1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

1duasnue Joyiny vd-HIN

s NIH Public Access
Y,

Author Manuscript

Published in final edited form as:
Gastroenterology. 2007 July ; 133(1): 48-56. doi:10.1053/j.gastro.2007.04.044.

Pathology Features in Bethesda Guidelines Predict Colorectal
Cancer Microsatellite Instability: A Population-Based Study

Mark A. Jenkins*, Shinichi Hayashii, Anne-Marie O’shea§, Lawrence J. Burgart”, Tom C.
Smyrk”, David Shimizu'l, Paul M. Waring#, Andrew R. Ruszkiewicz™, Aaron F. PoIIetti, Mark
Redstonii, Melissa A. Barker§§, John A. Baron ! ”, Graham R. Caseyw, James G. Dowty*,
Graham G. Giles™, Paul Limbur ”, Polly Newcomb™ Joanne P. Young§§, Michael D.
Walsh§§, Stephen N. Thibodeau ﬁ Noralane M. Lindor”, Loic LemarchandT, Steven
GaIIinger§, Robert W. Hailei'ﬂ:, John D. Potter™, John L. Hopper*, and Jeremy R. Jasst for
the Colon Cancer Family Registry

*Centre for Molecular, Environmental, Genetic and Analytic Epidemiology, University of Melbourne,
Parkville, Victoria, Australia

*Pathology Department, McGill University, Montreal, Quebec, Canada
SPreventive Oncology, Cancer Care Ontario, Toronto, Ontario, Canada
IMedical Genetics, Mayo Clinic, Rochester, Minnesota

TPathology Department and Cancer Research Center, University of Hawaii Cancer Research
Center, Honolulu, Hawaii

#Pathology Department, Peter MacCallum Cancer Research Institute, Melbourne, Victoria, Australia

“Pathology Department, Institute of Medical and Veterinary Science, Adelaide, South Australia,
Australia

#pathology Department, Brigham and Women’s Hospital, Boston, Massachusetts

88Conjoint Gastroenterology Laboratory and Familial Cancer Laboratory, Queensland Institute of
Medical Research, Brisbane, Queensland, Australia

lHCommunity and Family Medicine, Dartmouth Medical School, Lebanon, New Hampshire
TMCancer Biology, Cleveland Clinic, Cleveland, Ohio
#Cancer Epidemiology Centre, The Cancer Council Victoria, Carlton, Victoria, Australia

Public Health Sciences, Fred Hutchinson Cancer Research Center, Seattle, Washington

#*preventive Medicine, University of Southern California, Los Angeles, California

Abstract

Background & Aims—The revised Bethesda guidelines for Lynch syndrome recommend
microsatellite instability (MSI) testing all colorectal cancers in patients diagnosed before age 50 years
and colorectal cancers diagnosed in patients between ages 50 and 59 years with particular pathology
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features. Our aim was to identify pathology and other features that independently predict high MSI
(MSI-H).

Methods—Archival tissue from 1098 population-based colorectal cancers diagnosed before age 60
years was tested for MSI. Pathology features, site, and age at diagnosis were obtained. Multiple
logistic regression was performed to determine the predictive value of each feature, as measured by
an odds ratio (OR), from which a scoring system (MsPath) was developed to estimate the probability
a colorectal cancer is MSI-H.

Results—Fifteen percent of tumors (162) were MSI-H. Independent predictors were tumor-
infiltrating lymphocytes (OR, 9.1; 95% confidence interval [Cl], 5.9 —14.1), proximal subsite (OR,
4.7; 95% ClI, 3.1-7.3), mucinous histology (OR, 2.8; 95% ClI, 1.7— 4.8), poor differentiation (OR,
1.9; 95% Cl, 1.2-3.1), Crohn’s-like reaction (OR, 1.9; 95% CI, 1.2-2.9), and diagnosis before age
50 years (OR, 1.9; 95% Cl, 1.3-2.9). MsPath score > 1.0 had a sensitivity of 93% and a specificity
of 55% for MSI-H.

