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Abstract
Purpose Stage II colon cancer (CC) represents a challenging scenario for the choice of adjuvant chemotherapy; here, histologic
factors need to be weighed up to establish the risk of recurrence. Tumor budding (TB) has recently been indicated as a confident
predictor of clinical outcome in CC. Likewise, the presence of poorly differentiated clusters (PDCs) in a tumor has been pointed
out as a leading criterion of a tumor grading system. Our aim was to evaluate in patients with stage II CC the relationship between
these features and clinical outcome.
Patients andmethods The study included 174 cases of stage II CC; histopathologic parameters such as TB, PDCs, microsatellite
instability (MSI), and CDX2 expression were analyzed.
Results There were 107 (70.9%), 32 (21.2%), and 12 (7.9%) TB scored 1, 2, and 3 respectively; 113 (72.9%), 30 (19.4%), and 12
(7.7%) tumors showed grade 1, 2, and 3 PDCs respectively. A high-MSI was detected in 32 cases (18.4%) while CDX2 was
negative in 20 (11.5%) tumor samples. In the whole study population, only the TB was found to be associated with disease-
specific survival (P = 0.01). No parameter apart from age (P = 0.04) was a significant prognostic factor for overall survival
(P < 0.05). Other commonly reported variables, including tumor size, degree of tumor differentiation, lymphovascular invasion,
number of lymph nodes harvested ≥ 12, MSI, and PDCs, were not shown to have significant results.
Conclusions Although confirmatory studies are awaited, our work supports the role of the TB in defining risk groups of the stage
II CC.
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Introduction

Stage II colon cancer (CC) is characterized by a good prognosis.
Indeed, the 5-year overall survival (OS) is as high as 80% after
surgery alone. The adjunct of a 5-fluorouracil-based

chemotherapy elicits an 18% relative risk reduction of death that
translates in an absolute improvement in survival of 3.6% [1].
Thus, on account of both the good prognosis and little benefit of
adjuvant chemotherapy, prognostic and predictive factors ought
to be weighed up to establish the subjective risk of disease
recurrence. Moreover, a discussion with the patient concerning
risks and benefits of the treatment is broadly suggested [2, 3].

The presence of lymphovascular and perineural invasion,
bowel obstruction/perforation, and < 12 lymph nodes examined
as well as a poorly differentiated histology is a clinicopathologic
factor generally used to categorize the risk of recurrence in stage
II CC. However, because a significant degree of interobserver
variability in the histological grading has been reported [1, 4, 5],
additional prognostic parameters have been proposed. Tumor
budding (TB), defined as single cells or clusters of up to four
cells at the invasive margin of CC [6], has been indicated as a
confident predictor of clinical outcome, because of its relevance
to prognosis and its reproducibility [7]. Likewise, the presence
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of poorly differentiated clusters (PDCs) in a tumor (composed of
≥ 5 cancer cells and lacking a gland-like structure) has been
pointed out as a leading criterion of a tumor grading system
[8]. Furthermore, both the microsatellite instability (MSI) [4,
9–11] and the expression of the homedomain transcription fac-
tor CDX (CDX2) [12–14] can be considered to prognosticate in
the stage II CC.

We examined in patients with stage II CC several clinico-
pathologic features, including TB, PDCs, MSI, and CDX2 to
evaluate the relationship between their expression and clinical
outcome.

Patients and methods

Patients

One hundred seventy-four stage II CC cases, which were sub-
ject to histological examination at the Sant’Andrea Hospital in
Rome, from 2009 to 2015, were collected consecutively and
analyzed retrospectively. For each patient, demographics data
(sex and age at surgery), tumor location, and pathological
features were retrieved. Pathological data included grading,
T, and the number of nodes retrieved in surgery.

The study was conducted in accordance with the
Declaration of Helsinki and the protocol approved by the in-
stitutional (Sapienza University) ethical committee
(N.3874_2015/22.10.2015).

Histological evaluation

All cancers were evaluated for his tological and
immunophenotype features by two pathologists (E.P and
A.D.C). Cancers were graded according to WHO guidelines
as well (G1), moderately (G2), and poorly (G3) differentiated,
based on the percentage of glands formation (> 95%; 50 to
95%; 1 to 49% respectively). Moreover, each tumor sample
was scored for TB and PDC formation.

