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3 The abbreviation used is: MST, Mucus Strip Test.
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Abstract

This report describes the evaluation of a chemical test
for T-antigen in rectal mucus as a screening test for
colon cancer. The test, called the Mucus Strip Test,
detects the disaccharide residue sialic acid-free fl-D-

Gal(1-�3)-D-GaINAc or T-antigen, which accumulates
in mucus from malignant cells and colonic mucosa
adjacent to cancer but not in normal mucosa.
Participants were an unselected case series of 660
persons undergoing colonoscopy, excluding those with
ulcerative colitis, polyposis, Crohn’s disease, or
nonspecific inflammatory bowel disease. In the first
study (n = 608) rectal mucus was collected after
preparation of the bowel for colonoscopy; in the
second study (n = 52) a modified protocol was used to
collect mucus approximately 2 weeks before
colonoscopy and again following preparation for the
procedure. Mucus Strip Test results were compared to
the diagnosis received after colonoscopy, which was
classified as cancer, adenomatous polyp(s), and others
(normal). Analyses were also stratified by previous
history of large intestinal disease, classified as previous
cancer; previous diagnosis of adenomatous polyp(s); or
others. In the first study, T-antigen was detected in
approximately 30% of mucus samples, and test results
were independent of both diagnosis at colonoscopy
and previous medical history. In the second study, T-
antigen was detected in 85% of samples collected
before and 96% of samples collected after preparation
for colonoscopy, but test results were again
independent of diagnosis and medical history.
Sensitivity and specificity for detecting neoplasia were
32% and 68% in the main study and 92% and 16% in
the supplementary study. Unlike some of the previous
studies that have evaluated the Mucus Strip Test, this
study found little evidence to support its use as a
screening test for colon cancer.
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Introduction

Colon cancer is the second most common cancer in the
United States, accounting in 1990 for 12% of all cancer
deaths (1). Successful treatment of colon cancer is de-
pendent largely upon stage of diagnosis; 5-year relative
survival is approximately 87% when tumors are localized,
but once they are metastasized 5-year survival is only
6% (2). Whether widespread application ofthe two pres-
ently available screening modalities, occult fecal blood
or sigmoidoscopy, could satisfactorily control colon can-
cer mortality is doubtful (3, 4). New approaches to mass
screening for colon cancer are clearly needed.

The purpose of this study was to evaluate a potential
colon cancer screening test based on the expression of
the disaccharide residue sialic acid-free fl-D-Gal(1--+3)-D-

GalNAc (T-antigen) in rectal mucus. T-antigen is ex-
pressed in mucus from malignant cells and colonic mu-
cosa immediately adjacent to cancer but not in normal
mucosa (5). A commercially feasible and practical test to
detect T-antigen in rectal mucus, in this report called the
MST,3 has been developed by Shamsuddin and Elsayed
(6). Published reports of the five studies evaluating the
MST (6-10) have been inconsistent; sensitivity for de-
tecting neoplasia (cancer and adenomatous polyps com-
bined) ranged from 74% to 100%, and specificity ranged
from 49% to 92%. These studies varied greatly in design,
but most were small studies of selected patients. Here
we expand these earlier studies to consider the charac-
tenistics of the MST when used in a large, unselected
case series of persons undergoing colonoscopy. We ex-
amine whether results of the MST differ by diagnosis at
colonoscopy, medical history, and patient demographic
characteristics. This study was designed to determine
whether a larger, clinical trial of the MST should be
pursued.

Materials and Methods

Mucus Strip Test. The development and chemistry of the
mucus strip test has been described in detail by Sham-
suddin and Elsayed (6). Briefly, the test strips consist of a
1-cm-square membrane filter (Gelman Sciences, Inc.)
mounted between two pieces of cover paper. The strips
are smeared with rectal mucus and air dried. Once dry,
the strips are stable at room temperature for up to 1 year.
For processing, filters are incubated for 1-2 h adjacent
to a cellulose filter saturated with 100 units/mI of galac-
tose oxidase (Sigma Chemical). The membrane filters are
then washed in distilled water, stained with Schiff’s re-
agent, and rinsed in running tapwater. A positive reaction
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is indicated by a magenta-colored stain. Strips for this
study were prepared, processed, and evaluated in the
laboratory where the MST was originally developed (6).
All test processing and evaluation was completed by
persons without knowledge of patient demographic char-
actenistics, medical history, or diagnoses.

