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Abstract. Background: Tumor staging insufficiently discriminates between colon cancer patients with poor and better prognosis.
We have evaluated, for the primary tumor, if the carcinoma-percentage (CP), as a derivative from the carcinoma-stromal ratio, can
be applied as a candidate marker to identify patients for adjuvant therapy. Methods: In a retrospective study of 63 patients with
colon cancer (stage I-1II, 1990-2001) the carcinoma-percentage of the primary tumor was estimated on routine H&E stained
histological sections. Additionally these findings were validated in a second independent study of 59 patients (stage I-III, 1980—
1992). (None of the patients had received preoperative chemo- or radiation therapy nor adjuvant chemotherapy.) Results: Of 122
analyzed patients 33 (27.0%) had a low CP and 89 (73.0%) a high CP. The analysis of mean survival revealed: overall-survival
(0OS) 2.13 years, disease-free- survival (DFS) 1.51 years for CP-low and OS 7.36 years, DFS 6.89 years for CP-high. Five-year
survival rates for CP-low versus CP-high were respectively for OS: 15.2% and 73.0% and for DFS: 12.1% and 67.4%. High
levels of significance were found (OS p < 0.0001, DFS p < 0.0001) with hazard ratio’s of 3.73 and 4.18. In a multivariate
Cox regression analysis, CP remained an independent variable when adjusted for either stage or for tumor status and lymph-node
status (OS p < 0.001, OS p < 0.001). Conclusions: The carcinoma-percentage in primary colon cancer is a factor to discriminate
between patients with a poor and a better outcome of disease. This parameter is already available upon routine histological
investigation and can, in addition to the TNM classification, be a candidate marker to further stratify into more individual risk
groups.
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1. Introduction

Colorectal cancer (CRC) is the fourth most com-
mon form of cancer occurring worldwide, with an es-
timated 1.02 million new cases diagnosed each year. It
affects men and women almost equally. Large differ-
ences exist in survival, associated with disease stage. It
is estimated that 529,000 deaths from colorectal can-
cer occur worldwide annually, causing colorectal can-
cer to be the second most common cause of death from
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cancer in men in the European Union and the United
States [1].

The current method for staging of colorectal can-
cer is according to the TNM classification. TNM is the
most widely used system for classifying the anatomic
extent of cancer spread and important for decision
making in therapy [2]. Information on nodal involve-
ment is an important part of CRC staging since metas-
tasis to regional lymph nodes (LNs) is one of the
most important factors relating to the prognosis of
colorectal carcinomas. Patients with metastatic LNs
have a shorter survival and require adjuvant systemic
chemotherapy. Despite this, nodal involvement alone
is not considered sensitive enough to discriminate be-
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tween patients with poor and better prognosis, because
up to 20-40% of patients with invasive tumors, but
without demonstrated nodal involvement, die of their
cancer [3].

The five year survival for colon cancer stage II pa-
tients (AJCC staging) is 85% for stage IIA and 72% for
stage IIB [4]. There is controversy in the necessity of
adjuvant treatment as is shown in several studies [5-9].
During the ASCO Annual Meeting (June 2-6, 2006,
Atlanta, GA) recommendations for treatment of stage
Il disease were proposed. Experts in GI cancer reported
the results of a meta-analysis on 7 randomized trials
(3,732 patients) and concluded that there is no ratio-
nal to routinely apply adjuvant therapy, with the ex-
ception of high risk cases based on clinical features
(T4, obstruction or perforation), nodal sampling (num-
ber of LNs resected) and prognostic factors. For some
prognostic factors data exist supporting the role to se-
lect patients at risk: loss of chromosome 18q, DCC
(deleted in colorectal cancer-gene) expression, DNA
mismatch repair status (MMR), microsatellite instabil-
ity (MSI), p53 and k-ras mutations, high thymidylate
synthese (TS) expression, and circulating tumor cells
in bone marrow and blood.

Currently extensive research is performed to dis-
tinguish patients with low/high risk profiles on basis
of molecular techniques. Methods aiming at genomic
or expression analysis using array technology or pro-
teomics predominantly focus on the analysis of the pri-
mary tumor [10,11]. So far, genomic and expression
profiling has not led to a clear set of prognostic factors
that can be used for individual patient management.

Recent models on metastatic invasion focus on the
tumor-“host” interface, in particular the role of the
stromal tissue. The biological meaning of the stromal
compartments are thought to be part of the process
of wound healing in cancer, but there is also strong
emphasis that CAFs (cancer-associated fibroblasts) are
important promotors for tumor growth and progres-
sion [12,13].