Tumor budding

Tumor budding is defined as a single neoplastic cell or a cell
cluster up to 4 cells on invasive front of the tumor. In this
study, we evaluated TB according to BInternational Tumour
Budding Consensus Conference 2016^ [15]. Specifically, the
cancer slides were scanned at × 10 objective and the hotspot
field was chosen. In this field, buds, as previously defined,
were counted at × 20 objective. Then, TB was scored as 1-
low (< 5 buds), 2-intermediate (5–9 buds), and 3-high (≥ 10
buds) respectively. Tumors were divided into two groups:
score 1 and 2 were considered low-grade budding and score
3 was considered high-grade budding [6, 15, 16]. Tumor bud-
ding was not assessed in mucinous, medullary, micropapillary

cancers and in those specimens with heavy granulocytic infil-
tration at the edge front causing glandular fragmentation.

Poorly differentiated clusters

Poorly differentiated clusters are defined as cancer cell clus-
ters (≥ 5 cancer cells) infiltrating the stroma without gland
formation [8]. PDCs were scored at × 20 objective after

Table 1 Clinicopathologic features (valid cases and percentages)

Number Percentage

Total 174 100

Age

< 70 years 75 43.1

≥ 70 years 99 56.9

Sex

Male 97 55.7

Female 77 44.3

Tumor location

Proximal 91 52.3

Distal 83 47.7

Tumor size

T3 148 85.1

T4 26 14.9

Tumor differentiation

Well to moderate 124 72.9

Poor 46 27.1

Lymphovascular/perineural

Not 105 61.8

Yes 65 38.2

Node retrieval

≥ 12 157

< 12 15

Microsatellite instability

MSS 142 81.6

MSI-H 32 18.4

CDX2

Positive 154 88.5

Negative 20 11.5

Tumor budding

Score 1 (< 5) 107 70.9

Score 2 (5–9) 32 21.2

Score 3 (≥ 10) 12 7.9

Poorly differentiated cluster

Grade 1 (< 5) 113 72.9

Grade 2 (5–9) 30 19.4

Grade 3 (≥ 10) 12 7.7

Adjuvant chemotherapy

Not 92 54.8

Yes 76 45.2
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scanning the sections at low-power magnification to identify
the area with the greatest number of PDCs. Tumors with < 5, 5
to 9, and ≥ 10 clusters were classified as grade G1, G2, and G3
respectively.

Because, in stage II CC, tumors with G3 PDCs showed the
worst prognosis compared with both G1 and G2 and any
significant difference was between G1 and G2 tumors [8]
and also according to other studies [17, 18], tumors were
divided into two groups: < 10 PDCs were considered nega-
tive; ≥ 10 PDCs were considered positive.

Immunohistochemistry

Three-micrometer-thick sections were immunostained with
CDX2 antibody (clone 88, Biogenex) and visualized by
Envision-Flex (Dako) in a Dako Autostainer instrument. In
each section was represented neoplastic tissue and normal
mucosa, and the latter was evaluated as the internal control.
Immunostained slides were evaluated by the two pathologists
(ADC and EP). Samples that in neoplastic cells showed either

complete lack of CDX2 expression or a faint expression in a
minority of neoplastic cell (< 20%) were scored as negative.
All other samples were regarded as CDX2 positive.

DNA extraction and microsatellite instability
evaluation

A fragment of cancer tissue was collected for each of 174
selected patients. For each sample of paraffin embedded tis-
sue, 3 sections of 7 μm were cut and put on slides, de-waxed,
rehydrated, and stained with hematoxylin. A pathologist per-
formed micro-dissection of neoplastic tissue under micro-
scope using a needle. Genomic DNA extraction was carried
out using QIAmp DNA mini kit (Qiagen, Hilden, Germany)
according to manufacturer’s instructions. At molecular level,
all samples were evaluated for MSI through PCR amplifica-
tion of 2 quasimonomorphic mononucleotide loci (BAT25
and BAT26) as previously described [19]. Presence in both
loci of extra alleles in neoplastic tissue was defined as high-
MSI (MSI-H).

Fig. 1 a–d Tumor Budding scores according to BInternational Consensus
Conference on Tumor Budding 2016^ are represented. Arrows outline
buds at the invasive tumor edge. a and b Budding G1 or low: absence of

tumor buds (a) or < 5 tumor buds (b). c Budding G2 or intermediate (5–9
buds). d Budding G3 or high (≥ 10). (Hematoxylin/eosin × 10 objective
lens)
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Statistical analysis

Outcome variables were disease-specific survival (DSS) and
overall survival (OS) [20]. SPSS statistical software, Version
24 (SPSS Inc. Chicago, Illinois, USA) was used. The χ2 test
and t test for unpaired data were applied to compare frequen-
cies and means, respectively. The interaction among clinico-
pathologic parameters was first analyzed using univariate lo-
gistic regression. Survival curves were estimated using the
Kaplan-Meier method, and the log-rank test was used for the
difference assessment.

