Annals of Diagnostic Pathology 43 (2019) 151410

journal homepage: www.elsevier.com/locate/anndiagpath

Contents lists available at ScienceDirect

Annals of Diagnostic Pathology

Annals of
DIAGNOSTIC
PATHOLOGY

Evidence-Based Pathology

Pathology in the era of “Personalized Medicine": The need to learn how to
integrate multivariate immunohistochemical and “omics” data with

Check for
updates

clinicopathologic information in a clinically relevant way”

Alberto M. Marchevsky™*, Ann E. Walts®", Mark R. Wick”

2 Departments of Pathology & Laboratory Medicine Cedars-Sinai Medical Center, Los Angeles CA, United States of America

Y University of Virginia, Charlottesville, VA, United States of America

ARTICLE INFO ABSTRACT

Keywords:

Personalized medicine
Evidence-based Pathology
Evidence levels

Study design

“Personalized medicine” has been proposed as a new paradigm for patient care that, based on the integration of
genomics and other “omics” data with clinical and other multidisciplinary information, promises early disease
detection, improved outcomes and reduced side effects to therapies. Pathologists have become important par-
ticipants in this new approach as the guardians of tissues and experts in the performance of molecular and other
laboratory tests. Large amounts of new laboratory data in multiple neoplasms and other entities are being re-

ported but there has been limited discussion about how best to evaluate the clinical significance of this in-
formation and how to integrate it into currently available diagnostic and therapeutic modalities. This article
introduces a variety of epistemological problems presented by the “personalized medicine” paradigm and briefly
discusses various topics that will be evaluated in further detail in future articles of this new series on Evidence-

Based Pathology.

“Personalized medicine” has been proposed as a new paradigm for
patient care that, based on the integration of genomics and other
“omics” data with clinical and other multidisciplinary information,
promises early disease detection, improved outcomes and reduced side
effects to therapies [1-5]. Risk assessments models are being developed
to facilitate accurate diagnoses and select therapeutic strategies that are
specifically designed to optimize the management of individual patients
[6-15]. Ironically, although pathology has been regarded as an in-
creasingly obsolete specialty being rapidly outdated by advances in
automated digital imaging, artificial intelligence and other technolo-
gies, the specialty is at the center of this new era as the guardian of
tissues and other biologic samples [16,17]. Indeed, “personalized
medicine” relies heavily on laboratory data including histopathologic
diagnosis, immunohistochemical findings, genomics, proteomics and
other test results performed on various specimens [18-20]. These stu-
dies generate reams of new data and present challenges about how to
best apply this ‘evidence’ to individual patients rather groups of in-
dividuals [9,15,21].

The “personalized medicine” era raises questions about who the
“integrator” of these data will be and whether pathologists have been
properly trained to understand how multivariate data and often

conflicting or uncertain evidence can be integrated to provide the most
helpful information to individual patients while not exceeding sus-
tainable health care costs. This article introduces several epistemolo-
gical issues relevant to these questions. We anticipate that each of these
questions and additional topics will be explored in future articles in this
new series on evidence-based pathology practice.

1. How can pathologists evaluate the quality of published results?
Evidence levels

Scientific questions can be investigated using various study designs
that have been explored in the evidence-based pathology literature [22-
27]. 1t is beyond the scope of this article to discuss this topic in detail,
but it is discussed in multiple resources in books, articles and websites.
For example, the Centre for Evidence Based Medicine at Oxford Uni-
versity in the U.K. offers excellent educational materials about study
designs [28]. Table 1 shows a simplified summary of study designs,
including observational and experimental studies and systematic re-
views. Observational studies are most often used in pathology to ex-
plore the features of unusual conditions, describe with the aid of sta-
tistical methods the characteristics of certain populations of patients or
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Table 1
Types of study design.