Assuming these models are correct we anticipate
that changes in the proportion of stromal compartment
in the primary tumor probably reflect progression. We
therefore have determined the carcinoma percentage
(CP), as a derivative from the carcinoma-stromal pro-
portion, and tested this parameter for survival. Surpris-
ingly in a set of patients with a good and bad survival
a clear difference in CP for both groups was observed.
This finding stimulated us to extend our patient group
for further analysis with respect to CP.

In a study of 63 colon patients (stage I-III, 1990-
2001, neither pre-operative chemo- or radiation ther-
apy nor adjuvant chemotherapy) with a mean follow
up of 9.03 (SD 3.1) years we have estimated the CP
on, for diagnostics used, H&E stained sections of the
primary tumors and investigated its relation to overall
(OS) and disease free (DFS) survival. The results of
this study were then validated in a second independent
study of 59 colon patients (stage I, ITI. 1980-1992, nei-
ther pre-operative chemo- or radiation therapy nor ad-
juvant chemotherapy) with a mean follow up of 16.1
(SD 4.3) years. Since for both studies OS and DFS did
not differ (OS p = 0.96, DFS p = 0.53) they were also
analyzed as one series.

2. Material and methods
2.1. Patient recruitment

We selected 63 unspecified colon cancer patients
with stage I-III tumors (clinically staged according to
the tumor-node-metastasis classification of the AJCC
[2]), who underwent curative surgery at the Leiden
University Medical Center between 1990 and 2001.

For the validation study an additional 59 patients
with colon cancer stage I-III were selected who also
underwent curative surgery at the Leiden University
Medical Center between 1980 and 1992.

None of the patients had received preoperative
chemo- or radiation therapy nor adjuvant chemother-
apy. Unlike the situation in the US where patients are
being treated with adjuvant therapy more common, our
patients were not adjuvantly treated. There were no pa-
tients included in this study with known distant metas-
tases at surgery. Further, patients with double tumors,
other malignancies in the past and death or recurrence
(distant or loco-regional) within 1 month, were ex-
cluded. HNPCC patients were also excluded.

All samples were handled in a coded fashion, ac-
cording to National ethical guidelines (“Code for
Proper Secondary Use of Human Tissue”, Dutch Fed-
eration of Medical Scientific Societies). For detailed
patient characteristics see Table 1.

2.2. Histopathological protocol

Pathological examination entailed routine micro-
scopic analysis of 5 um H&E stained sections from
the most invasive part of the primary tumor. The car-
cinoma percentage was visually estimated by two per-
sons (HM, WM) on the whole tumor area, on basis
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Table 1
Patient characteristics
Characteristics Original series Validation series
CP-low CP-high CP-low CP-high
Gender N (%) N (%) N (%) N (%)
Male 9 (50.0) 25 (55.6) 10 (66.7) 28 (62.2)
Female 9 (50.0) 20 (44.4) 5(33.3) 16 (36.4)
Mean age (yrs)™"" 69.6 (sd 15.3) 67.6 (sd 12.3) 65.3 (sd 12.6) 66.8 (sd 12.5)
Location tumor
Left 6(33.3) 14 (31.1) 10 (62.5) 18 (41.9)
Right 12 (66.7) 31 (68.9) 6(37.5) 25 (58.1)
T status
T1 0(0) 4(8.9) 0(0) 0(0)
T2 2 (11.1) 6(13.3) 0(0) 24 (54.5)
T3 12 (66.7) 27 (60.0) 10 (66.7) 20 (45.5)
T4 4(222) 8(17.8) 5(33.3) 0(0)
N status
NO 4(222) 38 (84.4) 2(13.3) 22 (50.0)
N1 7 (38.9) 6(13.3) 9 (60.0) 18 (40.9)
N2 7(38.9) 1(2.2) 4 (26.7) 409.1)
Stage
1 2 (11.1) 8(17.8) 0(0) 16 (36.4)
A 2 (11.1) 24 (53.3) 2(13.3) 6 (13.6)
1B 0(0) 6(13.3) 0(0) 0(0)
IIIA-C 13 (72.2) 7 (15.6) 13 (86.7) 22 (50.0)
Unknown 1(5.6) 0(0) 0(0) 0(0)
Grading (differentiation)
Well 5(27.8) 9 (20.0) 1(6.7) 9 (20.5)
Moderate 10 (55.6) 27 (60.0) 6 (40.0) 22 (50.0)
Poor 2 (11.1) 4(8.9) 8(53.3) 10 (22.7)
Unknown 1(5.6) 5(11.1) 0(0) 3(6.8)
MSI
MSS 16 (88.9) 34 (75.6) 15 (100) 34 (71.3)
MSI-H left sided 0(0) 0(0) 0(0) 1(2.3)
MSI-H right sided 2 (11.1) 11 (24.4) 0(0) 9(20.4)

