploration of tumor heterogeneity before the
trial takes off, to avoid sampling errors and favor representative
tissue biopsies, which should then be assessed according to
REMARK standards (Table 1) [13].
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Test and evaluation algorithms

Another obstacle is the choice of adequate test and evaluation
algorithms. Test results of immunohistochemistry-based markers
are sensitive to choice of antibody, staining protocol, and the
microscopical evaluation procedure. The use of different antibod-
ies and evaluation procedures, added onto dissimilar study pop-
ulations, almost inevitably generates enormous variability in the
final result and what should be considered the true prevalence of
expression and significance of a biomarker may be difficult to
establish. With regard to Her2/neu, MET, and microsatellite in-
stability in gastric cancer, we carried out a literature review and
found that the prevalence ranges from 5 to 29 % for Her2/neu
[28], 3.8-85 % for MET [25], and 0-44.5 % for microsatellite
instability [26]. Similar observations were made for Her2/neu in
breast cancer. In Australia, the Her2/neu-positivity rate decreased
over a 4-year period from 23.8 % in 2006 to 14.6 % in 2010 [29].
Thus, not only standardization of laboratory procedures but also
evaluation of the staining result is mandatory. In Germany, this
has led to the introduction of the Her2-monitor, which serves as
an external benchmark [30]. However, such benchmarks are not
available for a considerable number of (future) actionable targets.

KRAS (for treatment with cetuximab) and Her2/neu testing
(for treatment with trastuzumab) taught us further lessons. Test
algorithms cannot be translated from one tumor type to another
without solid experimental evidence. Testing for mutations of
KRAS (and more recently also of NRAS, BRAF, and PIK3CA)
in colon cancer allowed identification of patients (with a KRAS
mutation) who do not respond to cetuximab [31]. This has im-
proved progression-free and tumor-specific survival in the palli-
ative setting [32], but this has not appeared to be applicable in
stomach cancer. Mutations in cancer genes do not occur in iso-
lation but in an established genomic landscape, which is different
for different cell and tissue types. This “ground state” of the
transformed cell may have a profound impact on the effect of a
mutation, such as determining whether cell death or clonal ex-
pansion might ensue [19]. Somatic alterations occurring in the
“omic” landscape of the stomach might not have the effect of the
same mutation in the context of the colon. A somatic mutation
may be a driver in one but a passenger in a different context [19].
The understanding pathologists have of cell and tissue context
makes their contribution to molecular testing particularly
valuable.

Once again Her2/neu is a good example. The breast cancer
scoring system was found to be unsuitable for gastric cancer, and
it was deemed necessary to change the test algorithm [33]. As
yet, generally accepted approaches or guidelines as to how for a
novel tissue-based biomarker the test algorithm should be devel-
oped do not exist. The approaches are characterized by “trial and
error.” The rationale underpinning a cutoff value in an immuno-
histochemical test is rarely provided, often follows statistical rea-
soning (e.g., splitting at the median) but rarely reflects tumor
biology.
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Table 1 Recommendations for tumor marker prognostic studies (REMARK)

Introduction
1. State the marker examined, the study objectives, and any prespecified hypotheses.
Materials and Methods

Patients
2. Describe the characteristics (e.g., disease stage or comorbidities) of the study patients, including their source and inclusion and exclusion criteria.
3. Describe treatments received and how chosen (e.g., randomized or rule-based).

Specimen characteristics

4. Describe type of biological material used (including control samples) and methods of preservation and storage.

Assay methods

5. Specify the assay method used and provide (or reference) a detailed protocol, including specific reagents or kits used, quality control procedures,
reproducibility assessments, quantitation methods, and scoring and reporting protocols. Specify whether and how assays were performed blinded
to the study endpoint.

Study design

6. State the method of case selection, including whether prospective or retrospective and whether stratification or matching (e.g., by stage of disease or
age) was used. Specify the time period from which cases were taken, the end of the follow-up period, and the median follow-up time.

Precisely define all clinical endpoints examined.
List all candidate variables initially examined or considered for inclusion in models.
Give rationale for sample size; if the study was designed to detect a specified effect size, give the target power and effect size.

Statistical analysis methods

10. Specify all statistical methods, including details of any variable selection procedures and other model-building issues, how model assumptions were
verified, and how missing data were handled.

