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Abstract: Background: The characteristics of pathologically measured (PMS) and endoscopically measured sizes
(EMS) of the colorectal polyps (CRPs) is poorly understood, particularly in polypoid unremarkable mucosa (PUM),
sessile serrated adenoma (SSA), and high-grade dysplasia (HGD). Methods: To characterize the discordance and
correlation between the PMS and EMS of CRPs including PUM, SSA, HGD, hyperplastic polyp (HP) and adenomas,
we conducted this prospective observational study on the polyps collected between August 2012 and December
2013. Results: PMS was significantly smaller than EMS in the 497 qualified CRPs regardless of the sites (left,
transverse and right colorectum) or EMS (=1 cm and <1 cm) subgroups. The PMS and EMS discordance was associ-
ated with a diagnosis of HP and adenoma (versus PUM, SSA or HGD), single fragment (versus multiple), 3 of the 8
endoscopists and PMS<1 cm (versus =1 cm). Despite a good correlation between EMS and PMS in the adenomas
(k=0.626, 95% confidence intervals [Cl], 0.505-0.746) and a moderate correlation in the serrated polyps (SPs) in-
cluding HP and SSA, (k=0.424, 95% Cl, 0.244-0.604), 40.4% (23/57) of the adenomas and 63.6% (21/33) of the
SPs with EMS>1 cm might warrant longer follow-up intervals since their PMS were <1 cm. The PMS and EMS had
linear correlations except in CRPs with HGD or EMS>1 cm. Conclusions: The discordance between PMS and EMS
is associated with the pathologic diagnosis, fragment number, endoscopists and PMS, and may lead to different
follow-ups in a considerable portion of adenomas and SPs.
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Introduction only) are used to determine CRC risks and fol-
low-up intervals. However, the preferred meth-

Colorectal cancer (CRC) is one of the leading od for CRP size assessment was not specified

causes of cancer related deaths in the US [1].
Colonoscopy could effectively reduce CRC risks
by detecting and removing the CRC precursor
lesions, mainly adenomas [2, 3]. After endo-
scopic resection of a colorectal polyp (CRP), an
endoscopic surveillance is recommended by
boththe US and UK guidelines [4-6]. Specifically,
the CRP size, polyp number, and polyp histology
(villous versus tubular adenoma, and presence
of high-grade dysplasia, in the US guidelines

in the US guidelines [4, 7], while the UK ones
mentioned using the endoscopically measured
size (EMS) [5]. EMS in fact was used in the ear-
lier studies demonstrating that adenomas >1
cm had high risks for CRC [8, 9].

The preferred CRP size assessment method is
controversial. EMS has been reported both larg-
er [10, 11] and smaller [12, 13] than the corre-
sponding pathologically measured size (PMS).
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And most of the comparison studies only
included adenomas and hyperplastic polyps
(HP), and had a modest to acceptable sample
size (31230 CRPs) [10, 11, 14-18]. The PMS
and EMS of adenoma with high-grade dysplasia
(HGD), sessile serrated adenoma (SSA), and
polypoid unremarkable mucosa (PUM) to our
best knowledge have not been explored yet
despite their clinical significance [4-6]. In addi-
tion, only 2 studies investigated the factors
associated with the discordance and correla-
tion between PMS and EMS of CRP [11, 19].
Large-scale, prospective studies ideally also
including PUM, SSA and HGD are needed to
better characterize the PMS and EMS of CRPs.

EMS was originally used in the hallmark trials
on optimal CRP surveillance intervals [3, 9]. In
the meantime, PMS is preferred by some for its
higher reliability, accuracy and simplicity, and
has been recommended by the European
colorectal cancer screening pathology quality
assurance guidance [11, 14, 15, 17]. Before
the trials stratifying CRC risk with PMS become
available, EMS seems more directly associated
with CRP classification, risk prognostication
and follow-up interval determination. Therefore,
a potential linear correlation between PMS and
EMS would help estimate EMS and determine
proper follow-up interval, when EMS is not avail-
able. No studies have examined the linear cor-
relation between PMS and EMS.

We therefore conducted this prospective study
to investigate the discordance and potential lin-
ear correlation between the PMS and EMS in
497 qualified CRPs. HGD, adenoma, SSA, HP
and PUM were all included to fill the aforemen-
tioned knowledge gap on SSA and HGD.