Sample. Participants were recruited from the gastroen-
terology clinics of a large health maintenance organiza-
tion in western Washington state. Patients are referred
for colonoscopy at these clinics for four principal reasons:
follow-up of previous polyps or cancer; family history of
colon cancer; large intestinal disease including polyposis
coli and ulcerative colitis; and a positive hemoccult test
on rectal bleeding. Since there is a high false-positive rate
for any large intestinal disease among persons with a
positive hemoccult or rectal bleeding, this patient pop-
ulation consisted of a large number of persons without
any large intestinal disease as well as persons with his-
tories of or newly diagnosed adenomatous polyps or
cancer.

During the course of this study, we completed sev-
eral smaller studies to investigate unanticipated questions
about the interpretation of MST results. For simplicity of
reporting results, we refer to the principle study as the
“main” study and to the additional studies as the “supple-
mental” studies.

Main Study. We recruited participants from all persons
undergoing colonoscopy during a 6-month period. Be-
fore the colonoscopic exam, physicians’ assistants ex-
plained the study and obtained written informed con-
sent. Only those few persons (<1%) incapable or unwill-
ing to provide informed consent were excluded.
Physicians obtained a rectal mucus sample using a lightly
lubricated, gloved finger. The sample was smeared on
the filter strip, which was then air dried and placed in a
sealed plastic bag.

Supplemental Studies. We considered two possible prob-
lems in interpreting results from the main study. First,
there was a large proportion of tests with indeterminate
results. We hypothesized that too much lubricant could
have diluted the mucus, making interpretation of the
magenta colon on the processed MST difficult. In support
of this hypothesis we found considerable variability in
the physician-specific rates of indeterminate results
(range, 26% to 51%), and physicians reported that it was
sometimes difficult to tell whether they had deposited
mucus or just lubricant on the filter strip. Thus, negative
or indeterminate tests could be false negatives due to
faulty test technique and not to lack of sensitivity of the
MST itself. We retrained physicians to use only a small
amount of lubricant and to pay careful attention to smear-
ing mucus on the strip. We then sent for processing 15
strips that had been collected after physician training
with an additional 16 unmarked control strips smeared
with lubricant alone, These were developed with Schiff’s
reagent, which stains mucus but not lubricant a Pale
pink. The physician training program was successful,
since all strip tests collected from physicians were mu:us

positive and all control strips tested negative,
Second, we considered the possibility that prepara-

flon for COlofl()SCOITIy, involving dietary change and use
of strong purgatives, ColIld affect miuius secretion. To

address this issue, after physicians had been retrained
and could reliably put niiicus Ut) the MST, we began a

Table 1 Demographic and clinical c haractenistics of study participants

Main Supplemental
study study

n=691 n=52

n % n %

Age
<40 45 6.5 2 3.8

40-54 113 16.4 11 21.2

55-69 265 38.4 24 46.2

70+ 268 38.8 15 28.8

Sex

Male 347 50.3 25 49.0
Female 344 49.7 27 51.0

Reasons for coIonoscopy�

Follow-up, previous gastrointes- 87 7.3 6 1 1 .5

tinal cancer
Follow-up, previous polyps 233 19.6 16 30.8
Follow-up, other gastrointestinal 51 4.4 0 0

disease”
Positive hemoccult 248 20.8 16 30.8
Endoscopy 78 6.5 5 9.6
Rectal bleeding 332 27.9 19 36.5
Barium enema 71 5.9 2 3.8
Family history’ 90 7.6 8 15.4

a Categories are not mutually exclusive’.
I, Primarily ulcerative colitis.
‘ More than 1 first degree relative.

small supplemental study to recruit participants at the
gastroenterology clinic visit before preparation for colon-
oscopy. For these participants a MST was completed
both before and after preparation for colonoscopy.