11. Clarify how marker values were handled in the analyses; if relevant, describe methods used for cutpoint determination.
Results

Data

12. Describe the flow of patients through the study, including the number of patients included in each stage of the analysis (a diagram may be helpful)
and reasons for dropout. Specifically, both overall and for each subgroup extensively examined report the numbers of patients and the number of
events.

13. Report distributions of basic demographic characteristics (at least age and sex), standard (disease-specific) prognostic variables, and tumor marker,
including numbers of missing values.

Analysis and presentation
14. Show the relation of the marker to standard prognostic variables.

15. Present univariate analyses showing the relation between the marker and outcome, with the estimated effect (e.g., hazard ratio and survival
probability). Preferably provide similar analyses for all other variables being analyzed. For the effect of a tumor marker on a time-to-event
outcome, a Kaplan—Meier plot is recommended.

16. For key multivariable analyses, report estimated effects (e.g., hazard ratio) with confidence intervals for the marker and, at least for the final model,
all other variables in the model.

17. Among reported results, provide estimated effects with confidence intervals from an analysis in which the marker and standard prognostic variables
are included, regardless of their statistical significance.

18. If done, report results of further investigations, such as checking assumptions, sensitivity analyses, and internal validation.
Discussion
19. Interpret the results in the context of the prespecified hypotheses and other relevant studies; include a discussion of limitations of the study.

20. Discuss implications for future research and clinical value.

The goal of REMARK is to encourage transparent and complete reporting so that the relevant information will be available to others to help them to
judge the usefulness of the data and understand the context in which the conclusions apply [12]. The guideline should also be applied to tissue-based
studies of putative prognostic and predictive biomarkers
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Table 2

Statement for reporting studies of diagnostic accuracy (STARD)

No. Item

Identify the article as a study of diagnostic accuracy (recommend MeSH heading ‘sensitivity and specificity’).

State the research questions or study aims, such as estimating diagnostic accuracy or comparing accuracy between tests or across participant groups.

1
2
3 Describe the study population: the inclusion and exclusion criteria, setting and locations where data were collected.
4

Describe participant recruitment: was recruitment based on presenting symptoms, results from previous tests, or the fact that the participants had

received the index tests or the reference standard?

5 Describe participant sampling: was the study population a consecutive series of participants defined by the selection criteria in item 3 and 4? If not,

specify how participants were further selected.

6  Describe data collection: was data collection planned before the index test and reference standard were performed (prospective study) or after

(retrospective study)?
Describe the reference standard and its rationale.

8  Describe technical specifications of material and methods involved including how and when measurements were taken, and/or cite references for

index tests and reference standard.

9  Describe definition of and rationale for the units, cutoffs and/or categories of the results of the index tests and the reference standard.

10 Describe the number, training and expertise of the persons executing and reading the index tests and the reference standard.

11 Describe whether or not the readers of the index tests and reference standard were blind (masked) to the results of the other test and describe any

other clinical information available to the readers.

12 Describe methods for calculating or comparing measures of diagnostic accuracy, and the statistical methods used to quantify uncertainty (e.g., 95 %

confidence intervals).
13 Describe methods for calculating test reproducibility, if done.

14 Report when study was done, including beginning and ending dates of recruitment.

15 Report clinical and demographic characteristics of the study population (e.g., age, sex, spectrum of presenting symptoms, comorbidity, current

treatments, recruitment centers).

16  Report the number of participants satisfying the criteria for inclusion that did or did not undergo the index tests and/or the reference standard,
describe why participants failed to receive either test (a flow diagram is strongly recommended).

17  Report time interval from the index tests to the reference standard, and any treatment administered between them.

18 Report distribution of severity of disease (define criteria) in those with the target condition; other diagnoses in participants without the target

condition.

19 Report a cross tabulation of the results of the index tests (including indeterminate and missing results) by the results of the reference standard; for
continuous results report the distribution of the test results by the results of the reference standard.

20 Report any adverse events from performing the index tests or the reference standard.

21 Report estimates of diagnostic accuracy and measures of statistical uncertainty (e.g., 95 % confidence intervals).

22 Report how indeterminate results, missing responses and outliers of the index tests were handled.

23 Report estimates of variability of diagnostic accuracy between subgroups of participants, readers or centers, if done.

