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Role of the pathologist in the diagnosis of

hereditary non-polyposis colorectal cancer
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Abstract. The aim of this paper is to indicate how the pathologist may suspect a diagnosis of hereditary non-polyposis colorectal

cancer (HNPCC) on the basis of histological criteria and patient age alone. A single morphological feature, namely the presence

of intra-epithelial lymphocytes (tumor infiltrating lymphocytes), identifies the majority of colorectal cancers (CRC) with the

DNA microsatellite instability-high phenotype. A number of pathological criteria can help to distinguish HNPCC from sporadic

MSI-H CRC, though age below 60 years is an important pointer towards HNPCC. Immunohistochemistry to demonstrate loss of

expression of DNA mismatch repair genes serves as a highly reliable test of mismatch repair deficiency if antibodies to hMLH1,

hMSH2, hMSH6 and hPMS2 are employed.
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1. Historical perspectives

In a number of respects it is ironic that the earli-

est records of hereditary non-polyposis colorectal can-
cer (HNPCC) can be traced back to the work of a

pathologist (Aldred Warthin) [1]. Pathologists do not

normally interact directly with patients or their fami-
lies. Familial disorders, including cancer family syn-

dromes, are often associated with dysmorphic or cuta-

neous manifestations that may be recognized by physi-
cians such as geneticists or dermatologists. However,

when the phenotype includes uncommon or unusual

tissue alterations affecting different internal organs, the
pathologist is in a position to deduce that the seem-

ingly unrelated features are in fact the result of an in-

herited syndrome. Examples of familial cancer syn-

dromes first recognized by pathologists are multiple en-
docrine neoplasia and the Beckwith-Wiedemann syn-

drome featuring such rare types of tumor as medullary

carcinoma of the thyroid and renal nephroblastoma
respectively [2,3].
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In the case of HNPCC the internal malignancies are

neither uncommon nor especially unusual in terms of

their histological appearances. Nevertheless, Warthin

developed the practice of linking a histopathological

diagnosis with a family history and even conducted his

work on samples that were representative of the general

population of the State of Michigan. He also had the

advantage of the personal knowledge of an individual,

his seamstress, who correctly predicted her early death

from an internal malignancy. A measure or irony may

also be attached to the fact that when Warthin first doc-

umented ‘family G’, shown many years later to carry

a DNA mismatch repair gene, colonic cancer was not

well represented among the internal malignancies [4].

The latter comprised gastric cancers (seven cases) and

endometrial cancer (ten cases). The final irony was that

over 80 years were to pass before other pathologists

were to demonstrate any interest in HNPCC. Despite

the dogged determination of Lynch to thoroughly docu-

ment the clinical features of HNPCC and thereby high-

light its reality as a clinical entity [5–7], HNPCC was

overshadowed by a different form of hereditary colon

cancer – familial adenomatous polyposis (FAP). FAP

is rarer than HNPCC, but is associated with more obvi-

ous and unusual tissue manifestations in terms of hun-
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dreds if not thousands of colonic polyps, fibromatosis

or desmoid disease, as well as colorectal cancer (CRC).

In the following, it will be shown that CRC in HN-

PCC is not identical with the common forms of large

bowel malignancy, but may be distinguished on the

basis of morphological and immunohistochemical fea-

tures. The pathologist is now in a position to suspect a

diagnosis of HNPCC on the basis of histological find-

ings alone.

2. Morphology of colorectal cancer in HNPCC

A review of 140 colorectal cancers derived from

members of 34 families that fulfilled the Amsterdam

criteria showed a greater than expected proportion of

cases with mucinous differentiation (19%) and poor dif-

ferentiation (39%). A circumscribed or pushing inva-

sive tumor margin and peri-tumoral lymphocytic infil-

tration were not over-represented. However 13 (9%) of

the cancers were described as poorly differentiated with

a circumscribed margin and marked lymphocytic infil-

tration or as ‘medullary’ [8,9]. CRC with this combina-

tion of features and showing an unexpectedly favorable

clinical outcome had been described previously, includ-

ing in young subjects [10]. These tumors have also

been described as ‘lymphoepithelioma-like’ and may

arise within the dome or M-cell epithelium that overlies

mucosa associated lymphoid tissue [11,12]. While it

was interesting that HNPCC cancers showed histolog-

ical differences from usual CRC, it was concluded that

the presence of such features was less important than

family history or age at onset for reaching a diagnosis

of HNPCC [8].