* Original series: mean age defined as period from birth until diagnosis. Validation series: mean age defined as period from birth until resection.

** Difference statistically not significant in the original and validation series.

All tumors were radically resected (RO).

of morphological information (for clarity reasons we
only give carcinoma percentages but complementary
will give the stromal percentage; e.g. CP 70% implies
a stromal percentage of 30%). In case of tumor het-
erogeneity, areas with the lowest CP were considered
decisive as is performed in routine pathology to de-
termine tumor differentiation. Percentages were scored
ranging from 20 to 90%. Percentages of 10 and 100%
were not seen. Shortly the protocol: H&E sections of
the tumor with the most invasive part of the primary
tumor were chosen. Using a 2.5 or a 5x objective
the invasive area with the desmoplastic stroma was se-

lected. Subsequently, using a 10x objective only the
fields were scored where the stroma was infiltrated
with small tumor nests within all sides of the image
field. The tumorpercentage was estimated (per ten-
fold: 10, 20, 30% etc.) per image-field. The lowest
scored percentage was considered decisive. In some
cases of necrosis or mucus forming tumors, scoring of
the stroma percentage was more difficult and some-
times caused over- or underscoring.

For the identification of MSI-H (MSI-high) patients,
5 um slides were immunohistochemically stained for
the markers MLH1 and PMS2 [14,15].
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2.3. Statistics

Overall Survival (OS) was defined as the time pe-
riod between the date of primary surgery and the date
of death from any cause or the date of last follow-up.
Disease Free Survival (DFS) was defined as the time
from the date of primary surgery until the date of death
or to the date of first loco-regional or distant recurrence
(irrespective of site) or the date of a second primary
tumor whatever occurs first. If no recurrence or sec-
ond primary tumor occurred DFS was calculated as the
time period until date of last follow-up. To calculate
Disease Specific (Overall) Survival (DS-OS) and Dis-
ease Specific (Disease Free) Survival (DS-DFS) death
was restricted to death due to colon cancer.

Tumor status, lymph node status and status of
present metastases were applied according to AJCC/
TNM guidelines.

Right sided tumors were defined as follows: co-
ecum, colon ascendens, flexura hepatica, colon trans-
versum and for left sided: flexura lienalis, colon de-
scendens, colon sigmoideum, rectosigmoideum.

Carcinoma percentage (CP) was defined as CP-low:
<50% including the values 20, 30 and 40% tumor and
CP-high: >50% including the values 50, 60, 70, 80 and
90%.

Analysis of the survival curves was performed us-
ing Kaplan—Meier Survival Analysis and differences
in equality of survival distributions were tested with
the Log Rank Statistics. The Cox proportional hazards
model was used to determine the Relative Risk (RR) or
Hazard Ratio (HZ) of explanatory variables on OS and
DFS.

Differences in OS and DFS between in the original
series of 63 patients (original series) and the validation
series of 59 patients (validation series) were tested by
Kaplan—Meier Survival Analysis.

3. Results
3.1. Patient demographics

The original study (training set) consisted of 34 men
(54%) and 29 women (46%), with a mean age of 68.2
years (SD 13.1; range 21.7-91.4 years). From sixty-
three primary tumors 20 (32%) were located left sided
and 43 (68%) right sided.

For the validation study 38 men (64.4%) and 21
women (35.6%) were included with a mean age of
66.4 (SD 12.5; range 30.1-85.0 years). Twenty-eight

(47.5%) were located left sided and 31 (52.5%) right
sided.

Right sided tumors included were: coecum (n = 36),
colon ascendens (n = 17), flexura hepatica (n = 8)
and colon transversum (n = 13) and for left sided:
flexura lienalis (n = 2), colon descendens (n = 1),
colon sigmoideum (n = 32) and rectosigmoideum
(n = 13). For all patients tumors were radically re-
sected (RO). For detailed TNM patient characteristics
see Table 1.