Observational designs

Exploratory studies: report unusual or unknown diseases
Case reports
Case series: describe characteristics of diseases and evaluate the findings with
statistics
Case-control series: commonly used in pathology studies
Cross-sectional series: describe the frequency and characteristics of a disease at a
particular point in time
Cohort studies: longitudinal observations over time

Experimental designs
Randomized clinical studies: usually not suitable for questions explored in
pathology
Systematic reviews: comprehensive review of available evidence evaluating
available information qualitatively or quantitatively using meta-analysis

test various hypothesis. Case reports and case series can produce va-
luable information to understand clinico-pathologic entities and this
evidence can be used to design future randomized clinical trials and/or
influence clinical practice in situations when is not feasible to perform
these trials. However, the information provided by case reports and
case series is subject to strong publication bias toward positive results.
Randomized controlled trials are experimental studies where allocation
to treatment and control groups are done randomly, to reduce selection
bias, publication bias and other potential shortcoming of study design.

Various scales of evidence level have been proposed to inform
readers of scientific publications about the “quality” of information
yielded by various study designs [29]. The various proposed scales of
levels of evidence can be oversimplified as 1 through 5, with level 1
providing the highest-level quality of information. Level 1 evidence is
provided by randomized clinical trials, level 2 evidence is provided by
systematic reviews of homogeneous cohort studies. Level 3 or 4 evi-
dence is provided by case series or control studies, depending on their
study designs. Level 5 evidence is provided by expert opinion offered
without generation of data or critical appraisal of evidence from lit-
erature. As it is not feasible to conduct randomized clinical trials in
pathology, this scale would imply that all pathology studies are rela-
tively “low quality”, although our specialty has provided a wealth of
valuable medical knowledge. We have proposed the scale of evidence
levels for publications in pathology and laboratory medicine shown in
Table 2, that is more appropriate to gauge the quality of information
gendered by pathologists and stimulate best practices [30].

Table 2
Scale of evidence levels proposed for pathology and laboratory medicine®.

Level 1: Case-control studies with external validation of results using prospective data
from other institutions
Meta-analysis of level 2 studies
Expert recommendations based on level 2 or 3 studies

Level 2: Case-control studies with external validation of results using prospective data
from the same Institution
Meta-analysis of level 3 studies
Expert recommendations based on a systematic review of literature but without
meta-analysis

Level 3: Case-control studies with external validation of results using retrospective
data from the same Institution

Level 4: Case-control studies

Level 5: Case reports
Case series without controls

@ This scale was proposed by Marchevsky A and Wick to evaluate the quality
of observational studies in pathology publications [30].
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2. How should old and new information be evaluated in a manner
that is clinically applicable to individual patients rather than
obtaining significant “p values” for retrospective groups of
patients?

Many pathologists might argue that our specialty is “evidence-
based” as we continue to collect detailed and “objective” information
from specimens using an increasing variety of advanced laboratory
techniques. In general, new findings are accepted only after results are
shown to be “statistically significant”, and new findings are interpreted
as “clinically significant” if they are significantly associated (p value
=>0.5) with overall survival or other prognostic endpoints and/or re-
sponse to therapies [25-27,31]. However, many of these observational
studies in anatomic pathology are retrospective, include a relatively
small number of patients, and/or are not validated in other patient
cohorts prior to publication, yielding level 3 or 4 evidence. Also, in
anatomic pathology “objective” findings are often based on subjective
interpretations of microscopic features. Even “instrument-based” la-
boratory tests such as immunohistochemistry and DNA analysis require
the adoption of multiple technical/ procedural details that are selected
based on experience and personal judgement. Thus, regarding biologic
samples, the so-called “best available evidence” is frequently obtained
from observational studies, somewhat incomplete and/or subjective
data, small number of observations and variable methodologies and
interpreted with the help of opinion experts [25].