Following the recognition of the mutator pheno-

type [13], families meeting the Amsterdam criteria

were grouped according to whether CRC were DNA

microsatellite instability-high (MSI-H) or not [14].

Cancers that came from members of Amsterdam fam-

ilies in which two or more cancers were found to be

MSI-H showed the clinical and pathological features

that have come to be associated with HNPCC: (1) prox-

imal anatomic location, (2) multiple colorectal can-

cers, (3) poor differentation (including medullary pat-

tern), (4) mucinous differentiation, (5) lower frequency

of lymph node metastasis, and (6) lower frequency of

DNA aneuploidy [14]. By contrast, these features were

not over-represented in Amsterdam positive families in

which CRC were microsatellite stable (MSS). By this

stage, many clinicians and scientists were beginning to

equate HNPCC with a specific syndrome caused by the

inheritance of a germline mutation in one of four DNA

mismatch repair genes: hMSH2, hMLH1, hMSH6 and

hPMS2 [15]. The use of MSI-H status as a biomarker

showed that the Amsterdam criteria were not specific

for an inherited disorder of DNA mismatch repair defi-

ciency [14].

Ascertainment of subjects with CRC on the basis

of young age at onset led to the detection of germline

mutations in DNA mismatch repair genes in subjects

who did not meet the Amsterdam criteria [16]. Sin-

gle cases of HNPCC may occur as the result of small

family size, concealment of a positive family history,

lack of disease penetrance, adoption, non-paternity or

a new mutation. A strong family history of colorectal

cancer therefore lacks sensitivity as well as specificity

for HNPCC [17]. The Amsterdam criteria are simple

and inexpensive to apply for the purposes of ascertain-

ing high-risk families. However, it is not acceptable to

equate the fulfillment of the Amsterdam criteria (or any

clinical criteria) with a specific genetic disorder [18].

The unfortunate and widespread practice of defining

HNPCC on the basis of meeting a limited set of clinical

criteria has generated considerable confusion.

3. Bethesda guidelines

The demonstration of MSI-H status is highly sensi-

tive for HNPCC but is costly and lacks specificity. This

is because between 10 and 15% of sporadic colorec-

tal cancers are MSI-H. Immunohistochemical stain-

ing for DNA mismatch repair proteins is also costly.

The Bethesda guidelines were designed to limit MSI

testing to cancers that would be highly likely to be

HNPCC-related if found to show the MSI-H pheno-

type [19]. The guidelines absorbed all forms of avail-

able evidence, including histopathological criteria, in

attempting to achieve the goal of a cost-effective ba-

sis for MSI testing. However the selected histological

features: (1) proximally located undifferentiated CRC

with a solid or cribriform architecture, and (2) signet

ring cell carcinoma, were limited and based on rela-

tively little prior validation. In a subsequent study of

MSI-H CRC, there was poor inter-observer agreement

on cribriforming and the feature was in fact observed

more frequently in non-MSI-H CRC [20]. Further-

more, histological features in the Bethesda guidelines

were redundant because they only applied to cancers

presenting up to the age of 45 years when presentation

up to this age was itself a recommendation for MSI

testing. In a second Bethesda guideline workshop it
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was agreed that the finding of particular morphological

features should serve as indication for MSI testing up to

the age of 60 years (see Section 6. below). The precise

nature of the pathological features was not stated. The

next section introduces the ‘tumor infiltrating lympho-

cyte’ (TIL) as the most important tissue biomarker for

HNPCC.

4. Tumor infiltrating lymphocytes

Most investigations of the predictive value of mor-

phological features for MSI-H status have focused on

sporadic as opposed to familial CRC (HNPCC). Where

the two types of MSI-H CRC have not been distin-

guished, sporadic MSI-H CRC will predominate. Mor-

phological features in addition to those listed above that

have been found to be discriminatory for MSI-H sta-

tus include a nodular or Crohn’s-like peritumoral lym-

phocytic reaction (mainly B lymphocytes) [21] and the

presence of intra-epithelial lymphocytes (mainly cyto-

toxic T lymphocytes) [22]. The latter were described

as tumor infiltrating lymphocytes (TILs) (Fig. 1) [22].