Conclusions—The probability an individual colorectal cancer is MSI-H is predicted well by the
MsPath score. There is little value in testing for DNA mismatch repair loss in tumors, or for germline
mismatch repair mutations, for colorectal cancers diagnosed in patients before age 60 years with an
MSPath score <1 (approximately 50%). Pathology can identify almost all MSI-H colorectal cancers
diagnosed before age 60 years.

Lynch syndrome (often termed hereditary nonpolyposis colorectal cancer) is caused by
germline mutation of a DNA mismatch repair (MMR) gene, most notably MLH1 or MSH2.1:
2 Although only around 2% of all colorectal cancers are attributable to germline MMR
mutations, the early onset of malignancy in carriers is responsible for a major loss of years of
life. In addition, the identification of a case of Lynch syndrome has clinical implications for
approximately 50% of their first-degree relatives. It is, therefore, potentially important to be
able to identify subjects with Lynch syndrome because they and their relatives can be offered
colonoscopic surveillance, which has been shown to prevent cancers and reduce mortality for
carriers of pathogenic germline mutations. 3 High frequency of DNA microsatellite instability
(MSI-H) and loss of MMR protein expression by immunohistochemistry (IHC) are very
sensitive markers for identifying tumors occurring in Lynch syndrome.# However, testing for
loss of DNA MMR in all cases of colorectal cancer that present within the community would
be a very nonspecific and expensive way to identify cases of Lynch syndrome because most
colorectal cancers with MSI do not occur as a result of an inherited germ-line mutation in an
MMR gene (frequently described as “sporadic” MSI-H colorectal cancers) and therefore are
not cases of Lynch syndrome.5

The Amsterdam criteria were established to identify Lynch syndrome for multiple case families
presenting to high-risk clinics for research purposes and were based on family cancer history.
6 The original and revised Bethesda guidelines were developed to help identify Lynch
syndrome families by categorizing colorectal cancer cases, presenting in a community setting,
by molecular evaluation using MSI testing or IHC analysis (Table 1).”~9 The incorporation in
the Bethesda guidelines of testing for DNA MMR status in colorectal cancers diagnosed at an
early age and/or in association with a suggestive personal or family history was designed to
provide a sensitive test for Lynch syndrome while excluding colorectal cancers not due to
germline mutations in MMR genes.

The revised Bethesda guidelines include the presence of one or more pathology features shown
to be associated with MSI status,19-19 namely the presence of tumor-infiltrating lymphocytes,
a Crohn’s-like lymphocytic reaction, mucinous or signet ring differentiation, and a medullary
or undifferentiated and solid growth pattern.® The revised Bethesda guidelines do not provide
details on the predictive value of these features, either alone or in combination, but recommend
MSI testing and/or IHC testing for DNA MMR proteins for all colorectal cancers diagnosed
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in patients before age 50 years and for those colorectal cancers diagnosed in patients between
the ages of 50 and 59 years that have one or more of these pathology features. Tumor pathology
may therefore be useful for triaging tumors for testing for loss of MMR function and to facilitate
the diagnosis of some later-onset colorectal cancers with “likely Lynch syndrome” with little
or no other suggestive personal or family history. It is not known what proportion of a
population-based series of colorectal cancer meet the revised Bethesda criteria for MSI testing.
Primarily this is because there have been no studies testing any series of cases for all 5 of the
guidelines listed in Table 1. The guideline most underused is pathology, hence the need for
this study.

The aim of this study was to identify the pathology and other features that independently predict
DNA MMR deficiency, as defined by having MSI-H, using a large population-based study of
colorectal cancers diagnosed in patients before the age of 60 years and to develop a scoring
system to assist clinical decision making.