A multivariate Cox proportional hazard model was used to
identify independent prognostic factors for survival.

Results

Frequency and associations of clinicopathologic
parameters

The study included 174 consecutive stage II colon adenocar-
cinoma; patients’ mean age was 70 years (range 35–92)
(Table 1). The tumors were located in the right-sided colon
in 91 cases (52.3%) and were pT3 in 85.1% of the cases. The
majority (97%) were conventional adenocarcinoma, while 5
(3%) of them were mucinous. According to WHO classifica-
tion, 124 (72.9%) and 46 (27.1%) tumors were classified as
well to moderate and poorly differentiated respectively. Sixty-

Table 2 Association between tumor budding and poorly differentiated cluster with clinical-pathological parameters

Tumor budding Poorly differentiated cluster

Score 1
(< 5)

Score 2
(5–9)

Score 3
(≥ 10)

P Grade 1
(< 5)

Grade 2
(5–9)

Grade 3
(≥ 10)

P

Characteristic Number (%) Number (%)

Age

< 70 years 45 (69.2) 15 (23.1) 5 (7.7) 0.88 49 (74.2) 13 (19.7) 4 (6.1) 0.79

≥ 70 years 62 (72.1) 17 (19.8) 7 (8.1) 64 (71.9) 17 (19.1) 8 (9.0)

Sex

Male 53 (64.6) 19 (23.2) 10 (12.2) 0.05 60 (71.4) 17 (20.2) 7 (8.3) 0.90

Female 54 (78.3) 13 (18.8) 2 (2.9) 53 (74.6) 13 (18.3) 5 (7.0)

Tumor location

Proximal 60 (75.9) 13 (16.5) 6 (7.6) 0.30 60 (73.2) 12 (14.6) 10 (12.2) 0.03

Distal 47 (65.3) 19 (26.4) 6 (8.3) 53 (72.6) 18 (24.7) 2 (2.7)

Tumor size

T3 92 (73.6) 23 (18.4) 10 (8.0) 0.21 96 (74.4) 26 (20.2) 7 (5.4) 0.05

T4 15 (57.7) 9 (34.6) 2 (7.7) 17 (65.4) 4 (15.4) 5 (19.2)

Tumor differentiation

Well to moderate 81 (73.0) 22 (19.8) 8 (7.2) 0.63 90 (76.9) 22 (18.8) 5 (4.3) 0.01

Poor 26 (65.0) 10 (25.0) 4 (10.0) 23 (60.5) 8 (21.1) 7 (18.4)

Node retrieval

< 12 96 (70.6) 29 (21.3) 11 (8.1) 0.99 103 (73.6) 25 (17.9) 12(8.6) 0.14

≥ 12 9 (69.2) 3 (23.1) 1 (7.7) 8 (61.5) 5 (38.5) 0 (0.0)

Lymphovascular/perineural invasion

Not 73 (81.8) 11 (12.2) 6 (6.7) 0.002 84 (88.4) 9 (9.5) 31 (51.7) < 0.001

Yes 34 (55.7) 21 (34.4) 6 (9.8) 29 (48.3) 21 (35.0) 10 (16.7)

CDX2

Positive 94 (69.6) 30 (22.2) 11 (8.1) 0.61 101 (72.1) 29 (20.7) 10 (7.1) 0.34

Negative 13 (81.3) 2 (12.5) 1 (6.3) 12 (80.0) 1 (6.7) 2 (13.3)

MSI

MSS 85 (68.0) 30 (24.0) 10 (8.0) 0.12 93 (72.1) 27 (20.9) 9 (7.0) 0.44

MSI-H 22 (84.6) 2 (7.7) 2 (7.7) 20 (76.9) 3 (11.5) 3 (11.5)

Poorly differentiated cluster

Grade 1 (< 5) 88 (81.5) 14 (13.3) 6 (5.6) < 0.001

Grade 2 (5–9) 12 (41.4) 12 (41.4) 5 (17.2)

Grade 3 ((≥ 10) 6 (50.0) 5 (41.7) 1 (8.3)
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five (38.2%) tumors showed lymphovascular/perineural inva-
sion. There were 107 (70.9%), 32 (21.2%), and 12 (7.9%)
tumor budding scored 1, 2, and 3 respectively (range 0–15
of buds). Cases with different degrees of TB are shown in
Fig. 1a–d. There were 113 (72.9%), 30 (19.4%), and 12
(7.7%) tumors showing grade 1, 2, and 3 PDCs respectively.
A MSI-H was detected in 32 cases (18.4%) while CDX2 was
negative in 20 (11.5%) tumor samples. Adjuvant chemother-
apy was given in 76 (45.2%) patients; in 37% of these cases, it
was oxaliplatin-based. TB grade was associated with sex (P =
0.05), lymphovascular/perineural invasion (P = 0.002), and
PDCs (P < 0.001)(Table 2).