In a multivariate analysis based upon sporadic MSI-H

CRC that included anatomical location as a variable,

the most important variables were type (adenocarci-

noma, mucinous carcinoma and ‘medullary’ or ‘undif-

ferentiated’ carcinoma), proximal anatomical location,

poor differentiation, and TILs [23]. TILs were scored

as present or absent and were observed in only 1% of

non-MSI-H CRC but in 33% of MSI-H CRC [23]. TILs

were less frequent in mucinous carcinoma (15%), but

were useful in identifying MSI-H CRC from among the

non-mucinous adenocarcinomas.

Subsequent studies counted the number of TILs in

either haematoxylin and eosin (H&E) stained sections

or following immunohistochemical staining for the T

cell markers CD3 and/or CD8. In one study it was

found that when the number of CD3 positive cells was

less than 50 in an area of epithelium that included 1000

tumor and lymphocyte nuclei (5%), the tumors were

scored as TIL negative in H&E sections [24]. TIL

positive tumors were therefore defined on the basis of

a cut-off score of 5% or more. The proportion of TIL

positive cancers according to MSI-H status was 72%

(MSI-H), 30% (MSI-L) and 12.5% (MSS) [24]. Based

on counts of CD3 positive cells per 5 high power fields

(totaling 0.94 mm2), a second study established a cut-

off value of 8 TILs per high power field [20]. The

sensitivity of 8 CD3+ TILs per high power field for

diagnosing MSI-H cancers was 75% with a specificity

of 67% [20].

TILs are less easily identified in H&E sections and

somewhat lower cut-off values of 3, 0.7 and > 2 per

high power field were used in three independent stud-

ies [25–27]. In the study employing a cut-off of 0.7

TILs per high power field (which included a subset of

HNPCC CRC as well as sporadic MSI-H CRC), the

sensitivity and specificity of TILs for diagnosing MSI-

H status were 88% and 75% respectively [26]. In a sec-

ond study that employed a population-based series of

CRC with no enrichment by HNPCC, a cut-off of > 2

TILs per high power field resulted in 90% sensitivity

and 77% specificity for MSI-H [27]. The sensitivity of

histological prediction of MSI-H status was increased

to 100% in the last study by the addition of two further

variables: (1) any amount of mucinous differentiation,

and (2) absence of ‘dirty necrosis’ within glandular lu-

mina. It is clear that pathological features are very sen-

sitive for the identification of sporadic MSI-H cancers,

but the somewhat lower specificity and rarity of MSI-H

CRC in the general population means that the positive

predictive value is low. Assuming that the same vari-

ables can be used to diagnose HNPCC, the positive pre-

dictive value is diminished further by the comparative

rarity of HNPCC. The point has been made, however,

that around 50% of CRC can be excluded from test-

ing for MSI status on the basis of the rapid and inex-

pensive assessment of TIL counts [27]. The positive

predictive value for applying the test to HNPCC could

be improved by restricting the test to subjects below a

certain age.

5. Distinguishing HNPCC and sporadic MSI-H

CRC

It has often been assumed that sporadic CRC with

chromosomal instability is the non-familial counterpart

of CRC complicating FAP while sporadic CRC with

MSI is the non-familial counterpart of CRC in HNPCC.

It is likely that both assumptions are wrong or repre-

sent oversimplifications of the actual pathogenic mech-

anisms underlying each subtype of CRC. With respect

to the familial (HNPCC) and non-familial classes of

MSI-H CRC, it is a fact that the latter differ from the for-

mer in being more age-related, more common among

females, having a greater predilection for the proximal

colon, having a low frequency of dedifferentiation or

tumor budding at the advancing tumor margin, having a

lower frequency of mutation of APC, beta-catenin and
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Fig. 1. Numerous tumor-infiltrating lymphocytes (TILs) in a sporadic MSI-H colorectal cancer (H&E).