Materials and methods
Patients and study design

An IRB approval was obtained from University
Medical Center of Princeton at Plainsboro. We
prospectively included all qualified colonoscopy
cases, for symptoms or screening, incurred at
the same institution from August 2012 to
December 2013. All of the patients had pro-
vided written informed consents for the colono-
scopic procedures. The inclusion criteria were:
1. No history of or current diagnosis of inflam-
matory bowel diseases; 2. EMS data were avail-
able in the endoscopic report; 3. The endoscop-
ic report indicated that the CRP was completely
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Figure 1. Flow chart of the study. PMS: pathologically
measured size; EMS: endoscopically measured size.

removed and retrieved; 4. All CRPs were col-
lected between August 2012 to December
2013, except the cases with PUM between
March to December 2013. No patients under-
went additional or unnecessary colonoscopies
or had alterations in their management as part
of the study. The following information of the
qualified cases was collected: patient’s age,
gender, lesion site, pathologic diagnosis, EMS,
PMS and the endoscopist initials.

Endoscopic procedure and pathological evalu-
ation

Video endoscopes (Olympus Optical Co., Tokyo,
Japan) were used for all procedures. The pat-
ients were prescribed polyethylene glycol lav-
age bowel preparation or equivalent and the
examiners cleaned the colon during instrument
insertion and withdrawal as much as possible.
The CRPs were identified mainly during with-
drawal. The EMS was rendered by using the
largest diameter of each CRP in situ (to the
nearest mm) with wide-open biopsy forceps as
the reference. Eight endoscopists (four with a
more-than-ten-year colonoscopy experience)
with qualified adenoma detection rates partici-
pated in the study. The method of retrieval was
at the endoscopist’s discretion: retrieval net or
tripod.

Pathologic evaluations were performed by a
gastrointestinal and liver pathology fellowship
trained pathologist (LZ). All collected speci-
mens were fixed in 10% formalin within 1 hour
of the removal and then fixed for a minimum of
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them, 12 were not assessed
for PMS and 564 cases had
no available endoscopic
reports. Finally, 497 CRP
with both EMS and PMS
were included for the analy-
sis. The average patient age
was 60.64 year old (+10.73
SD) and 273 (54.9%) of CRPs
were taken from a male. We
found 149 (30.0%) CRPs
located in the left colon, 108
(21.7%) in the transverse
colon and 240 (48.3%) in the
right colon and rectum.

In the qualified 497 CR-

T
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Figure 2. Linear regression analysis showed that EMS and PMS significantly

5
endoscopically measured size

15 Ps, the EMS (0.71+0.995
cm, MeantSD) was sig-
nificantly larger than the

correlated with each other. Equation: y=0.180x+0.421; R?=0.154. PMS (0.549+0.455 cm)

4 hours. Then the fixed specimens were cut into
2-mm slices according to standard pathology
laboratory protocols. By using a micrometer,
the PMS for the CRPs with single tissue frag-
ment was the greatest dimension of the lesions,
and the PMS for the CRPs with multiple frag-
ments were the aggregation of the lesions’
greatest dimensions. The histological diagno-
ses, including PUM, HP, SSA, adenoma and
HGD, were determined according to the Vienna
classification system [20]. The endoscopists
and the pathologists were blinded to each oth-
er's measurements.

Statistical analysis

The data were entered manually and analyzed
by using STATA version 12.0 (Stata Corp,
College Station, Texas, USA). The paired con-
tinuous data were compared by using the
paired Student’s t test. Linear regression analy-
sis (LRA) was used to assess the correlation
between PMS and EMS. The association betw-
een categorical data and interrater agreement
were analyzed by using x? test and k statistics
respectively. A two-tailed P<0.05 was consid-
ered statistically significant.

Results

As shown in Figure 1, 1073 CRPs were identi-
fied through the colonoscopic procedures. Of
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(P<0.001). Compared with

HP, the PMSs of HGD, adeno-
ma and SSA were larger (P<0.001 for all).
Compared with adenoma, the PMS of HGD
(P=0.1343) and SSA (P=0.1602) were not sta-
tistically different. Our LRA showed that EMS
and PMS significantly correlated with each
other (Figure 2, coefficient 0.180 and P<0.001).