3.2. Determination of the cut-off level for carcinoma
percentage

We determined the optimal threshold level of CP on
the basis of a maximum discriminating power for OS
and DFS in the original study (training set) (see Ta-
ble 2). This approach resulted in a cut-off point for CP
at the 50% level for further analysis. Consecutively we
applied this cut-off level for the validation series and
the combined series. Results of the last two series were
in line with those obtained for the original study.

3.3. Histopathology

Routine H&E stained slides from the most invasive
part of the tumor were microscopically analyzed for
the presence of stromal involvement using a 5x and a
10x objective. This desmoplastic stroma was not re-
lated to the total tumor size. We observed areas with

Table 2
Determination of the CP 50% cut-off value of the original series

Carcinoma percentage Original series

oS DFS
<40 277 1.53
>40 4.46 3.86

p=0.236 p = 0.085
<50 1.40 1.36
>50 5.40 4.82

p = 0.001 p = 0.0000
<60 327 2.26
>60 551 5.31

p=0.016 p = 0.001
<70 3.66 2.76
>70 573 5.55

p = 0.047 p = 0.006
<80 2.85 3.08
>80 3.14 5.6

p=0.235 p=0.058
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abundant stroma (CP-low) with a size as large as one
microscopic field (100x total magnification), but also
larger areas matching 2—4 fields were seen or even
more, independent from the size of the tumor.

In general the CP was estimated on one single repre-
sentative section from the primary tumor only. From 38
patients our archive contained multiple H&E stained
slides from different areas of the same primary tumor,
which allowed us to investigate how the scored CP per-
centage depended on the sampling. We noticed some
heterogeneity in the CP percentage throughout the tu-
mor. However, areas with the highest infiltration depth
(T stage) had the lowest CP percentage whereas at the
borders of the tumor, in case heterogeneity was found,

the CP was higher. For clinical use of the CP percent-
age we therefore recommend the evaluation of sections
taken from areas of the primary tumor with the highest
T stage, which is common clinical practice.

Preliminary information of a new study by our group
(to be published) shows a high agreement in the scor-
ing for CP-low versus CP-high between three patholo-
gists (p < 0.0001). Within the 27 discrepancies found
for the three observers, 6 (22%) were within the 40—
50% decision range.

Examples of images of H&E stained slides from the
primary tumor from patients with a low CP (30%) and
a high CP (80%) are given in Fig. 1. Incidentally, slides
from the same tissue were differentially stained for tu-

Fig. 1. H&E stained 5 pm paraffin sections of primary colon tumors. Carcinoma percentage estimated as 80% in a patient with long OS/DFS:
(a) H&E staining; (b) cytokeratin staining for carcinoma cells; (¢) vimentin staining of stromal compartments. Carcinoma percentage estimated
as more than 30% in patient with short OS/DFS: (d) H&E staining; (e) cytokeratin staining for carcinoma cells; (f) vimentin staining of stromal

compartment.
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mor cells and stromal cells using antibodies specific for
cytokeratin and vimentin respectively in order to check
the status of the carcinoma-stromal proportion. This
immunohistochemical method proved that the morpho-
logical judgment of the CP as used here was adequate.

3.4. Correlation with prognosis

3.4.1. Original series

From 63 patients analyzed 18 (28.6%) had a low CP
and 45 (71.4%) a high CP. The mean OS for patients
with CP-low was 1.40 years and 5.40 years for CP-
high (p < 0.0001, HZ 4.31) (DFS p < 0.0001, HZ
4.53). Five year survival rates for OS and DFS for CP-
low compared to CP-high patients were respectively
16.7%/11.1% and 77.8%/68.9%.

CP was compared to LN status, tumor status and
stage. Significant differences of OS and DFS were
found, respectively for LN status and staging. Tumor
status did not show significant difference. For detailed
data see Tables 2, 3, 4, 5 and Fig. 2.

Table 3

3.4.2. Validation series

From 59 patients analyzed 15 (25.4%) had a low CP
and 44 (74.6%) a high CP. The mean OS for patients
with CP-low was 1.82 years and 8.64 years for CP-
high (p = 0.0001, HZ 3.45) (DFS p < 0.0001, HZ
3.91). Five year survival rates for OS and DFS for CP-
low compared to CP-high patients were respectively
13.3%/13.3% and 68.2%/65.9%.