PDC grade was associated with tumor location (P = 0.03),
tumor size (P = 0.05), tumor differentiation (P = 0.01), and
lymphovascular/perineural invasion (P < 0.001).

MSI-H was associated with younger age (P = 0.01), local-
ization of the tumor to a site proximal to the splenic flexure
(P < 0.001), tumor differentiation (P < 0.001), and a CDX2-
negative status (P < 0.001) (Supplementary Table 1).

CDX-2 negative expression was associated with tumor dif-
ferentiation (P = 0.001) and MSI status (P < 0.001)
(Supplementary Table 1).

Survival analysis

The follow-up data for all but two patients (99%), who were
lost to follow-up, were available. The median follow-up was
48 months (range 4–95). There were 42 recurrence or death
events. Thirty-four patients died for any cause, and nine pa-
tients died of the disease. The 5-year DSS and OS were 93%
and 80% respectively.

In the whole study population, only the TB was found to be
associated with DSS (P = 0.01) (Table 3). In a multivariate
model including risk factors for the stage II (tumor size, de-
gree of tumor differentiation, lymphovascular invasion, num-
ber of lymph node harvested ≥ 12), TB was an independent
predictor of DSS (P = 0.03) (Fig. 2a).

No parameter but for age (P = 0.04) was a significant prog-
nostic factor for OS (P < 0.05). However, CDX2-negative
cases showed the worst, despite not statistically significant,
OS (P = 0.09) (Fig. 2b). Other commonly reported variables
including tumor size, degree of tumor differentiation,
lymphovascular invasion, number of lymph node harvested
≥ 12, MSI, and PDCs were not shown to have significant
results.

When the group of patients (92 cases), who had not been
treated with adjuvant chemotherapy, were considered, tumor
size (P = 0.02) and TB (P < 0.01) were prognostic for DSS. In
a multivariate model including risk factors for the stage II
(tumor size, degree of tumor differentiation, lymphovascular
invasion, number of lymph node harvested ≥ 12), both pT4
(P = 0.02) and TB (P < 0.01) were independent predictors of
DSS.

Tumor size (P < 0.01) and lymphovascular/perineural inva-
sion (P < 0.01) were prognostic for OS. In the multivariate
model, tumor size (P = 0.02) retained statistical significance.

Discussion

Although the role of adjuvant chemotherapy in reducing re-
currence and deaths in stage III CRC is unquestionable, the

Table 3 Survival analysis according to clinicopathologic parameters

5-year disease-specific survival 5-year overall survival

All patients No chemotherapy All Patients No chemotherapy

% P % P % P % P

Age (< 70 v ≥ 70 years) 94 v 96 0.93 98 v 88 0.65 88 v 74 0.04 76 v 72 0.26

Sex (female v male) 98 v 93 0.15 100 v 90 0.19 86 v 76 0.23 77 v 62 0.28

Tumor location (proximal v distal) 95 v 95 0.37 97 v 90 0.84 77 v 84 0.23 65 v 71 0.36

Tumor size (T3 v T4) 95 v 84 0.69 95 v 87 0.02 82 v 71 0.49 74 v 30 0.007

Tumor differentiation (G1–2 v G3–4) 96 v 91 0.89 96 v 80 0.99 81 v 77 0.35 68 v 63 0.60

Node retrieval (≥ 12 v < 12) 95 v 93 0.86 97 v 100 0.84 81 v 84 0.53 70 v 100 0.99

LV/PnI (negative v positive) 94 v 96 0.39 94 v 96 0.41 84 v 75 0.21 78 v 55 0.004

Stage risk (low v high) 98 v 93 0.05 100 v 89 0.04 87 v 75 0.05 84 v 56 0.02

MSI status (MSS v MSI-H) 96 v 90 0.58 97 v 80 0.81 80 v 81 0.72 67 v 70 0.34

CDX2 (positive v negative) 95 v 94 0.80 94 v 100 0.51 82 v 65 0.08 71 v 48 0.34

Tumor budding (low v high grade) 96 v 92 0.01 98 v 80 0.008 80 v 76 0.39 69 vs 53 0.25