We classified 37 CRPs as PUM, 105 as HP, 84
as SSA, 262 as adenoma and 9 as HGD. All of
the PUMs were described as a polyp or promi-
nent fold in the endoscopic report. The mean
EMS of HP and adenoma were 0.458 cm
(x0.262 SD)and 0.784 cm (+1.183 SD) respec-
tively, significantly larger than the paired PMS
(0.372+0.218 cm, P<0.001 and 0.597+0.486
cm, P=0.007; respectively). No statistical dif-
ferences between EMS and PMS were detected
in the PUMs (P=0.097), SSA (P=0.197) or HGD
(P=0.115). By using LRA, linear correlations
between EMS and PMS were found in the P-
UM (coefficient 0.056, P=0.003), HP (coeffici-
ent 0.466, P<0.001), SSA (coefficient 0.882,
P<0.001) and adenoma groups (coefficient
0.137, P<0.001), but not in the HGD group
(coefficient 0.049, P=0.686).

The 397 CRPs with an EMS<1 c¢cm had a mean
EMS of 0.46 cm (+0.191SD), significantly larger
than the paired PMS (0.41+0.223 cm, P<0.001,
Table 1). For the 100 CRPs with an EMS>1 cm,
there was also a statistical difference betw-
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Table 1. Factors associated with the discordance and correlation between the pathologic and endo-

scopic measurements of colorectal polyp sizes

Category (n, %) PMS EMS Pvalue LRA Coefficient P value
All (497, 100%), mean (SD) 0.549 (0.455)  0.71 (0.995) 0.000 0.180 0.000
Sites (n, %)
Left colon (149, 30.0%) 0.645 (0.568) 0.746 (0.736) 0.013 0.579 0.000
Transverse (108, 21.7%) 0.506 (0.348) 0.613(0.434) 0.000 0.581 0.000
Right colon and rectum (240, 48.3%) 0.510 (0.409) 0.740 (1.273) 0.004 0.073 0.000
Pathologic Diagnosis (n, %)
PUM (37, 7.4%) 0.338 (0.150) 0.678(1.279) 0.097 0.056 0.003
HP (105, 21.1%) 0.372(0.218) 0.458 (0.262) 0.000 0.466 0.000
SSA (84, 16.9%) 0.686 (0.558) 0.726 (0.549) 0.197 0.882 0.000
Adenoma (262, 52.7%) 0.597 (0.486) 0.784(1.183) 0.007 0.137 0.000
HGD (9, 1.8%) 0.844 (0.456) 1.711(1.473) 0.115 0.049 0.686
Fragment number (n, %)
Single (278, 55.9%) 0.387 (0.326) 0.56 (0.626) 0.000 0.236 0.000
Multiple (219, 44.1%) 0.755 (0.510)  0.91 (1.297) 0.060 0.127 0.000
Endoscopists (n, %)
A (51, 10.3%) 0.48 (0.306) 0.48 (0.322) 1.000 0.465 0.000
B (72, 14.5%) 0.57 (0.422) 0.78 (0.571) 0.000 0.667 0.000
C (35, 7.0%) 0.53 (0.356) 0.68 (0.433) 0.001 0.67 0.000
D (147, 29.6%) 0.46 (0.380) 0.68 (1.525) 0.071 0.050 0.015
E (23, 4.6%) 0.49 (0.198) 0.60 (0.158)  0.000 0.949 0.000
F (12, 2.4%) 0.63 (0.407) 0.80 (0.724) 0.152 0.51 0.000
G (62, 12.5%) 0.62 (0.363) 0.89 (1.035) 0.031 0.123 0.005
H (12, 2.4%) 0.49 (0.315) 0.66 (0.231) 0.005 1.164 0.000
EMS (n, %)
EMS>1 cm (100, 20.1%) 1.09 (0.690) 1.73(1.871) 0.001 0.028 0.457
EMS<1 cm (397, 79.9%) 0.41 (0.223) 0.46 (0.191) 0.000 0.703 0.000
PMS (n, %)
PMS>1 cm (60, 12.1%) 1.45 (0.704) 1.45(0.816) 0.968 0.564 0.000
PMS<1 cm (437, 87.9%) 0.43 (0.206) 0.61 (0.975) 0.000 0.050 0.000

PUM: Polypoid unremarkable mucosa; PMS: pathologically measured size; EMS: endoscopically measured size; LRA: linear
regression analysis; SD: standard deviation; HP: hyperplastic polyp; SSA: sessile serrated adenoma; HGD: high-grade dysplasia.