With respect to the TNM parameters significant dif-
ferences of OS and DFS were found, respectively for
LN status and for tumor status, but not for stage. For
detailed data see Tables 2, 3, 4, 5 and Fig. 3.

Both series (original and validation) were selected
on basis of the same selection criteria. Since there was
no significant difference between both series for OS
and DFS (OS p = 0.96, DFS p = 0.52) it was decided
to combine the two sets and analyze them as one series.

In this combined series of 122 patients the OS for
patients with CP-low was 2.13 years and 7.36 years for
CP-high (p < 0.0001, HZ 3.74) (DFS p < 0.0001, HZ
4.18). See Tables 2, 3, 5 and Fig. 4a, b.

P values (univariate) for CP and TNM parameters

Combined series

Original series

Validation series

Total Left Right Total Left Right Total Left Right
n =122 n =48 n =74 n =063 n = 20 n =43 n =59 n =28 n = 31
CP
oS <0.0001 0.0764 <0.0001 <0.0001 0.2512 <0.0001 0.0001 0.1594 0.0001
DFS <0.0001 0.0095 <0.0001 <0.0001 0.0811 <0.0001 <0.0001 0.0598 <0.0001
DSS/0S™ 0.0061 0.3157" 0.0056
DSS/DFS 0.0015 0.1942" 0.0038
LN status
oS <0.0001 0.2446 <0.0001 <0.0001 0.0855 0.0002 0.0477 0.5223 0.0034
DFS <0.0001 0.1857 <0.0001 <0.0001 0.0072 0.0002 0.0347 0.5207 0.0034
DSS/0S 0.0035 0.0472 0.0435
DSS/DFS 0.0015 0.0042 0.0402
Tumor status
oS 0.0091 0.2245 0.1905 0.1865 0.2458 0.1073 0.0003 0.0511 0.0071
DFS 0.0060 0.0378 0.0297 0.1405 0.0260 0.1881 0.0007 0.0475 0.0167
DSS/0S 0.0054 0.0675 0.0031
DSS/DFS 0.0003 0.0104 0.0018
Stage
oS <0.0001 0.1905 0.0001 0.0001 0.1198 0.0006 0.0836 0.5427 0.0204
DFS <0.0001 0.0297 <0.0001 <0.0001 0.0015 0.0010 0.0518 0.2761 0.0206
DSS/0S 0.0028 0.0510 0.0540
DSS/DFS 0.0001 0.0018 0.0169

* Discrepancy caused by one patient outlier; low CP, long survival.
** DSS: Disease specific survival.
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Table 4
Percentage of patients alive 5 years after operation for overall and disease free survival
Combined series Original series Validation series
Total Left Right Total Left Right Total Left Right
CpP
Low 15.2/12.1° 28.6/21.4 5.3/5.3 16.7/11.1 33.3/16.7 8.3/8.3 13.3/13.3 25.0/25.0 0/0
High 73.0/67.4 64.7/55.9 78.2/74.5 77.8/68.9 71.4/57.1 80.6/74.2 68.2/65.9 60.0/55.0 75.0/75.0
LN status
NO 78.8/71.2 70.8/58.3 83.3/78.6 78.6/69.0 71.4/57.1 82.1/75.0 79.2/75.0 70.0/60.0 85.7/85.7
N1 40.0/37.5 42.1/36.8 38.1/3801 30.8/23.1 40.0/20.0 25.0/25.0 44.4/44.4 42.9/42.9 46.2/46.2
N2 12.5/12.5 20.0/20.0 9.1/9.1 12.5/12.5 0/0 14.3/14.3 12.5/12.5 25.0/25.0 0/0
Tumor status
T1 75.0/75.0 50.0/50.0 100/100 75.0/75.0 50.0/50.0 100/100 wE o o
T2 81.3/78.1 78.9/73.7 84.6/84.6 87.5/817.5 83.3/83.3 100/100 79.2/75.0 76.9/69.2 81.8/81.8
T3 52.2/44.9 39.1/26.1 58.7/54.3 59.0/46.2 45.5/18.2 64.3/57.1 43.3/43.3 33.3/333 50.0/50.0
T4 29.4/29.4 25.0/25.0 30.8/30.8 41.7/41.7 100/100 36.4/36.4 0/0 0/0 0/0
Stage
I 84.6/80.8 75.0/68.8 100/100 80.0/80.0 71.4/71.4 100/100 87.5/81.3 77.8/66.7 100/100
ITA 76.6/64.7 57.1/28.6 81.5/74.1 80.8/65.4 66.7/33.3 85.0/75.0 62.5/62.5 0/0 71.4/71.4
1B 66.7/66.7 100/100 60.0/60.0 66.7/66.7 100/100 60.0/60.0 wE w* o
A-C 32.7/30.9 37.5/33.3 29.0/29.0 25.0/20.0 33.3/17.7 21.4/21.4 37.1/37.1 38.9/38.9 35.3/35.3
* OS/DFS.
*% no patients with this classification in series.
Note: for 5 year and 10 year survival comparative data were observed.
Table 5
Cox proportional Hazards regression (univariate)
n Topography OS or DFS Hazard ratio 95% CI
Combined series 122 Total colon oS 3.74 2.32-6.01
DFS 4.18 2.63-6.65
48 Left sided oS 1.98 0.92-4.27
DFS 2.51 1.22-5.17
74 Right sided oS 9.56 4.70-19.48
DFS 9.14 4.55-18.38
Original series 63 Total colon oS 431 2.15-8.66
DFS 4.53 2.31-8.90
20 Left sided (N 2.07 0.58-7.40
DFS 2.75 0.84-8.95
43 Right sided oS 7.50 3.09-18.22
DFS 6.15 2.62-14.44
Validation series 59 Total colon oS 3.45 1.77-6.74
DFS 391 2.03-7.51
28 Left sided oS 1.99 0.75-5.27
DFS 2.38 0.94-6.03
31 Right sided oS 16.93 4.60-62.27
DFS 21.06 5.03-88.14
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Fig. 2. Kaplan—Meier curves of the original series for CP-low and
CP-high patients: (a) OS and (b) DFS. The dashed line indicates the
S-year survival time.