24 Report estimates of test reproducibility, if done.
25 Discuss the clinical applicability of the study findings.

Study design and patient selection threaten internal and external validity of a study of diagnostic accuracy. The STARD aimed to be a useful resource to
improve reporting of diagnostic accuracy studies. Complete and informative reporting can only lead to better decisions in health care, which also applies
now increasingly to clinical trials exploring tissue-based prognostic and predictive biomarkers [13]

Implementing trial results: roll-out and quality
assurance

In many countries, diagnostic standards are maintained through
certification and accreditation. In the UK and the USA, clinical
pathology is accredited according to the internationally recog-
nized standard ISO/IEC 15189:2012 (www.ukas.com). In
Germany, departments of pathology are accredited according
to the ISO/IEC 17020:2012 (www.dakks.de). Accreditation
programs confirm by an independent third party the
compliance to standards and competence in laboratory and
diagnostic procedures, which includes continuous medical
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education. The National Accreditation Body in Germany
has published guidelines for the validation of
immunohistochemical tests [34]. The College of American
Pathologists has published principles for analytic validation of
immunohistochemical assays [35]. As a result, standards in
diagnostic pathology are high, but somehow these standards
are not always applied in clinical trials or validation studies, at
least in part because what has become mandatory in diagnostic
surgical pathology might not be applied in a research
laboratory. In our literature review of Her2/neu [23], MET
[25], and MSI testing [26], we did not find a single
publication reporting participation in an external quality
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Table 3  Statement of the German Society for Pathology

Table 3 (continued)

1. General aspects

Study initiator and director are known; contact details are provided
Society, individual researcher/research network (outside a biomedical
society), research institute (e.g., university), industry, other

Details of study financing are provided

Society/association (e.g., ESMO, national organizations of anatomical
and surgical pathologists), public third-party funds, private third-party
funds, industry, other

Type of study is declared

Therapeutic trial, biomarker study, combined therapeutic trial and
biomarker study, diagnostic study

Study type 1: histopathological validation for clinical studies (with and
without therapeutic relevance)

Study type 2: request of samples for scientific studies for biomarker
validation

Study type 3: combination of study types 1 and 2

Aim of the study is defined

Type and amount of requested material is stated

Fresh tissue, paraffin block samples, slides with section/cytological
preparations, paraffin sections (unstained), extracts (DNA, RNA,
protein extracts), assessment reports (diagnoses), individual
information (results), other

2. Legal aspects

Informed patient consent has been given”

Informed patient consent for forwarding of material, the potential
future location of study material and the planned analyses; the patient
has been made aware of the possible consequences of forwarding and
use of the material

Study-associated trusteeship of material is resolved”
Within the context of the study/project, responsibilities have been
defined and the responsible persons named

The future location or return of study material is defined”

The location of study material after completion of the investigations
has been defined according to conditions; in the case of nonreturned
material, the terms of availability and return for future studies/health
care purposes are defined

3. Data protection requirements are fulfilled®
4. Ethics committee approval has been obtained”
5. Pathology-specific standards

The study pathologist is a consultant pathologist®
Additional study-specific specialist knowledge is particularly
desirable

In the case of a histopathological finding relevant to clinical diagnosis,
a pathology report will be generated

The head pathologist will be informed of the assessment results before
further steps are taken

Ensures optimal continued care of the patient and avoids conflicts

between primary pathologist, study pathologist, and clinics

Archiving of results and material according to national accreditation
standards
See e.g., [34]
6. Compensation of expenses
Appropriate compensation for resource and personnel costs
Invoicing and reimbursement modalities are resolved

Surgical pathologists are increasingly asked to provide study material
obtained during routine clinical service. This opposes surgical patholo-
gists with a multitude of unresolved issues. The German Society for
Pathology generated a structured criteria catalog, which may serve as a
source of information and a decision-making aid for studies and other
scientific investigations by both, academic centers and other pathology
institutes, as well as for their partners [5]

AIO Arbeitsgemeinschaft Internistische Onkologie (Working Group for
Internal Oncology), Deutsche Gesellschaft fiir Pathologie e.V. (German
Society for Pathology)

#Noncompliance

® An exclusion criterion

assurance program. Certification or accreditation of a surgical
pathology research laboratory appears not to exist.

This opens up the question whether certification and ac-
creditation of surgical pathology research laboratories is nec-
essary or even at all feasible. In a translational study aimed at
finding a prognostic or predictive tissue-based biomarker, ex-
ternal quality assurance is not appropriate; good scientific and
laboratory practice including appropriate positive and nega-
tive controls are essential. However, subsequent confirmatory
studies anticipating clinical/diagnostic use (which is the case
for the vast majority of Her2/neu studies in gastric cancer after
formal approval of trastuzumab) should significantly benefit
from external quality assurance programs.