K-ras and showing a higher frequency of DNA methy-
lation [28–30]. While there is good evidence that most
HNPCC cancers develop in pre-existing adenomas [31,
32] most, if not all, sporadic MSI-H cancers develop
within serrated polyps (hyperplastic-like polyps, mixed
polyps and serrated adenomas) [33]. Both classes of
MSI-H cancer share the feature of DNA mismatch re-
pair deficiency. This is probably acquired at a very
early evolutionary stage in HNPCC [34] while occurs
at the point of transition from hyperplasia to dysplasia
in the sporadic pathway [33]. Nevertheless, the shared
and important step of DNA repair deficiency will re-
sult in some evolutionary convergence and therefore
phenotypic overlap between the two classes of MSI-H
CRC.

To what extent are the morphological features simi-
lar in HNPCC versus sporadic MSI-H CRC? It now ap-
pears that some of the generic morphological character-
istics of MSI-H cancers are observed more frequently
in HNPCC while others feature more strongly in spo-
radic MSI-H cancer. A marked mucinous component
has been reported in 35% [35], 43% [30], 36% [36],
and 31% [25] of sporadic MSI-H cancer (Fig. 2). When

a mucinous phenotype was defined on the basis of any
amount of secretory mucin production, this feature was
present in 67% of MSI-H cancers that were mainly spo-
radic [27]. On the other hand, mucinous differentiation
was observed in only 19% [8] and 22% [30] of prob-
able HNPCC cancers (not all proven by germline mu-
tation) and in a study of 64 cancers from subjects with
a proven germline mutation, mucin production was not
significantly increased as compared with CRC from

the general population [37]. Whilst mucinous cancers

are probably slightly over-represented in HNPCC, the

frequency of the finding may show inter-family differ-

ences. Mucinous carcinoma was reported in five mem-

bers of a single HNPCC family [38] and was noted to

be more common in families with hMSH2 as opposed

to hMLH1 germline mutation, though the difference

fell short of significance [37].

A CRC is mucinous merely because it recapitulates

the secretory mucinous phenotype of its precursor le-

sion. Adenomatous polyps show loss of mucin synthe-

sis with increasing epithelial dysplasia. Villous ade-

nomas often show abundant mucin production and are

found with increased frequency in HNPCC [31]. This

would account for the slightly increased frequency of

mucinous carcinoma in HNPCC. The mucinous carci-

nomas in HNPCC are often well differentiated and the

epithelium shows a strong similarity with the epithe-

lium of villous adenoma. The reason for the high fre-

quency of mucin production in sporadic MSI-H CRC is

also related to their histogenesis, specifically their ori-

gin within serrated polyps [33]. The latter show marked

up-regulation of secretory mucin that includes both in-

testinal (MUC2) and gastric (MUC5AC) mucin [39].

Sporadic mucinous MSI-H CRC is often moderately to

poorly differentiated, yet it may be possible to discern a

serrated architectural pattern despite the loss of differ-

entiation (Fig. 3) [30]. A particular architectural pat-

tern found in sporadic mucinous MSI-H CRC is that of

irregular chains or clusters of cells that appear to float in

mucin or form lace-like or spongiform structures [20].
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Fig. 2. Mucinous sporadic MSI-H colorectal cancer (H&E).

Fig. 3. Glandular serration in a sporadic MSI-H colorectal cancer (H&E).

Sporadic MSI-H cancers are more likely to be poorly

differentiated than CRC in HNPCC. There are probably

two reasons for this. First is the tendency for sporadic

MSI-H mucinous cancers to be poorly differentiated.

Second is the greater frequency of tumor heterogeneity

in sporadic MSI-H CRC [30]. If grading is based on

the most poorly differentiated area, the frequent finding

of poorly differentiated subclones in sporadic MSI-H

CRC will result in many such cases being labeled as

poorly differentiated. The distinctive undifferentiated

or medullary pattern is over-represented in both sub-

types of MSI-H CRC (Fig. 4) [9,40]. The pattern of

dedifferentiation at the invasive tumor margin known

as ‘budding’ is observed more frequently in HNPCC

than sporadic MSI-H CRC [28]. The policy of labeling

this alteration as poor differentiation would inflate the

number of poorly differentiated CRC in HNPCC.