Table 2. The impact of the pathologically and endoscopically measured lesion sizes on the surveil-

lance intervals (based on the size cutoff of 1 cm)

Adenoma™* Serrated polyps™1
PMS<1 cm PMS>1 cm _ PMS<1 cm PMS>1 cm _
(n=221) (n=41) Total (n=262) (n=173) (n=16) Total (n=189)

EMS<1 cm, n (%) 198 (96.6%) 7 (3.4%) 205 (100%) 152 (97.4%) 4 (2.6%) 156 (100%)
EMS=>1 cm, n (%) 23 (40.4%) 34 (59.6%) 57 (100%) 21 (63.6%) 12 (36.4%) 33 (100%)

PMS: pathologically measured size; EMS: endoscopically measured size; Serrated polyps include hyperplastic polyp, traditional
serrated adenoma and sessile serrated adenoma; *: a P value less than 0.001 in the x? tests; *: k=0.626 (95% confidence
intervals [CI], 0.505 to 0.746); 7: k=0.424 (95% Cl, 0.244 to 0.604).

een the EMS and PMS (1.73+1.871 cm vs.
1.09+£0.690 cm, P=0.001). Our LRA showed a
linear correlation between the EMS and PMS in
the CRPs with an EMS<1 cm (coefficient 0.703,
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P<0.001), but not in the CRPs with an EMS>1
cm (coefficient 0.028, P=0.457). When taken 1
cm as a cutoff in PMS per the US and British
guidelines and recommendation [4-6], 337
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Figure 3. A small tubular adenoma measuring 2 mm is only a portion of the colonic polyp measuring 7 mm under

endoscopy. A (x 20) B (x 200).

CRPs were classified into the small-size group,
with a mean PMS of 0.43 cm (+0.223 SD) and
amean EMS of 0.61 cm (+0.975 SD) (P<0.001).
Among the rest 60 CRPs with their PMSs=>1 cm,
the EMS was similar to the PMS (1.45+0.816
cmversus 1.45+0.704 cm, P=0.968). However,
the EMS had a linear association with the PMS
in the CRPs with a PMS<1 cm or 21 cm, wi-
th different coefficients (coefficient 0.050,
P<0.001 and coefficient 0.564, P<0.001, resp-
ectively).

Our results showed that 278 CRPs had singe
fragment and 201 had multiple fragments. In
the single-fragment group, the EMS was larger
than the PMS (P<0.001, Table 1) with a linear
correlation between the two (coefficient 0.236
and P<0.001). Among the 219 multiple-frag-
ment CRPs, the EMS was also possibly la-
rger than the PMS (0.91+1.297 cm vs.
0.755+0.510 cm), but with no statistical signifi-
cance (P=0.060), while LRA showed that the
EMS and PMS correlation was statistically sig-
nificant (coefficient 0.127, P<0.001).

The correlation and discordance between EMS
and PMS were operator-dependent. Five of the
8 (62.5%) participated endoscopists estima-
ted an EMS significantly larger than the PMS,
while the other 3 estimated an EMS similar to
the corresponding PMS (Table 1). The EMS
were correlated with the PMS with regar-
ds to each individual endoscopist (coefficient
0.050~1.164 and P<0.001~0.015). The endos-
copists’ practicing years (=10 years versus <10
years) were not associated with the linear cor-
relation between EMS and PMS (data not
shown).
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We last sought the association between the
follow-up recommendations based on the PMS
and EMS with 1 cm as the size cutoff, according
to the US and British guidelines and recom-
mendation [4-6, 21]. The EMS and PMS were
found associated with each other in the adeno-
ma and serrated polyps (SPs) by using x?test
(P<0.001, Table 2). There was a good correla-
tion between the EMS and PMS in the adeno-
mas (k=0.626, 95% confidence intervals [CI],
0.505 to 0.746) and a moderate correlation in
the SPs (k=0.424, 95% CI, 0.244 to 0.604).
However, 40.4% (23/57) of the adenomas and
63.6% (21/33) of the SPs with EMS>1 cm
would be reclassified as low-risk lesions based
on a PMS<1 cm, and hence warrant a longer
follow-up interval, suggesting that a consider-
able portion of adenomas and SPs may have
been mis-sized and hence misclassified.