In a multivariate Cox regression analysis, CP re-
mained an independent variable when corrected for ei-
ther stage (OS p < 0.001, HZ 0.39, 95% C10.22-0.71)
(DFS p < 0.0001, HZ 0.34, 95% CI 0.19-0.60) or for
tumor status and LN status (OS p < 0.001, HZ 0.37,
95% CI 0.20-0.68) (DFS p < 0.0001, HZ 0.34, 95%
CI10.19-0.61).

A large difference was observed between 5 year sur-
vival rates for both CP groups. A comparison with the
conventional TNM parameters is given in Table 4.
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Fig. 3. Kaplan—Meier curves of the validation series for CP-low and
CP-high patients: (a) OS and (b) DFS. The dashed line indicates the
S-year survival time.

3.5. Topography and the MSI status

We have investigated the topography (left and right
sided) and the MSI status separately, known to be pa-
rameters that have impact on prognosis.

3.5.1. Left sided and right sided tumors

The combined series consists of 122 patients of
which in 39% (n = 48) of the cases the tumor was lo-
cated left sided (a) in the colon and in 61% (n = 74)
right sided (b).

(a) Sixteen (33.3%) of the left sided tumors had a
low CP and 32 (66.7%) a high CP (OS p = 0.0764, HZ



Fig. 4. Kaplan-Meier curves of the combined series for CP-low and CP-high patients: (a) OS and (b) DFS of the complete set of patients,
(c, d) represent the OS and DFS of the left sided tumors and (e, f) of the right sided tumor. The dashed line indicates the 5-year survival time.

o Cum Survival

W.E. Mesker et al. / The carcinoma—stromal ratio of colon carcinoma

1.0 p<0.0001
8
8
4]
3
= CP-high
>
5, — CP-low
7]
£
1
o T T
0.0
0 5 10 20 25
Overall Survival [years]
(a)
1.0 p=0.0764
8
8
n
©
2
5
32
£
>
o T T
0.0
0 5 10 15 20 25
Overall Survival [years]
(©)
10 p<0.0001
8
8
4
™
2
1 2
z @
£
1
v v . O
0 0.
0 5 10 15 20 25

Overall Survival [years])

(e)

1.0 p<0.0001
. p
6 ]
.44
©
2
s |
‘% 2
E
1
o . v
00 0 5 10 15 20 25
Disease Free Survival [years]
(b)
1.0 p=0.0095
. p
6 ]
4 CP-high
©
2
>
5 2 j CP-low
7]
E
1
o . v
00 0 5 10 15 20 25
Disease Free Survival [years]
(d)
1.0 p<0.0001
. p
6 ]
.44
2
0 .
0 5 10

Disease Free Survival [years]

®

395



396 W.E. Mesker et al. / The carcinoma—stromal ratio of colon carcinoma

1.98; DES p = 0.0095, HZ 2.51). OS and DFS were
not significantly different for LN status but for DFS
tumor status and stage differed significantly. However
disease specific survival (DSS) did show significant
values for all parameters (Table 3).