Medical Chart Review. Medical charts were reviewed to
obtain information on age, sex, smoking status, reason
for colonoscopy, and previous history of gastrointestinal
disease. Dictated reports after colonoscopy and results
from pathologic evaluation of any tissues removed during
colonoscopy were used to assign a diagnosis to each
study participant. For the analyses given here, diagnoses
were classified as cancer, adenomatous polyp(s), or nor-
mal. All participants with a past or present diagnosis of
ulcerative colitis, polyposis, Crohn’s disease, or nonspe-
cific inflammatory bowel disease were excluded from
analyses.

Statistical Methods. The main study was designed to have
80% power with a error of 5% to detect two contrasts in
MST rates: 30% positive for normals vensus 95% positive
for new cancers; and 35% positive for no new adenom-
atous polyp(s) with a history of previous polyp(s) versus
60% positive for new polyp(s) with a history of previous
polyp(s). We calculated sensitivity, specificity, and posi-
tive predictive value as defined in standard epidemiology
texts (1 1).

Results
Demographic characteristics titid indications br (:01011-

�15�#{176}PY01 all study l)artitiPants 1ire given in Tal)le 1 , More
than 75% of PartPants were over age 55, with almost
equal nLlllll)ers (it niales and teniales. The most otiitiioii

indIcatIons for colonoscopy were rectal bleeding, 1�si-
tive lienioccult t!’sts, aF’I(l follow-LIp ��Iter �i pr(’v�us di-
agnosts of adenoniatous P#{176}lYt� There were tlt) associa-
tiOlls ol MST results with sex, age, sI11t)kUlg status, or
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Table 2 Mucin strip tests results, by history of gastrointestinal disease and diagnosis at colonoscopy

Clinical status of participants Main study Supplemental study

Before preparation for After preparation for

History of gastrointestinal Diagnosis at � Positive Indeterminate Negative colonoscopy colonoscopy

disease colonoscopy (%) (%) (%) Positive Negative Positive Negative

n 1%) (%) � (%) (%)

All diagnoses combined Cancer 44 22.7 36.4 40.9 1 100.0 0.0 1 100.0 0.0
Adenomatous polyps 179 34.6 19.0 46.4 12 83.3 16.7 12 91.7 8.3
Normal 385 31.2 27.0 41.8 39 84.6 15.4 39 97.4 2.6

Colon cancer Cancer 2 50.0 50.0 0.0 0 0
Adenomatous polyps 22 50.0 13.6 36.4 3 66.7 33.3 3 100.0 0.0
Normal 56 30.4 21.4 48.2 3 66.7 33.3 3 100.0 0.0

Recurrent’ adenomatous Cancer 2 0.0 50.0 50.0 0 0
polyps Adenomatous polyps 12 33.3 16.7 50.0 0 0

Normal 19 52.6 26.3 21.1 3 100.0 0.0 3 100.0 0.0

Single diagnosis of Cancer 1 0.0 0.0 100.0 1 100.0 0.0 1 100.0 0.0
adenomatous polyps Adenomatous polyps 29 34.5 10.3 55.2 2 100.0 0.0 2 50.0 50.0

Normal 70 32.9 30.0 37.1 6 83.3 16.7 6 83.3 16.7

No history of colon cancer Cancer 39 23.1 35.9 41.0 0 0
oradenomatous Adenomatous polyps 116 31.9 22.4 45.7 7 85.7 14.3 7 100.0 0.0

polyp(s) Normal 240 29.2 27.5 43.3 27 85.2 14.8 27 100.0 0.0

a Two or more diagnoses of adenomatous polyps separated by at least 1 year.

month of test (data not shown), and these potential on the test strip and where mucus samples were col-
confounding variables are not considered in subsequent lected both before and after preparation for colonos-
analyses. copy, were quite different. In the entire supplemental

Table 2 gives the distribution of MST results for the sample, 84.6% of MST results were positive before prep-
608 main study and 52 supplemental study participants aration for colonoscopy and 96.2% were positive after
without medical exclusions. These results are given for preparation for colonoscopy, compared to 31.6% (posi-
the total sample and stratified by previous medical his- tives only) or 56.9% (positives plus indeterminates) in the
tory. We include an “indeterminate” category in the main main study. However, similar to main study results, there
study results, because the faint color on these strips made was no association of MST-positive results with neoplasia.
reading the result difficult. There were no indeterminate Although little can be concluded from the single case of
results from the supplemental study. cancer in this group, the proportion of positive results