Materials and Methods

Subjects

A population-based series of men and women diagnosed with colorectal cancer before the age
of 60 years was recruited into the Colon Cancer Family Registry, a National Cancer Institute—
supported consortium established in 1997 to create a comprehensive collaborative
infrastructure for interdisciplinary studies of the genetic and molecular epidemiology of
colorectal cancer (detailed information about the registry is available at
http://epi.grants.cancer.gov/CFRY/). Briefly, colorectal cancer cases were recruited from 1997
to 2003 from local state or regional cancer registries in the following locations: Fred
Hutchinson Cancer Research Center, Seattle, Washington (Seattle); University of Melbourne,
Melbourne, Victoria, Australia (Melbourne); Cancer Care Ontario, Toronto, Ontario, Canada
(Ontario); Mayo Clinic, Rochester, Minnesota (Mayo); and University of Hawaii Cancer
Research Center, Honolulu, Hawaii (Hawaii). Eligibility was all cases (Seattle), all cases
diagnosed before age 45 years and one half of cases diagnosed between ages 45 and 59 years
(Melbourne), all cases with >1 first- or second-degree relatives with colorectal cancer and one
fourth of all other cases (Ontario), all cases diagnosed before age 50 years or with >1 first- or
second-degree relative with colorectal cancer and one third of all other cases (Mayo), and all
cases with >1 first-degree relatives with colorectal cancer (Hawaii). Subjects were asked to
provide consent to access their tumor tissue and to donate a blood sample.

Measurement of MSI

All colorectal cancer tumors were tested for MSI status using 10 DNA microsatellite markers
(BAT25, BAT26, BAT40, BAT34C4, D5S346, D175250, ACTC, D18S55, D10S197, and
MYCL) as described previously.20 Immunostaining for the DNA MMR proteins MLH1,
MSH2, MSH6, and PMS2 was undertaken as described previously.21 Only cases with 5 or
more evaluable microsatellite markers were included. Those showing instability in at least 30%
of those tested were classed as MSI-H. Cases with no evaluable markers showing instability
were classed as microsatellite stable (MSS), and the remainder was classed as MSI-low (MSI-
L).

Measurement of Pathology and Other Features

Eight pathologists at the locations participated in the scoring of features while blinded to MSI
status. The features included histology subtype (adenocarcinoma, mucinous carcinoma, signet
ring cell carcinoma, and medullary carcinoma), degree of differentiation (poor vs other),
presence of tumor-infiltrating lymphocytes (yes or no), and presence of Crohn’s-like
lymphocytic reaction (yes or no). Mucinous carcinoma was defined as at least 50% of the tumor
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area comprising secretory mucin. Signet ring cell carcinoma was defined as at least 50% of the
tumor composed of signet ring cells. Medullary carcinoma was defined as a tumor that was
poorly differentiated or undifferentiated and composed of masses of cells circumscribed with
a well-circumscribed margin and a marked lymphocytic infiltrate that was both peritumoral
and intratumoral. Poor differentiation was defined as a tumor with at least some glandular
structures and/or mucin production but the glands were highly irregular and difficult to discern.
The grade of differentiation was based on the least differentiated area and not the predominant
appearance but excluded dedifferentiation or tumor budding at the invasive margin. Tumor-
infiltrating lymphocytes were scored as present when there were at least 5 intra-epithelial
lymphocytes in at least one high-power field (40x) and at least 10 high-power fields had been
thoroughly searched. A Crohn’s-like lymphocytic reaction was scored as present when at least
4 nodular lymphoid aggregates were counted in a low-power field (4x) beyond the advancing
edge of the tumor and generally within the subserosa or mesenteric fat.

At least one pathologist from each location participated in discussions regarding definition of
the histologic entities. Typing and grading of colorectal cancers was based on the World Health
Organization tumor classification. 22 Despite the standardization of pathology scoring, which
applied strictly to classifying the presence of tumor-infiltrating lymphocytes and Crohn’s-like
lymphocytic reaction, there were small differences in approaches across the 5 centers. In the

2 largest recruiting locations (Seattle and Melbourne), only a single representative tumor block
was available for analysis and the more well-established pathology features (type and grade)

were therefore extracted from original pathology reports, while in other locations these features
were reassessed according to the previous definitions. Anatomic site and age at diagnosis were
abstracted from cancer registry forms.

Only tumors for which at least 5 DNA microsatellite markers were evaluable, and for which
anatomic site and all relevant pathology features could be determined, were included.