(b) Eighteen (24%) of the right sided patients had
a low CP and 56 (76%) a high CP. Survival analysis
using Kaplan—Meyer showed highly significant values
for OS and DFS (OS p < 0.0001, HZ 9.56; DFS p <
0.0001, HZ 9.14). Five year survival rates (OS/DFS)
for CP-low compared to CP-high patients were respec-
tively 5.3%/5.3% and 78.2%/74.5%. Significant dif-
ferences for the TNM parameters were found, respec-
tively for LN status and for stage, but not for DFS for
tumor status. See Tables 3, 4 and Fig. 4c—f. We con-
clude that CP is of prognostic value for patients with
either a left or right sided tumor, although for patients
with a right sided tumor this is more evident.

3.5.2. MSI status

Twenty-three (18.9%) out of 122 patients showed
abrogation of MLH1 and PMS2 and were MSI-H. One
MSI-H patient had a colon carcinoma located left sided
and 22 patients right sided.

Two patients with right sided tumors had a low CP.
For MSI-H the five year survival rates for OS and DFS
for CP-low patients compared to CP-high were respec-
tively 0%/0% and 81.5%/76.6%.

Excluding the MSI-H tumors from analysis resulted
in identical data for OS and DFS (OS p < 0.0001, DFS
p < 0.0001 for both series). Since both series were not
significantly different with respect to CP values (p =
0.3), OS (p = 0.3) and DFS (p = 0.3) we can conclude
that these results indicate that the prognostic power of
CP remained independent of MSI status.

3.6. Relation with tumor stage

Twenty-six patients were classified as stage I, 34
stage IIA, 6 stage IIB and respectively 8, 31 and 16
stage IIIA, B or C (Table 1).

The mean OS for CP-low versus CP-high for stage
I and II patients was 3.96 years (range 1.30-6.62) and
10.33 years (range 8.80-11.86) (p = 0.026). For DFS
this was 3.74 years (range 1.93-5.56) and 9.93 years
(range 9.64-12.92) (p = 0.0007).

The mean OS for CP-low versus CP-high for stage
IITA-C patients was 3.85 years (range 1.12—-6.58) and
9.61 years (range 8.04-11.19) (p = 0.076). For DFS
this was 2.13 years (range 0.88-3.38) and 9.73 years
(range 6.67-12.79) (p < 0.0001).

These results indicate that CP can be a discrimina-
tive parameter for as well low as high staged patients.

4. Discussion

The carcinoma-stromal composition is an impor-
tant prognostic parameter as is proven in the presented
studies in patients with stage I-III colon cancer. The
determined carcinoma percentage (CP) classification
can easily be applied in routine pathology in addition
to the TNM classification to select patients with in-
creased risk for recurrence of disease. Although statis-
tical analysis of two independent series proved that CP
is an independent parameter, we realize that the series
that were analyzed are relatively small.

The use of adjuvant therapy for stage II patients
remains controversial, and the identification of reli-
able prognostic factors may aid therapeutic decision-
making. In our study we noticed a high number of pa-
tients with a low carcinoma percentage (CP-low) de-
pending on stage, from 7.7% in stage I to 68.7% in
stage IIIC patients. For stage I, II patients OS and DFS
was significantly lower for patients with CP-low com-
pared to patients with CP-high; 3.96/3.74 years versus
10.33/9.93 years (OS p = 0.0255, DFES p = 0.0007).

Three out of 4 (75%) stage Ila patients with CP-low
died within 5 years due to their disease and 5 out of
30 (17%) patients with CP-high died within 5 years
(sensitivity 37.5%, specificity 96.2%). For stage III pa-
tients, 22 out of 26 (96%) with CP-low died within
5 years due to their disease and 14 out of 29 (64%)
patients with CP-high died within 5 years (sensitiv-
ity 61%, specificity 70%). Although the sensitivity is
quite low, the specificity is very high and therefore CP-
low in stage II patients could be indicative for adju-
vant therapy or better-individualized treatment for an
additional group of patient. In contrast, for stage III
patients the sensitivity is too low and would result in
undertreatment of patients.