Poorly differentiated cluster (negative v positive) 96 v 100 0.35 97 v 100 0.78 80 v 83 0.82 70 v 50 0.15

LV lymphovascular, PnI perineural invasion, significant values are presented as italized data

Int J Colorectal Dis (2019) 34:905–913 909



910 Int J Colorectal Dis (2019) 34:905–913

Fig. 2 a Disease-specific survival (DSS) according to tumor budding. b Overall survival (OS) according to CDX2 expression



magnitude of its benefit in stage II is still debatable. In this
stage, pathological factors as T4, lymphovascular and peri-
neural invasion, bowel obstruction/perforation, < 12 lymph
nodes examined, and a poorly differentiated histology need
to be weighed up to establish the subjective risk of disease
recurrence even though their value in some case is so far
disputed. For instance, tumor grade has not been consistently
associated with increased risk of recurrence in stage II disease
[12, 21–23] while an interobserver variability was demonstrat-
ed [24]. Moreover, it is known that a poor differentiation is
positively correlated with MSI and it does not negatively im-
pact prognosis in this molecularly defined subset of patients
[25]. Furthermore, the methodological approach in assessing
and reporting blood or lymphatic vessel involvement by tumor
may present considerable heterogeneity [24].

Tumor budding, a histopathologic approach to assess tu-
mor aggressiveness, has recently been proposed to define
prognosis of the stage II CC [16, 26, 27]. Moreover, an inter-
national consensus conference suggested that stage II colorec-
tal cancer with high-grade TB might be considered for adju-
vant therapy [15].

Current studies also reported the histologic feature PDCs,
defined as solid cancer nests including ≥ 5 cancer cells, as a
parameter reflecting CC metastatic potential [28, 29]. It
showed a robust prognostic power in a multi-institution path-
ologic review [30].

In our analysis, previous data that pointed out TB as a
prognostic factor for the stage II CCs were confirmed [27,
31, 32]. Indeed, patients with low to intermediate grade had
a better survival compared with those with a high grade of TB
in both univariate and multivariate analysis.

We also observed that tumor size and lymphovascular and
perineural invasion were prognostic in untreated patients.
However, no other pathologic parameters including histolog-
ical grading were significantly correlated with the clinical out-
come. According to a latest study [33], we observed a strong
association between TB and PDCs; nonetheless, no associa-
tion of this histologic feature with clinical outcome has been
detected. However, there are also results consistent with ours
[26] in which TB, but none of the other classical histologic
features, was an indicator of risk recurrence in stage II CC.

Moreover, the number and the type of patients included in
our research as well as the low incidence of disease recur-
rences and deaths observed may explain differences from pre-
vious reports.

Indeed, our cases showed a low proportion of tumor locat-
ed in the left side of the colon and a majority of pT3.
Furthermore, the prevalence of G3 PDCs was just 7%, which
is lower than that reported in other studies for the stage II
(15.3%) while is near to the percentage observed in stage I
(4.1%) [30]. These tumors’ features could explain the high
DSS observed and the lack of a significant association be-
tween PDCs and survival. The work undertaken in our

institution by a multidisciplinary management team for the
early diagnosis of colorectal cancer as well as the considerable
proportion of patients treated with adjuvant chemotherapy
could have contributed to such results.

In keeping with recent investigations [12, 13], by using an
immunohistochemical analysis, we found the lack of expres-
sion of CDX2 in a minority of patients with stage II CC and
observed a strong association between this feature and MSI-H
status. CDX2-negative compared with CDX2-positive cases
showed a worse 5-year OS though the difference was not
statistically significant. MSI-H status, whose frequency was
comparable to that previously reported for stage II [9, 34–36],
did not apparently reduce the risk of recurrence and death in
our study.

In conclusion, to date, we know that, in stage I CC, nothing
is expected but for the tumor’s resection; in stage III, adjuvant
therapy should always follow surgery and, in stage II, patho-
logical factors should be considered to establish the subjective
risk of disease recurrence and decide further treatments.
Nevertheless, so far, we cannot point with certainty to the
choice of these factors to be made, particularly whether the
use of chemotherapy should be just based on morphological
pathologic parameters or on further immunohistochemical
features. In this context, our work, despite the limited sample
size, supports the role of TB in defining risk groups of the
stage II CC. However, confirmatory studies as well as pro-
spective trials drawn with new selection criteria to deliver
adjuvant chemotherapy in this particular setting of patients
are awaited.
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