Statistical Methods

Proportions were compared using Pearson y? test statistics or Fisher exact test when the smallest
cell had <10 observations. All nominal P values were 2-tailed. Sensitivity and specificity for
MSI-H (vs MSI-L and MSS combined) were estimated, with 95% confidence intervals, for
each feature using standard definitions.23 Using all data, unconditional multiple logistic
regression was used to measure the association between the tumor being MSI-H and each of
the pathology features and age at diagnosis while adjusting for all features and age at diagnosis.

Development of the MsPath model to predict MSI-H

We developed the model using the data of North American participants (Seattle, Ontario, Mayo,
and Hawaii recruitment) and assessed the model on the independent Australian data
(Melbourne recruitment). Using the data from the North American cases, unconditional
multiple logistic regression was used to model the probability that the tumor was MSI-H as a
function of the pathology features and age at diagnosis. Model selection was based on forward
selection and confirmed by backward elimination. Interactions between pathology features and
age at diagnosis were tested.

Based on the results of the logistic regression analysis, we developed a model to estimate MSI-
H probability called “MsPath” (Microsatellite instability by Pathology). The development of
the MsPath model is described in detail in Results.
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Validation of the MsPath model to predict MSI-H

Results

The fit of the model was assessed using the Australian data, which are independent of the North
American data that were used to develop the model. Validation was based on tests for
underestimation or overestimation or dispersion as described by Cox and Snell24 and applied
by Apicella et al?> and by estimating the area under the curve of the receiver operating
characteristic curve and its 95% confidence interval. An area under the curve value >0.8 is
considered a good test in terms of ranking the tumors according to their likelihood of being
MSI-H. All statistical computations were performed using Stata (Stata Corp, College Station,
TX).

Of the 1098 eligible colorectal cancer tumors (Seattle, 386; Melbourne, 361; Ontario, 157;
Mayo, 149; Hawaii, 45), 15% were MSI-H, 12% MSI-L, and 73% MSS. The distribution of
MSI status did not differ across recruitment sites (P = .4).

The proportion of tumors that were MSI-H decreased from 24% for those diagnosed before
age 40 years to 12% for those diagnosed between ages 55 and 59 years.

Table 2 shows that 36% of tumors were right sided, 11% were mucinous or of other
nonadenocarcinoma histology (10 were signet ring and one was medullary), 21% were poorly
differentiated, 28% had a Crohn’s-like lymphocytic reaction, and 26% had tumor-infiltrating
lymphocytes. Forty-three percent were diagnosed in patients before age 50 years.

Table 2 shows that tumors were more likely to be MSI-H if they were right sided, mucinous
or other, poorly differentiated, having Crohn’s-like lymphocytic reaction, having tumor-
infiltrating lymphocytes, or diagnosed in patients before age 50 years. After adjusting for all
features, the odds of a tumor being MSI-H were approximately 9 times higher if the tumor had
infiltrating lymphocytes and approximately twice as high if it was poorly differentiated, with
odds ratios for other features between 3 and 5. Tumors having at least one of the predictive
features were about 20 times more likely to be MSI-H than tumors with none of the predictive
features.

Table 2 also shows that the most sensitive features for MSI-H were tumor-infiltrating
lymphocytes or right-sided location, with about three fourths of MSI-H tumors having each of
these characteristics. All features were specific for MSI-H, particularly histologic type, with
approximately 90% of adenocarcinomas (nonmucinous) being either MSI-L or MSS.

Of the 201 tumors with none of the predictive features, 199 (99%) were MSI-L or MSS. Only
2 tumors (0.2% of all tested) had none of the tested features yet were MSI-H according to the
MSI definition used. One of these tumors, diagnosed in a patient at age 55 years, was unstable
for 30% of markers (D175250, ACTC, D10S197), and one diagnosed in a patient at age 52
years was unstable for 60% of markers (D5S346, D175250, ACTC, MYCL, D18S55,
D10S197). Neither showed instability in mononucleotide markers (more specific for DNA
MMR deficiency) or loss of MMR protein expression by IHC (MLH1, MSH2, MSH6, PMS2).

Development of the MsPath Model

Table 3 shows that, using the North American data, when all predictive features were included
in a multivariate model, all remained statistically significant predictors.