In the main study, where tests were completed after among participants with adenomatous polyps was almost
preparation for colonoscopy, there was no association of identical to that among those with no disease.
MST positivity with either cancer on adenomatous polyps. Table 3 gives the sensitivity and specificity for the
When the entire case series was combined, the propor- MST. In the main study we defined disease as both cancer
tion of positive tests was somewhat lower (22.7%) for and neoplasia (cancer plus adenomatous polyps), and we
participants with cancer than those with polyps (34.6%) show results based on interpreting indeterminate results
or no disease (31.2%), but these differences were not as negative MST outcomes. In the supplemental study
statistically significant. This lack of significant association we do not calculate statistics for cancer, because there
remained both when indeterminate results were consid- was only one case. In the main study, the MST had low
ered positive and when the case series was stratified by sensitivity for detecting either cancer or neoplasia. Spec-
previous medical history. ificity for detecting cancer was low, but specificity for

Results from the supplemental study, where physi- neoplasia was moderate. Positive predictive value in this
cians were trained to deposit a large amount of mucus sample was 5.2% for cancer and 37.5% for neoplasia. In

Table 3 Sensitivity and specificity of the mucin strip for the de tection of colon cancer or colon can cer and adenomatou s polyps combined

Study
. . a

Diagnosis at colonoscopy
Sensitivity

(%)
Specificity

(%)

Main study Cancer
Cancer plus adenomatous

polyps

23
32

32
68

Supplementary study Before colonoscopy
preparation

After colonoscopy

preparation

Cancer plus adenomatous
polyps

Cancer plus adenomatous
polyps

92

92

16

2.5

a Indeterminate results from the main study are scored as negative.
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the supplemental study, sensitivity for detecting neopla-
sia was very high but specificity was very low. Positive
predictive values were 25% before preparation for co-
lonoscopy and 24% after preparation for colonoscopy.

Discussion

Our results suggest that the Mucus Strip Test will not be
a useful tool for population-based screening for either
colon cancer or adenomatous polyps. Because our results
differ markedly from those of earlier reports, we begin
the discussion with a brief review of previous studies.

There are five published evaluations of the MST (6-
10). Three studies (6, 9, 10) were small case series that
compared persons diagnosed with neoplasia (cancer and
adenomatous polyps) to persons presumed to be normal.
There were no data in these studies on the comparability
of these two groups on the basis of age, sex, medical
history, or drug therapy, and the “normals” were not
examined by colonoscopy to determine their true dis-
ease status. In these studies, sensitivity ranged from 100%
to 75%, and specificity ranged from 91% to 56%. Mackett
et a!. (8) compared hemoccult tests to the MST, but the
participant selection and exclusion criteria make inter-
pretation of the results difficult. In a study similar to ours,
Knodell et a!. (7) found a sensitivity of 74% and a speci-
ficity of 49%. Overall, previous studies found relatively
high sensitivity, but the variability in specificity is difficult
to explain.

Our finding that there was no association of MST
results with neoplasia is surprising, given the results of
earlier studies. The low sensitivity in the main study
could, in part, be explained by the difficulty physicians
experienced in placing mucus on the small filter strip.
This would also suggest that the 3 1 .2% false positive rate
is an underestimate, because some of the test strips from
true negatives were not impregnated with mucus. In the
supplementary study, in which physicians were better
trained to complete the test, almost all MST results were
positive regardless of disease status. This suggests that
when test strips were well impregnated with mucus from
persons undergoing colonoscopy, almost all contained
sufficient levels of abnormal mucus to make the MST
positive.

Although there is considerable evidence to support
a relationship between the expression of T-antigen in
persons with either colon cancer or premalignant lesions
(12, 13), we found no evidence in our sample that a
positive MST result was related to disease. Any further
research with the MST should carefully control how the
test is administered, include strict quality control proce-
dunes to ensure uniform test processing and to ensure
that “controls” are truly free of disease.
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