Discussion

Comparison and linear correlation between
the EMS and PMS of CRPs

PMS of adenomas is an important factor for
predicting cancer risks [8, 9] and determining
the appropriate follow-up strategy [4, 5, 21].
Recent studies consider PMS as the “golden
standard” and preferred it over EMS [10, 15,
18, 22]. However, most of the prior studies are
limited by a modest to acceptable study size
and/or retrospective study in nature. Not sur-
prisingly, some studies showed EMS was larger
than PMS [10, 11] and the others showed oth-
erwise [12, 16]. Our large sample size (497
CRP) may offer more statistical power and shed
light on the best measurement method for CRP
CRC risk stratification.

Int J Clin Exp Pathol 2014;7(4):1635-1643
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We found that EMS was larger than PMS regard-
less of the CRP site (left, transverse and right
colon) or PMS subgrouping (= and <1 cm). The
definition/nature of the EMS and PMS may
have contributed to their difference. PMS is
based on the histologic evidence of CRP
lesions, and may be different from the EMS
which is endoscopic findings. In fact, we have
noted that adenomas often were only a portion
of the resected CRP (Figure 3). We propose that
PMS is the bona fide lesion size of the com-
pletely resected CRPs, would better predict
their biological behaviors than EMS, and there-
fore should be preferred over EMS for CRC risk
stratification. Our proposal is supported by
majority of the studies comparing PMS and
EMS of adenomas and HPs [14-16, 22] and the
European guidelines for CRP quality assurance
[23], and may also be applied to PUM, SSA and
HGD. In the cases of incomplete polypectomy,
PMS may be smaller than bona fide CRP size
and EMS may be more reliable.

There are several other possible reasons for
the PMS and EMS differences. First, the optical
distortion caused by distance and visual angle
would affect the endoscopic and microscopic
measurements. Second, the wide-opened for-
ceps, commonly used reference for EMS, may
not always be well with the largest dimension of
the lesion, causing measurement bias. Its guid-
ing effect may also be limited when comparing
a CRP much larger than the forceps’ wide-
opened mouth. A ruler may help but will still
face the problem of alignment. Therefore, it is
not surprising that PMS has less variation than
the EMS assisted by a ruler [14]. Third, the
grasp and removal of an excised CRP may
sometimes cause deformation, probably lead-
ing to a different PMS. Fourth, it has been
reported that there would be a shrinkage after
fixation [14]. Of note, recent studies also found
formalin fixation of CRP specimens did not
affect CRP sizes [10, 11, 16]. Last, in this sin-
gle-center study, the institutional endoscopists’
and/or the pathologist’'s performance and envi-
ronmental factors may have potentially biased
the results. A multi-center may address these
biases.

The different PMS and EMS may cause mis-
measurement and reclassification of CRPs
despite the good and moderate agreements
between PMS and EMS in adenomas and SPs,
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respectively. Consistent with an early report of
61 CRPs [11], we showed 40% of the adeno-
mas with EMS>1 c¢cm had a PMS<1 cm and
would be reclassified from a high-risk adenoma
to a low-risk one based on the size, while only
3.4% of the adenomas would be upgraded from
a low-risk adenoma to a high-risk one. The rec-
ommended follow-up interval for those down-
graded adenomas would therefore be changed
from 3 years to 5-10 years [4, 21]. Similarly,
63.6% of SP with EMS>1 c¢cm would warrant a
longer follow-up interval (from 3 years to 10
years) for their PMSs<1 cm, according to the US
guidelines [6, 21]. Considerable economic and
clinical consequences may be resulted in.
Moreover, EMS of 1 cm was used in the earlier
trials stratifying adenoma and HP risks for CRC
[3, 9]. Our data hence suggest that the bona
fide adenoma size cutoff (PMS) for higher CRC
risk may be smaller than 1 cm. Despite the
enthusiasm in and supporting data for using
PMS as the preferred CRP size measurement
method, more high quality evidence (i.e. ran-
domized, prospective, multi-center studies) in
our opinion are needed to demonstrate the
usefulness of PMS for CRC risk assessment.
Before those lines of evidence become avail-
able, one feasible approach is to use the here
described linear association between PMS and
EMS and related factors to predict the EMS
with a known PMS. In fact, our linear regression
models allow prediction of EMS based on the
CRP types (pathologic diagnosis), PMS, and
endoscopists, and hence a direct use of PMS
for CRC risk prediction.