Tosimplify the logistic model displayed in Table 3, we rounded the 3 coefficients. The resulting
model is shown in Figure 1. The total MsPath score was calculated on the log odds scale and
was converted to a probability by the formula 1/(1+e~(MsPath score=4.31)) Thjs js readily done
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for categories of scores using the MsPath conversion scale at the bottom of Figure 1 and is also
presented in Table 4.

For example, a tumor with none of the features diagnosed between the ages of 50 and 59 years
would have an MsPath score of 0, which corresponds to a probability of MSI-H of 1%. That
is, MsPath predicts that only one in 100 cases with none of these features will be MSI-H. A
right-sided, poorly differentiated, mucinous tumor diagnosed in a patient before age 50 years
would have an MsPath score of 4.0 (would be higher if it also exhibited Crohn’s-like reaction
of tumor-infiltrating lymphocytes), which corresponds to a 41% probability of MSI-H.

Validation of the MsPath Model

A predictive model developed on the North American tumors was shown to be valid when
tested against the Australian tumors. It predicted 45 MSI-H cases overall compared with the
observed 42, and within each of 6 risk categories (probability of MSI-H <3%, 3%—-9%, 10%—
24%, 25%—-49%, 50%—74%, and >75%) the predicted versus observed numbers of MSI-H
cases were 3 versus 3, 3 versus 2, 9 versus 7, 11 versus 12, 11 versus 10, and 9 versus 8,
respectively. There was no evidence for overestimation or underestimation (P = .5) or
dispersion (P = .4), and Figure 2 shows the area under the curve was 89% (95% confidence
interval, 83%—94%).

If we tested for MSI-H only the Australian tumors with at least one predictive feature (ie,
MsPath score >0), we would have identified 98% of tumors with loss of MMR function
(sensitivity). This would avoid the unnecessary testing of 28% of all tumors with no loss of
MMR function (specificity) (see Figure 2).

If MSI testing were conducted for all tumors with an MsPath score cutoff of 1.0 (ie, right sided,
or mucinous tumors, or tumors with infiltrating lymphocytes, and all tumors at least 2 features
present), then 93% of the Australian MSI-H tumors would be tested (sensitivity) without having
to test 55 of tumors not MSI-H (specificity). Among the 181 Australian colorectal cancers not
meeting this cutoff (50% of all tumors), only 3 were MSI-H (7% of all MSI-H tumors). IHC
testing of these 3 tumors showed no loss of expression of a DNA MMR protein. Given the
distribution of MSI-H and pathology features among the Australian tumors, we would detect
all MSI-H colorectal cancers with unequivocal deficiency of DNA MMR by testing only 50%
of tumors. Table 4 shows that for patients with colorectal cancer aged younger than 50 years
at diagnosis, we estimate that 59% of tumors would have an MsPath score of >1.0, meaning
that 41% of such tumors would not need to be screened for MSI. For cases aged between 50
and 59 years at diagnosis, 43% exceeded the MsPath cutoff and 57% would not require MSI
testing.

Discussion

The identification of patients likely to be carrying a germline mutation in a DNA MMR gene
(Lynch syndrome) is important; however, universal molecular testing of all colorectal cancers
would be expensive and time consuming. Use of family history of cancer as a predictive marker
is insensitive and can be difficult to assess accurately in a clinical setting. Particular pathology
features of colorectal cancers have previously been associated with MSI-H status in the setting
of Lynch syndrome10:26 and in series unselected for family history and likely to comprise
mainly MSI-H colorectal cancers not caused by germline MMR mutations (often referred to
as “sporadic”).12716:18:19 We have developed the MsPath score that uses easily assessable
clinicopathologic characteristics to capture all MSI-H colorectal cancers presenting in patients
younger than 60 years, the age group most likely to be associated with Lynch syndrome, while
ruling out colorectal cancers that are highly unlikely to be MSI-H. We show that the probability
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of atumor being MSI-H can be estimated at pathology review at no additional cost and indicate
how a simple scoring system can then be used to triage tumors for MSI or IHC testing.