While CRCs in HNPCC may be less likely than spo-

radic MSI-H CRCs to be classified as mucinous and

less likely to show poor differentiation, they are at least

as likely to show increased lymphocytic infiltration. In

fact, when HNPCC and sporadic MSI-H cancers were

compared without using any form of detailed cell count-

ing, the presence of TILs, peritumoral lymphocytes and



220 J.R. Jass / Role of the pathologist in the diagnosis of hereditary non-polyposis colorectal cancer

Fig. 4. Undifferentiated or medullary carcinoma from a subject with HNPCC (H&E).

a Crohn’s-like reaction was scored more frequently in
HNPCC CRC, though the difference was statistically
significant only for peritumoral lymphocytes [30]. This
means that the detailed validation of TIL counting in
sporadic MSI-H CRC will be transferable to HNPCC
and will be at least as effective in identifying CRC in
HNPCC as sporadic MSI-H CRC.

Whether the application of TIL counting is used to
identify CRC complicating HNPCC or all CRC with
MSI-H status, it is necessary to distinguish HNPCC
from sporadic MSI-H CRC for the purposes of clinical
management. This is generally straightforward when
there is a strong family history of CRC and the other
clinical manifestations of HNPCC. It is nevertheless
possible for MSI-H cancers to cluster in families in
which there is no germline mutation of a DNA mis-
match repair gene. This could be due to familial pre-
disposition to somatic DNA methylation and specif-
ically to methylation of hMLH1. A clue to such a
methylator background would be the finding of mutiple
hyperplastic polyps, mixed polyps or serrated adeno-
mas [41]. Additionally, there is a report of HNPCC
occurring through hypermethylation of hMLH1 in the

germline [42].
In the absence of family history, age at onset of CRC

will be an important discriminant. A number of stud-
ies have assumed that a significant proportion of early
onset MSI-H cancers are truly sporadic when there is
no strong family history of CRC. There are five co-
gent and interrelated reasons for questioning the pre-
sumption that early onset ‘sporadic’ MSI-H cancers are
truly sporadic (implying the lack of a germline muta-

tion in a mismatch repair gene). First is the fact that

the incidence of HNPCC peaks at around 45 years [6].

Second is the finding of germline mutations in DNA

mismatch repair genes in subjects presenting with early

onset ‘sporadic’ MSI-H colorectal cancer [16]. Third

is the evidence that methylation and/or loss of expres-

sion of hMLH1 in sporadic MSI-H cancer is strongly

age-related [43] Fourth is the fact that methylation of

hMLH1 may occur selectively in HNPCC cancers in

subjects who carry a germline mutation in hMLH1 [30].

Fifth is the finding of HNPCC-type molecular features

such as mutation of beta-catenin amongst early onset

‘sporadic’ MSI-H colorectal cancers [44]. In a series

of 57 sporadic MSI-H CRC, the mean age of subjects

was 74.5 years and the youngest subject was aged 57

years [30]. For this reason, it is likely that most MSI-H

cancers detected below the age of 60 years will be from

subjects with HNPCC, regardless of the presence or

absence of a family history of CRC.

6. Practical issues

The purpose of the Bethesda guidelines is to identify

CRC that present in subjects with an increased proba-

bility of being affected by HNPCC for further investi-

gation of a DNA mismatch repair defect. In the revised

Bethesda guidelines, the utilization of histopathologi-

cal features applies to all cancers presenting below the

age of 60 years [45]. The actual features were not spec-

ified, but the data presented above indicate that a single
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A

B

Fig. 5. Immunostaining of colorectal cancer from subject with HNPCC showing loss of expression of hMLH1 (A) and retained expression of
hMSH2 (B). Tumour infiltrating lymphocytes in 5A show retained expression of hMLH1 (avidin-biotin immunoperoxidase technique).

feature may be used in the case of HNPCC cancers: tu-

mor infiltrating lymphocytes (TILs). While medullary

carcinoma is highly sensitive for HNPCC (Fig. 4), this

type of cancer is associated with large numbers of TILs.

To maximize sensitivity, a positive intraepithelial lym-

phocyte count should be 7 or more unequivocal TILs

per 10 high power fields in an H&E stained section.

TILs have a slightly convoluted and dark staining nu-

cleus with a clear halo and are easily distinguished from

apoptotic epithelial cells and mitoses at high magnifi-

cation (Fig. 1). TILs are normally found in colorec-

tal epithelium and in epithelial polyps. Therefore the

count should not be made in intramucosal neoplasia

but only in unequivocally infiltrating carcinoma. The

most effective cut-off value may vary between opera-

tors who have different thresholds for recognizing an

unequivocal TIL.