Evidence-based medicine and its derivative evidence-based pa-
thology have been proposed as a way to analyze and interpret medical
and laboratory data so as to provide maximum benefit to individual
patients [25,27,31,32]. Yet, the limitations of information obtained
with observational studies is seldom discussed in the pathology litera-
ture and is periodically used to suggest more aggressive therapeutic
modalities based on groups of patients that exhibit worse prognosis in
those studies. For example, spread though airways (STAS) has been
shown to be associated with prognosis in several observational studies
of patients with lung adenocarcinoma and other neoplasms, although
some investigators have raised questions whether this finding results
from artifactually detached loose tumor fragments [32-35]. In patients
with lung adenocarcinoma, the association with prognosis is statisti-
cally significant in patients undergoing sublobar resections, suggesting
that STAS needs to be identified preoperatively or intraoperatively in
order to stratify which patients would putatively benefit from lo-
bectomy. However, is there enough evidence in literature to introduce
this hypothesis into current clinical practice? We investigated the pre-
sence of STAS in frozen sections of our lung adenocarcinoma patients,
were able to detect their presence in some but not all patients and
concluded that there was insufficient evidence to warrant re-
commending the performance of lobectomy to our thoracic surgeons
based on this finding [32]. Expert pathologists reading this study
opined that this approach is too conservative, that STAS can be detected
in a substantial number of frozen sections and that as their presence has
been shown to be associated with prognosis in several observational
studies, thoracic surgeons should be informed about their presence so
that they can perform a more extensive resection (personal commu-
nication). In contrast, evidence-based pathology proponents would
advocate classifying this type of evidence as level 3 or 4 and using it
only as a hypothesis to be tested on a randomized clinical trial before a
recommendation into routine clinical practice is issued, illustrating the
difference between this approach and "expert opinion".

These problems raise the fundamental question of what is a pa-
thologist to do in the presence of incomplete and somewhat uncertain
evidence? Evidence-based pathology advocates the estimation of
probabilities, odds, positive/negative predictive values, and likelihood
ratios to express the likelihood of individual events [25]. The NCCN and
other evidence-based guidelines advocate the use of randomized clin-
ical trials to determine the utility of new therapeutic modalities [24]. It
is beyond the scope of this article to discuss the advantages and
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disadvantages of these metrics that are widely used in laboratory
medicine but not in anatomic or molecular pathology. In general,
anatomic and molecular pathology data are often correlated with
prognosis or “prediction” of therapy response and results are being read
as clinically significant, particularly if reproduced in several observa-
tional studies and although interesting correlations with significant “p”
values do not necessarily indicate that the information is clinically re-
levant, as discussed in the next section of this article [10].

3. Can the results of prognostic studies obtained from
retrospective groups of cases be accurately used to estimate the
clinical course and/or response to treatment in patients who were
not included in the study?

The topic of “prognosis” has been evaluated much more extensively
in oncology and other medical specialties than in pathology
[8,9,22,36,37]. In pathology studies, the usual methodology involves
correlation of overall survival, and occasionally disease-specific sur-
vival with various histopathology and laboratory data. Although ex-
treme care is usually expended to obtain precise pathology and la-
boratory data, the dependent variable “survival” is often not
normalized by other variables such as disease specific survival, age,
stage, treatment and other variables that can influence the results
considerably. Importantly, this methodology can only provide level 3 or
4 evidence that does not necessarily predict the outcome in future pa-
tient cohorts and cannot predict the prognosis or response to treatment
in future individuals [15]. For example, multiple studies have shown
that lung adenocarcinoma (LADC) exhibiting micropapillary (MIP)
growth features are associated with a worse prognosis than those with
other histopathologic patterns [10,38-40]. One of the most recent stu-
dies showed in a retrospective observational study of 87 cases, that a
newly recognized filigree pattern of MIP LADC was associated with
worse recurrence free probability and lung cancer-specific survival than
other histologic subtypes and concluded that this finding is clinically
significant [10]. Although this is certainly an excellent observational
study, should this level 3 evidence be used to inform patients that they
have a particularly aggressive form of lung cancer and recommend to
oncologists that they should treat the patients more aggressively? A
recent comprehensive review by Cao et al. concluded that “a complete
lobectomy may be more suitable than limited resection for micro-
papillary adenocarcinoma because of the low sensitivity of in-
traoperative frozen sections and the high risk of lymph node metastasis.
MIP benefits more from adjuvant therapy” [40]. The study is an ex-
ample of “jumping to conclusions based on low level evidence” as it of
does not discuss in detail whether MIP can be reliably diagnosed by
different pathologists and does not quote the results of randomized
clinical trials supporting the therapeutic recommendations. Indeed,
another recent comprehensive review by C Monroig-Bosque et al.
looked at the same literature and highlighted “the fact that there have
been no studies validating the diagnostic/morphologic criteria that
should be used to achieve an accurate diagnosis of micropapillary lung
adenocarcinoma” [38]. The study recognized “that a micropapillary
carcinoma component is associated with poor prognosis in patients with
lung adenocarcinoma” but did not offer therapeutic recommendations
based on available evidence. Instead, it suggested the more modest
conclusion that the recognition of this type of tumors “present the po-
tential for new research opportunities, particularly molecular studies
aimed at determining targeted treatment options”.