For example, for cases diagnosed in patients younger than 50 years (all of which should be
tested for MSI or by IHC according to the Bethesda guidelines), we found, in the independent
validation data, that only approximately 60% equaled or exceeded our recommended MsPath
score of 1.0 (Figure 2), leaving 40% that we suggest would not require MSI testing. For cases
diagnosed in patients between 50 and 59 years, we estimate approximately 60% would not
need to be tested. Importantly, the few MSI-H colorectal cancers missed by a cutoff MsPath
score of 1.0 were unlikely to be due to MMR deficiency. They showed instability in only 30%-—
40% of markers, and none of the 8 markers mutated in the 3 tumors were a highly specific
mononucleotide marker. Furthermore, none of these tumors showed loss of expression of a
DNA MMR protein. These findings validate the inclusion of pathology features in the Bethesda
guidelines.® We have recommended a cutoff MsPath score of 1.0 to maximize the specificity
while maintaining a high sensitivity, because it is important not to miss MSI-H cases.

The principal advantage of our multivariate predictive model is its ability to exceed the
sensitivity and specificity of models based on individual items taken alone. Some of the features
in the MsPath model, such as mucinous differentiation, are more specific for MSI-H status,
while others, such as presence of tumor-infiltrating lymphocytes and anatomic subsite, are
more sensitive.

The biological explanations for the distinctive morphology of MSI-H colorectal cancer are not
well understood. Colorectal cancers secreting abundant mucin have been associated with
precursor lesions that also show abundant mucin secretion,2’ such as villous adenomas in the
case of Lynch syndrome?8 and serrated polyps in the case of MSI-H colorectal cancers outside
Lynch syndrome. 29 The increased lymphocytic reaction in MSI-H colorectal cancer may be
caused by the enhanced immunogenicity associated with the generation of mutant proteins
transcribed from genes with frameshift mutations. 3%:31 Alternatively, MSI-H colorectal
cancers may fail to elaborate Fas ligand implicated in the counterattack by malignant cells on
contact with lymphoid cells.32 Loss of CDX2 expression has been linked with poor
differentiation and particularly with the undifferentiated variant described as medullary
carcinoma.32 Only one medullary carcinoma was diagnosed in this study, but it is likely that
examples with focal glandular differentiation would have been included in the poorly
differentiated subset.

Our study was based on colorectal cancers selected in a population-based manner at locations
in 3 countries. Multiple pathologists using a combination of data from pathology reports and
pathology reviews reported different distributions for the pathology features used in the final
model. Such differences are expected, given the spectrum of pathologist training and
experience. Despite such differences, the model we have developed appears robust, even when
comparing across continents. Therefore, our results are likely to be generalizable and indicate
that the MsPath scoring should be widely reproducible as a triage procedure for prioritizing
colorectal cancers for MSI testing. Our sample size was large, and we used a relatively limited
set of variables in constructing our statistical model. We found strong evidence for validity by
generating the model on the North American data and validating it against the Australian data.
Nonetheless, independent validation of the model in other samples is warranted.

Of patients younger than 60 years diagnosed with an MSI-H colorectal cancer, up to 50% may
be due to Lynch syndrome.20:3* In a recent population-based study, 16 colorectal cancer cases
diagnosed before the age of 60 years were shown to have an MSI-H tumor; of these, 10 (63%)
had a deleterious germline mutation in a DNA MMR gene, while 6 (37%) had methylation of
the MLH1 promoter.3% MLH1 methylation is a highly age-related process,3¢ and most MSI-H
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colorectal cancers outside Lynch syndrome are diagnosed after the age of 60 years. Therefore,
the use of the MsPath score for directing subsequent MSI analysis should provide a reasonably
specific, as well as highly sensitive, screening test for Lynch syndrome.