The majority of HNPCC CRC presents below the

age of 60 years. Given the high sensitivity of TILs

for HNPCC, the pathologist is now in a position to

diagnose and initiate further work-up in nearly all new

cases of HNPCC. The diagnosis may also be suspected

on the basis of family history and young age at onset of

CRC. The application of histopathological features to

CRC presenting below the age of 50 years might appear

redundant given the fact that age below 50 years is a

criterion for further testing by itself. However, it would

not be appropriate for a pathologist to ignore a positive

TIL count merely because the patient was below 50

years. In fact, the combination young age at onset and
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a positive TIL count will increase the likelihood of a

diagnosis of HNPCC and the combination of the two

will strengthen the diagnostic safety net.

The application of immunohistochemistry may not

only confirm the suspicion of DNA mismatch repair de-

ficiency but can pinpoint the underlying mutated gene

(Figs 5(A) and (b)) [46–48]. Moreover loss of expres-

sion of hMSH2 and/or hMSH6 is probably synony-

mous with a diagnosis of HNPCC, since most, if not all,

sporadic MSI-H cancers are explained by silencing of

hMLH1 [49]. Therefore the pathologist may not only

suspect HNPCC, but may be able to achieve a working

diagnosis of a genetic condition that will have impor-

tant implications for the patient and the patient’s family.

According to the revised Bethesda guidelines, all CRC

presenting under the age of 50 should be tested for DNA

mismatch repair deficiency [45]. However, if the can-

cer lacks TILs and all other morphological biomarkers

of DNA MSI-H status, it is questionable if MSI testing

or immunohistochemistry should be undertaken.

7. Medicolegal issues

A pathologist is trained to provide an accurate and

comprehensive diagnosis of disease on the basis of the

inspection and special examination of tissues that are

submitted by a clinician. Guided by the pathologist’s

report, the clinician will in turn be in a position to

treat the patient in an effective and beneficial manner.

Increasingly, the unique structure of a person’s DNA

has come to be viewed as a codified version of the

person’s integrity and autonomy. A genetic diagnosis

should therefore only be reached with the consent of

the individual who can then stipulate than the genetic

information is confidential and limit the use to which

it is put. In the case of familial cancer, it is clear that

the withholding of genetic information can inflict pre-

ventable harm on multiple third parties. In the Safer

case that concerned the failure to warn the members

of an FAP family of their increased risk of CRC, the

Appeals Court in New Jersey considered the physician

to be acting as a family counselor and therefore respon-

sible for disclosing the hereditary nature of a patient’s

disease to at-risk family members. The decision of the

Appeals Court left open the possibility that a physician

may be held liable for failing to warn a third party even

in the situation in which there was insistence by the

patient that the genetic information be maintained in

confidence [50].

Where does this leave the pathologist encountering a

TIL positive colorectal cancer in a young subject? The

failure to diagnose HNPCC could in particular circum-

stances be the key error in the causation of preventable
harm and might therefore be construed as medical neg-

ligence. One option for the pathologist would be to

raise the possibility of HNPCC in the report without

undertaking the step of immunohistochemistry. The
clinician may then obtain the consent of the patient to

undertake further investigation that would include im-

munohistochemistry. On the other hand, TIL counting

and even the gross inspection of a colon from a sub-

ject with multiple polyps could be considered as forms
of ‘genetic testing’. Immunohistochemistry is a test

of phenotype rather than genotype and it is not known

if loss of a particular DNA mismatch repair gene is

tantamount to a diagnosis of HNPCC with 100% cer-
tainty. Performing immunohistochemistry at the time

of the routine diagnostic work-up is certainly more con-

venient for a laboratory and would probably increase

the likelihood that the stated suspicion of HNPCC in a
pathology report was followed up by appropriate coun-

seling and definitive investigation of the condition. It is

therefore my view that immunohistochemistry should

be initiated by the pathologist but that a positive result
should not be equated with a definite diagnosis of HN-

PCC. However, the pathologist should have discussed

this policy with the clinician as the latter may prefer to

obtain the consent of the patient before immunostaining
is instigated.
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