Factors associated with the PMS and EMS
discordance and correlation

The EMSs of PUM and SSA were found similar
to the PMSs in this study and had a linear cor-
relation with the PMSs, which to our best knowl-
edge has not been reported before. Compared
with PUM, SSAs were more precisely measured
under the endoscopy, probably due to a sessile
endoscopic morphology and the larger sizes.
Given the important role of SSA in CRC develop-
ment [24-26], large sessile lesions may have
been examined more carefully under endosco-
py, and given additional examinations, such as
staining and narrow band image. In addition,
the border of SSA may be easier to identify for
its sessile endoscopic morphology than that of
pedunculated CRPs.

Int J Clin Exp Pathol 2014;7(4):1635-1643
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HGD is considered a criterion for high-risk ade-
noma by the US, but not the UK, guidelines and
warrants a follow-up in 3 years [4, 21]. However,
the adenomas with HGD have not been subject
to the PMS and EMS comparison. Despite only
9 (1.8%) cases of HGD included in this study,
we for the first time demonstrated no signifi-
cant differences between the PMS and EMS in
the adenomas with HGD, suggesting the PMS
and EMS may be interchangeable in those
cases. Interestingly, no linear correlation bet-
ween those two was established in our LRA.
Because HGD histology trumps the size of ade-
noma, at least in the US guidelines, the sizes of
adenomas with HGD seem less important.
However, there are no data on the potential
synergistic effects of adenoma size and pres-
ence of HGD on CRC risk. It would be very inter-
esting to study whether the CRPs with adeno-
mas =1 cm and HGD will have higher CRC risks
than that with HGD or adenomas >1 cm alone.

Besides the pathologic diagnosis of CRP, we
also identified 3 factors associated with the
PMS and EMS discordance including tissue
fragment number, endoscopist and PMS sub-
grouping (=1 cm versus <1 cm). Those factors
may help predict the PMS based on EMS or vice
versa, and identify the causes of PMS and EMS
discordance. In contrast to our findings, a study
of 61 CRPs including only HP and adenoma
showed that PMS and EMS discordance is not
dependent on endoscopist and pathologic
diagnosis [11]. We speculate the different find-
ings may be attributed to addition of PUM, SSA
and HGD in our study, different sample sizes,
and different measurement performances of
the pathologists and the endoscopists in the
studies. Our data and the earlier work, howev-
er, agreed on that the PMS and EMS discor-
dance is independent of CRP location [11].

There was a significant difference between the
EMS and the PMS in the single-fragment CRP,
but not in the multiple-fragment ones. The mul-
tiple fragments in a CRP polypectomy speci-
men imply that the lesion could not be excised
as a whole, probably due to the difficulti-
es in endoscopic manipulation and/or a size
larger than the single-fragmented CRP ones
(P<0.0001). Both of the manipulation difficul-
ties and larger sizes may result in incomplete
resection and retrieval of the CRP. Meanwhile,
the pathologists had to deal with the problems
of aggregating the fragments together for PMS,
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leading to an additional bias. So our results on
multiple-fragment CRPs should be interpreted
and applied to clinical practice with caution.

Study limitations and conclusions

There are several limitations of this study. First,
this study was conducted at a single medical
center, causing potential environmental and
operator biases. Second, we did not measure
the size of excised CRPs before fixation, so we
could not render any information on the effect
of the fixation. However, previous work has
shown that fixation had little impact on the
PMS [14, 16]. Third, we did not record the meth-
ods of CRP resection/polypectomy, which might
also influence the PMS. Last, the sample size of
HGD is relatively small although this is the first
report in this regard.

In summary, this prospective study of PUM,
SSA, HP, adenoma and HGD show that PMS is
significantly smaller than EMS despite the lin-
ear correlation between PMS and EMS.
Therefore, the bona fide CRPs size (PMS) cutoff
for CRC risk stratification may be smaller than
the currently recommended 1 cm. The discor-
dance between PMS and EMS is associated
with several factors including pathologic diag-
nosis, fragment number, endoscopists and
PMS, and may contribute to different follow-ups
in a considerable portion of adenomas and
SPs.
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