The extent to which pathology features may identify examples of Lynch syndrome that are
overlooked by other Bethesda guideline criteria cannot be determined in this study. However,
when germline status of this study sample is known, it will be possible to compare the
performance of the pathology component of the Bethesda guidelines with the other Bethesda
guideline components for identifying MMR gene mutation carriers. It should be noted that the
MsPath model cannot be used to detect the rare occurrence of a pathogenic MMR gene mutation
that does not result in MMR deficiency.3’

The distinction between early-onset MSI-H colorectal cancers not due to Lynch syndrome and
those that are due to Lynch syndrome remains a problem for both clinicians and laboratory
scientists. Although initially combined as an otherwise indistinguishable entity, these subsets
of MSI-H colorectal cancer differ with respect to both pathogenesis and genotype.38=41 The
subset of MSI-H colorectal cancers outside Lynch syndrome is characterized by frequent
mutation of BRAF and wide-spread DNA methylation.3® Although the pathology features may
be shared across the 2 subtypes, certain features such as lymphocytic infiltration may be more
frequent in Lynch syndrome, while others, such as mucinous differentiation, may be more
common in the subset outside Lynch syndrome.38:41 When information with respect to
germline mutations, MLH1 methylation, and BRAF mutation status becomes available, it may
be possible to identify subtle differences in pathology and modify the MsPath model
accordingly. It may then function as a much more specific indicator of Lynch syndrome.

This study did not consider colorectal cancers diagnosed after the age of 60 years. To identify
late-onset cases of Lynch syndrome, the Bethesda guidelines rely exclusively on personal or
family history. However, just as the MsPath model may identify colorectal cancers diagnosed
in patients before age 60 years that do not require MSI testing, it is possible that the MsPath
model could also be applied to later-onset colorectal cancers but meeting other Bethesda
guideline criteria. However, it would be inappropriate to exclude tumors from MSI testing on
the basis of the MsPath model when the family history was strongly suggestive of Lynch
syndrome. Refinements of the MsPath model that would allow distinction between Lynch
syndrome versus “sporadic” MSI-H colorectal cancers might permit the recognition of later-
onset Lynch syndrome colorectal cancers. This would be a useful contribution given the later
age at onset of Lynch syndrome colorectal cancers in the population setting.42

Loss of MSH2 expression serves as strong evidence of an MSH2 germline mutation.2? The
finding of BRAF mutation or methylation of MLH1 would argue against a diagnosis of Lynch
syndrome40:43:44 but may occur in the context of the recently described “serrated pathway
syndrome.” 4° Rarer mechanisms for MSI-H status not caused by germline MMR mutations
should also be considered, for example, somatic 2-hit inactivation of a DNA MMR gene or
germline hemiallelic methylation (epimutation) of MLH1.46—48

Although we used MSI testing as the primary measure of DNA MMR proficiency, we would
also expect our model to predict IHC, because it is highly correlated with MSI.21 Most hospital-
based laboratories would favor IHC as the first line of testing® because this approach already
has very wide diagnostic applications and IHC has the advantage of being routinely available
in diagnostic laboratories as well as having the potential for pinpointing the causative gene. If
the results are unequivocal, there is no need to undertake confirmatory MSI testing.4° This

study has also highlighted a gray zone in the separation of MSI-L and MSI-H as indicated by
the 3 MSI-H cases that would have been missed by the cutoff MsPath score of 1.0. The inclusion
of nonmononucleotide markers in the MSI panel carries the risk of overdiagnosing bona fide
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DNA MMR repair deficiency; a fact that is now formally recognized in the revised Bethesda
guidelines.® With the recognition of such likely overdiagnosed MSI-H cases, the MsPath model
has a sensitivity approaching 100%.

The Bethesda guidelines were developed specifically for identifying patients with possible
Lynch syndrome. Therefore, those guidelines and our MsPath score are not intended for the
identification of other forms of hereditary colorectal cancer.