Several examples illustrate the gap between phase III
clinical trials leading to formal approval of a new drug in
combination with a companion diagnostic and subsequent
roll-out of the new test into clinical and surgical patho-
logical practice. Narrowing this gap is necessary. Drug
development, clinical trials, and roll-out are expensive
and time consuming but, when not carried out according
to the guidelines recommended by REMARK and STARD
(Tables 1 and 2, respectively) [12, 13], may end up to be
disastrous for the patient. Quality assurance programs
should become mandatory also in validation of biomarker
studies and roll-out of new biomarker tests. A minimum
requirement during roll-out of clinical trial results with
companion diagnostics would be implementation of an
external quality assurance program, as soon as the drug
that requires a companion diagnostic is approved by the
European Medicines Agency. This has become the stan-
dard approach of the German Quality Initiative for
Pathology (QulP; a collaborative initiative of the
German Society for Pathology (Table 3) and the
Bundesverband Deutscher Pathologen e.V.).
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Common pitfalls and key issues

Recently, the US Food and Drug Administration (FDA) pub-
lished common pitfalls and challenges in their companion diag-
nostic review and approval process [36]. These include the use of
multiple tests to test patient specimens to select for a trial, the lack
of analytical validation prior to use in the trial, inappropriate
specimen types used to validate the assay, missing samples, the
instability of analytes during storage, the assessment of drug
efficacy in only one subset defined by the test, and the retrospec-
tive assignment of cutoffs in a pivotal trial. Almost all also apply
to tissue-based diagnostics. The proposals to improve on these
key issues provided by the FDA are particularly relevant:

1) A companion diagnostic development plan should be in-
cluded as part of the development plan of the drug under
study when biomarker-based conclusions about drug safety
and efficacy are anticipated.

2) The final version of the test should be used to screen patients
for the trial.

3) Drug and device claims rely on prespecified device design,
and analytical validation prior to initiation of a study is crit-
ical to planning patient enrollment.

4) A plan for appropriate banking and annotating of patient
specimens (both test negative and test positive) and assuring
storage that does not impact on test results will be critical to
future bridging studies [36].

A problem with the latter is that it will often interfere with
regulations impeding on patient service outside clinical trials.
Many patients are enrolled in clinical trials only after a diagnostic
biopsy or therapeutic resection specimen was obtained, and such
tissue samples were obtained for diagnostic and not for research
purposes.

Do clinical trials need to interfere with diagnostic
pathology service?

Surgical pathologists not involved in clinical trials are increasing-
ly challenged in daily practice by the requirements of an ever
increasing number of clinical trials. They are requested to provide
tissue samples entrusted to them for diagnostic purposes only or
additional study-related information, or even perform additional
studies on the tissue samples without having any primary
research/study intention. This confronts pathologists in their role
as tissue trustee with a multitude of unresolved issues, including
heterogeneity of the research landscape (who finances the study,
what are the aims of the study, does patient informed consent
cover the request), study-associated tissue collections, proprietor-
ship, study results, data protection, and compensation of ex-
penses (for a review see [5]). The German Society of
Pathology recently summarized the problems increasingly
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encountered in diagnostic pathology outside clinical trials and
published a proposal [5], and explicitly recommend that pathol-
ogists should be actively involved in study planning, implemen-
tation and data analysis, and the use of cell and tissue material.
By doing so, pathologists assume their dual role as competent
diagnostician and expert advisor in specific issues regarding
tissue-based research and diagnostics. In such a position, pathol-
ogists would be instrumental in avoiding protocols, procedures,
and regulations that are disadvantageous for health care, hamper
the study, and disturb interactions between involved parties. The
study pathologist would ensure that pathology-specific standards
are met comprehensively in cell- and tissue-based research and
clinical studies including diagnostics and that the study require-
ments are not in conflict with principles of good practice. When
central pathology review is part of the study, the study pathologist
must have an outstanding level of expertise and recognized pro-
fessional status. Trials and studies which include tissue-based
analyses but not tissue bases analytical methods (e.g., histopa-
thology, immunohistochemistry, in situ hybridization) also re-
quire expert histological characterization of tissue samples in
order to assure adequate sample selection and based upon rele-
vant parameters (e.g., tumor tissue vs. non-neoplastic tissue, ne-
crotic vs. vital tissue, percentage of tumor tissue in the sample).
This is the only way potentially irrelevant results or inadequate
interpretation of the results can be avoided [5].
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