4. Which methods should be used to estimate the clinical course
and/or response to treatment of future patients? The development
of prognostic and predictive models based on multivariate data
and evaluation of their accuracy using independent prospective
datasets

The statistical tests most commonly utilized in pathology studies to
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evaluate prognosis and prediction of response to therapy are the
Kaplan-Meier method and Cox-regression analysis [41-43]. The Kaplan-
Meier method compares whether survival curves from different popu-
lations are significantly different from each other. Cox-regression ana-
lysis evaluates whether various parameters independently correlate
with prognosis; the results can be used to select predictors that could be
useful to formulate multivariate prognostic models. To estimate the
probability that a specific event, such as recurrence or death will occur
in the future there is a need to use multivariate “prognostic models”,
“risk scores”, “prediction rules” or other tools that combine multiple
predictors, usually by assigning relative weights to each predictor to
obtain a risk or probability estimate [15,21,44].

A group of prediction model researchers, methodologists, various
health care professionals and editors from Annals of Internal Medicine,
British Medical Journal, Journal of Clinical Epidemiology and PLoS
Medicine convened a meeting in 2011 to develop the Transparent
Reporting of a multivariable prediction model for Individual Prognosis
or Diagnosis (TRIPOD) statement in 2015 [9,45,46]. This statement
discussed the similarities and differences between diagnostic and
prognostic prediction models, various types of prediction models, and
provides checklists of items to include when reporting a study devel-
oping or validating a multivariate prediction model for diagnosis or
prognosis. Other examples of reporting recommendations include the
REporting recommendations for tumor MARKer prognostic studies
(REMARK), Genetic Risk Prediction Studies (GRIPS) and others [47,48].
To our knowledge, there has been limited interest at adopting these
methodologies for the reporting of prognostic and predictive estimates
in the pathology literature.

In addition to risk scores, nomograms and “prediction rules”, sta-
tistical methods such as logistic regression, neural networks (so-called
“deep learning”), Bayesian belief networks, Monte Carlo simulations
and other statistical methods can be used to develop multivariate
prognostic and predictive models that provide the probabilities or odds
that particular events will develop in a patient [25]. Prediction models
based on these methods are generally categorized as model develop-
ment, model validation with or without updating or a combination of
both [12-14,37,49]. It is beyond the scope of this introductory paper to
describe the technical details of these methods and guidelines in detail.
However, we encourage readers to consider the quality level of avail-
able evidence before opining that one of their patients with a particular
tumor subtype or molecular phenotype has a “poor” or “good” prog-
nosis”. Relatedly, if prognostic or predictive information could be ob-
tained from the results of several retrospective case-control studies,
why would drug companies, oncologists and other physicians be re-
quired by the Food and Drug Administration and the National Com-
prehensive Cancer Network to perform very time consuming and ex-
pensive randomized clinical trials before a new treatment is approved
and adopted into widely used clinical practice guidelines [24].

5. Should the accuracy of test results in anatomic pathology be
evaluated and informed to patients and their clinicians?

Laboratory medicine has a long tradition of evaluating the accuracy
and potential clinical applicability of new tests based on their range of
normal values, sensitivity, specificity, positive predictive value (PPV),
negative predictive value (NPV), and/or likelihood ratios [41-43,50].
These metrics require information regarding the incidence of true and
false positive and negative test results in selected patient populations
and are used to inform physicians about their applicability to clinical
problems. The College of American Pathologists requires validation of
some of these metrics before new lab tests can be offered to patients
[51].