In conclusion, this study adds to the growing literature demonstrating the feasibility of
population-based screening for Lynch syndrome.#50-52 The present study has validated the
inclusion of pathology features within the Bethesda guidelines and shown that the new MsPath
model can be used to effectively separate colorectal cancer tumors highly unlikely to be MSI-
H from those with a possibility of being MSI-H in a community setting. The features utilized
in MsPath may be obtained with a minimum of time, training, and expense, and the risk of
MMR deficiency can be estimated without using complex calculations or acomputer. By means
of the MsPath model, expensive and unnecessary special investigations can be avoided. Finally,
the MsPath model provides a screening instrument for identifying Lynch syndrome in subjects
aged 50 — 60 years who lack a suggestive family history.
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For each feature of the diagnosis and the colorectal tumor listed below, identify
those that are relevant and then write the corresponding coefficient in the score
box alongside. Add all the scores to obtain MsPath score, then use the MsPath
conversion scale to give the estimated probability that the tumor is MSI-High.
PATHOLOGY FEATURE coefficient SCORE
AGE AT DIAGNOSIS

KO0 WOANS - wvvvne sissnssssraiaspeas (is essnse canrarises 0.7

B0 YOS OF OVE ius v svsimvssinsurssmene sy asissasswsy 0.0
ANATOMICAL SITE

cecum, ascending colon or transverse colon..... 1.6

descending, sigmoid or rectum....................... 0.0
HISTOLOGIC TYPE

mucinous, signet ring or undifferentiated........... 1.1

adenoCcarCiNOMA.......c...uvuveeieeecineneeeeeans 0.0
GRADE

(o107 T\ 0L (17100 11 = o P ———————— 0.6

moderately or well differentiated..................... 0.0
CROHN-LIKE REACTION

Yes (Present).......cc.eeeuriveieiiniiiinninneieinennn 0.5

no (absent)........cooeiiiiiii 0.0
TUMOR INFILTRATING LYMPHOCYTES

VeB (PreseNt). .. sisvsssimssivis or sinvennvanisnsaanssrin 2.1

N0 {ABSENL). ..siussicrinnsnrsensimssnssinanispissssrses 0.0

MsPath
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(Total) s

MsPath score
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 45 5.0 55 6.0 6.6

! I I ] i
A 1804 9 20 s 600/

Probability of MSI-H

Probability
of MSI-High

Figure 1.
Estimation of the probability that a colorectal tumor from a case diagnosed before age 60 years
is MSI-H based on age at diagnosis and the site and pathology features of the tumor.
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Figure 2.

Receiver operating characteristic curve displaying the sensitivity and specificity for each
MsPath score (given in body of plot) used for a cutoff for testing for MSI-H. Plot is for the
Australian validation data set.
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Table 1
Bethesda Guidelines (Revised)

1. Colorectal cancer diagnosed before age 50 years
2, Multiple colorectal cancer or HNPCC-related cancers®

3. Colorectal cancer with MSl-related histologyb diagnosed before age 60 years
4.  Colorectal cancer or HNPCC-related cancer diagnosed in at least one first-degree relative before age 50 years

5. Colorectal cancer or HNPCC-related cancer diagnosed in at least 2 first- or second-degree relatives at any age

NOTE. Any criterion (1-5) can be met.

HNPCC, hereditary nonpolyposis colorectal cancer.
a . . - . . . ’
Includes cancer of endometrium, small bowel, pelviureter, biliary tract, stomach, ovary, pancreas, or brain (mainly glioblastoma multiforme).

bTumor-infiltrating lymphocytes, Crohn’s-like lymphocytic reaction, mucin/signet ring cell differentiation, medullary growth pattern.
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Regression Coefficients (B) (and SE), Odds Ratios (and 95% Confidence Intervals), and Nominal Significance
Levels for Potentially Predictive Factors for MSI-H, Derived From Multiple Linear Logistic Regression Using

the North American Data

Pathology B (SE) Odds ratio P value
(95% confidence
interval)@
Baseline —4.31 (0.32) <.001
Diagnosis before age 50 years 0.67 (0.25) 2.0(1.2-3.2) .007
Right-sided 1.64 (0.26) 5.2 (3.1-8.6) <.001
Mucinous or other 1.06 (0.30) 2.9(1.6-5.2) <.001
Poorly differentiated 0.61(0.26) 1.8(1.1-3.1) .02
Crohn’s-like lymphocytic reaction 0.54 (0.26) 1.7 (1.0-2.8) .04
Tumor-infiltrating lymphocytes 2.09 (0.26) 8.1(9.9-13.4) <.001

aAdjusted for all other features.
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