Notably, in Northern European countries for stage
IT patients standard treatment does not include adju-
vant treatment with chemotherapy, although for high
risk patients the ESMO (European Society for Med-
ical Oncology) recommends adjuvant treatment. In a
recent study treatment with FOLFOX resulted in a rel-
ative reduction on risk of recurrence of 28% for high
risk patients [16,17].

Our results for stage II patients are encouraging,
nevertheless we should confirm our results in a much
larger patient set. Our future research is directed to this
goal.

Furthermore we observed that for the patients with a
low CP the T stage is of less importance and that there-
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fore these tumors might have a different mechanism
for metastasizing.

Invasion and metastasis of colorectal cancers in-
clude various steps, such as proteolysis, adhesion, an-
giogenesis and cell growth, for which many genes
have been identified [18]. In the proteolysis step, pro-
teinases, which are produced by cancer cells but also
by fibroblasts, degrade extracellular matrix (ECM)
components and enable cancer cells to detach from the
primary site [19]. In our study an increase of stromal
cells in the primary tumor correlated significantly with
poor prognosis. Malignancy emerges from a tumor-
host microenvironment in which the host participates
in the induction, selection and expansion of the neo-
plastic cells [20]. The stromal matrix has been shown
to influence epithelial cell function in both malignant
behavior and nonmalignant differentiation [21]. Stro-
mal cell activation may be reflected in modifications of
the adjacent ECM that are favorable to the microinva-
sion of cancer cells. This phenomenon could explain
our findings.

A variety of cell types populate the stromal com-
partment, such as lymphocytes, granulocytes, fibrob-
lasts and endothelial cells. The relative abundance of
each cell type may change at the local site of tumor cell
invasion [22,23].

Cancer cells expressing adhesion molecules are
more likely to adhere to the ECM, leading to subse-
quent invasion and metastases. A prominent example
is the epithelial-to-mesenchymal transition (EMT) dur-
ing the process of wound healing in which cells loosen
their intimate cell—cell contacts and acquire mesenchy-
mal properties which means that epithelial cells can be
converted into fibroblast-like cells. Cancer cells under-
going EMT develop invasive and migratory abilities.
EMT of cancer cells is increasingly being recognized
as an important determinant of tumor progression but
also fibroblasts are implicated to play a role in metas-
tasis [12,24]. A prominent factor to induce EMT is the
transforming growth factor-g (TGF-(3), which medi-
ates fibroblast activation during wound healing [25].
For microarray analysis of gene expression patterns a
wound-response signature is already known for breast
cancer patients showing improved risk stratification
for a poor prognosis independently of known clinico-
pathologic features [13].

Data for microsatellite instability (MSI) and chro-
mosomal instability (CIN) have demonstrated that
these groups are characterized by a different clinical
outcome; tumors originating from the right colon have
a better prognosis than tumors from the left part due

to a high percentage of MSI-H lesions. In a publica-
tion by Gervaz et al. it was even stated that clinical
decision making regarding adjuvant therapy might be
stratified in the future according to MSI status of can-
cer [26]. Tumors with MSI-H rarely metastasize, nei-
ther locally, nor distant, have a more favorable stage
and have been repeatedly reported as a favorable prog-
nostic marker [27,28]. In our study we have excluded
HNPCC patients, therefore patients were only tested
for sporadic MSI-H using immunohistochemical stain-
ing for MLH1 and PMS2, this combination confirms
the abrogation of the MLH1 protein for all MSI-H spo-
radic tumors. For MSI-H patients we found significant
differences in OS and DFS when CP was added as ad-
ditional parameter: 0%/0% versus 81.5%/76.6%.

We observed a difference between left and right
sided tumors. For tumors located right sided in the
colon, significant differences were found for CP, but
also for LN status and stage but less for tumor status.
For the left sided tumors, CP was a significant prognos-
tic factor. All other TNM parameters did not reach sig-
nificance for OS, only DFS for tumor status and stage
were significantly different. However, disease specific
survival (DSS) did show significance for all parame-
ters.

As far as we know, no data are published about the
influence of the carcinoma-stromal proportion on out-
come in primary colon tumors. Although many pathol-
ogists will recognize the feature, the impact on prog-
nosis was not known by now. Our study describes a
candidate parameter that after proper training could be
used in routine diagnosis, in addition to the TNM clas-
sification, to further stratify in more individual risk.
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