In contrast, test results generated in the anatomic pathology la-
boratory, including diagnoses, and reporting of staging information,
predictive markers and other information that are widely used in
clinical practice have, for the most part, not been subjected to these
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metrics, although there are many studies documenting variable in-
cidences of diagnostic errors and considerable interobserver variability
even amongst experts for the diagnosis of certain clinico-pathologic
entities and the interpretation of immunostains [52-56]. Interestingly,
although the results of cytologic tests are often considered as less ac-
curate than biopsy results, proficiency testing is required in gynecologic
cytology, and cytology laboratories monitor and report false negative
and false positive rates and other quality assurance data for breast,
thyroid and other fine needle aspiration specimens [57-59]. Biopsy
diagnoses and interpretation of immunostains that require physicians'
interpretative skills and/or the integration of histopathologic findings
with imaging and clinical data are test results that can be impacted by
interobserver variability, ambiguous terminology and other issues but
are not subject to proficiency testing requirements in the U.S.

To our knowledge, the effect of this variability on multivariate
personalized medicine models has not been evaluated.

6. Does every new test really provide incremental diagnostic or
prognostic value in routine pathology practice?

New immunohistochemical and other laboratory tests are being
reported in the pathology literature at a rapid pace. Their sensitivity
and specificity are often compared with those of older/ more estab-
lished tests, but these comparisons do not necessarily provide in-
formation regarding the incremental value of the new tests to increase
diagnostic or predictive accuracy. For example, Ordonez, a pathologists
with extensive experience in the use of immunohistochemistry for the
diagnosis of mesothelioma suggested in 2005 that D2-40 was one of the
most useful antibodies, as it is was positive in 86% of epithelioid me-
sotheliomas [60]. However, the antibody was negative in most sarco-
matoid mesotheliomas and the study did not propose an optimal com-
bination of antibodies that would diagnose with the highest sensitivity
and specificity the different subtypes of mesothelioma. A recent meta-
analysis evaluating the utility of D2-40 for the diagnosis of mesothe-
lioma concluded that it needs to be combined with other antibodies for
this diagnosis [23]. Practicing pathologists are still left with the pro-
blem of choosing the antibodies that would work best in their labora-
tories to diagnose mesotheliomas and to select the number of antibodies
that should be used in a diagnostic panel. Intuitively, they may decide
that “more is better” and use as many relevant antibodies as possible, to
make the diagnosis as accurate as possible. However, we have shown
that panels with only 2 antibodies could yield significantly better re-
sults than panels composed of 15 immunohistochemical tests for the
distinction between epithelioid mesothelioma and lung adenocarci-
noma [61].

7. What is the value to a current patient that pathologists
incorporate all new histopathologic classifications and test results
reported in recent research studies?

Although one of the roles of academic pathologists is to advance
knowledge by proposing more detailed classifications and developing
new laboratory tests, both academic and practicing pathologists have
an obligation to patients and to society to question whether and how
much of the seemingly endless new testing should be performed and
reported in routine practice before its clinical applicability has been
clearly adequately demonstrated. While performing and reporting an
increasing number of details (e.g. results of a list of multiple low sen-
sitivity and low specificity immunohistochemical stains or the identi-
fication of molecular variants of undetermined clinical significance)
increases the complexity of pathology reports, laboratory resources,
and health care costs, this practice might be of minimal value in the
diagnosis, prognosis, and clinical management of contemporary pa-
tients. Despite the paramount importance of these issues, to our
knowledge they have received relatively little attention in the recent
pathology literature.
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8. Are pathologists still the “doctors-doctors”? What role should
pathologists assume in developing test utilization guidelines for
pathology practice?

Historically, pathologists have been considered as the “doctors-
doctors” providing the “last word” about diagnoses and the effects of
treatment by performing autopsies and assisting practitioners with in-
terpretation of laboratory test results [62]. However, the number of
autopsies being performed has declined considerably and medicine has
become too complex for pathology generalists to provide all the advice
required about the interpretation of lab tests. Subspecialization has
become increasingly prevalent in multiple clinical disciplines, including
pathology and personalized medicine protocols are being developed by
multidisciplinary teams [19]. If pathologists are to maximize their
contributions to patients and their clinicians in the era of personalized
medicine, further consideration and focused instruction regarding these
and related issues by current and future generations of pathologists are
warranted.
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