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Introduction
Colorectal cancer (CRC) is one of the most important public health 
problems and one of the leading causes of cancer mortality in 

industrialized countries. There are about one million new cases of 
CRC worldwide with half a million deaths per year [1]. In cancer 
related deaths, colorectal cancer (CRC) is at 4th position in men and 
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Abstract
Background and aim: Growth pattern of the tumor has been studied for its 
association with survival in colorectal cancer. Among different growth pattern 
evaluating techniques, very little is known about prognostic significance of 
complexity index. The aim of this study was to develop a prognostic model, which 
could be used to predict prognosis in the patients diagnosed with colon carcinoma.

Materials and methods: Formalin fixed paraffin embedded tissues samples from 
316 patients diagnosed with colon carcinoma were used in this study. The slides 
were stained for cytokeratin-8 and images of the invasive front of the tumor were 
captured using a camera mounted onto a microscope. Images were thresholded 
in order to get the tumor area black and the surrounding tissue white. The tumor 
outline was also highlighted as a single pixel line to calculate the fractal dimension 
and number of tumor cells and tumor cell clusters. These two features were then 
used to calculate the complexity index by performing a tree diagram analysis. 
Complexity index was correlated with 5-years survival and other clinicopathological 
data (age, gender, tumor penetration, lymph node metastasis, duke’s stages, 
anatomical localization and differentiation of the tumor) of the patients.

Results: Clinicopathological parameters like tumor metastasis, localization, gender 
and differentiation were significantly associated with tumor complexity index with 
p=0.000, p=0.002, p=0.024 and p=0.000 respectively. A positive trend was also 
observed between complexity index of tumor and age variable (p=0.051). Tumor 
wall penetration, lymph node metastasis and Duke’s stages were not significantly 
associated with tumor growth pattern; complexity index with p=0.997, p=0.857, 
p=0.783 and p=0.647 respectively.

Conclusion: We conclude that complexity index is associated with systemic 
metastasis and tumor differentiation in patients diagnosed with colon carcinoma. 
Complexity index is a reliable objective and quantitative technique used to analyse 
tumor characteristics and can be used as a prognostic tool in the individual 
treatment of colon carcinoma.
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5th among women [2]. CRC is considered 3rd most frequent type of 
cancer worldwide with 90% survival rate at stage 1 and only 10% 
in metastatic cancer [3]. About 25% cases are metastasized to the 
liver at the time of diagnosis that can be treated surgically but 
within 2 years, two thirds of them are relapsed [4]. Nevertheless, 
curative surgery is the most important aspect of treatment. 
In selected patients whom liver can be amenable to surgical 
resection, 5 years survival rates are 35-40% but prognosis is very 
poor for those whose liver metastasis is unresectable [5].

Over the last two decades, CRC patients have improved 5-years 
overall survival. Some patients at advance CRC stages got benefits 
of survival by resection of liver metastasis and improvement in 
surgical methods. Although overall survival in advance CRC 
patients is lower than those who are at early stage but it is 
encouraging to find the outcome prediction of CRC patients to 
device an appropriate therapeutic strategy [6].

Consequently, many researchers have focused on identifying 
biomarkers that could be used to predict the biological behaviour 
as well as response to therapeutic implications in CRC. There are 
several histological variables, that are identified as predicting 
factors in disease development. They include depth of tumor 
invasion, degree of tumor differentiation, presence of metastasis 
and indication of perineural or perivascular tumor invasion [7]. In 
CRC patients, tumor growth pattern is considered as an indirect 
factor that predicts the tumor recurrence [8]. Mounting evidence 
suggest that growth pattern of the tumor has information about 
the metastatic ability of tumor; more irregular shape of the tumor 
invasive front will be responsible for high metastatic potential and 
vice versa [9,10]. The disintegration of tumor cells in the invasive 
front showing an infiltrative type of growth also called tumor 
budding, where high budding has been significantly associated 
with lymphovascular invasion and low survival in CRC patients 
[11,12]. So it is important to uncover the biological events, which 
are occurring during CRC metastasis and formulate some strategy 
to intervene in this process.

In 1986, scientists described two types of tumor growth patterns, 
expansive growth with a smooth tumor-stromal front and an 
infiltrative growth in which the invasive front of the tumor splits 
into clusters [13]. In 1987, Jass et al. identified the invasive 
growth pattern as an important prognostic marker in colorectal 
cancer and found that the infiltrative type has worse prognosis 
compared to tumors with an expansive growth pattern [10].

Jass classification was revisited to see the intra-observer and 
inter-observer reproducibility in 1994, which shows slight to 
fair agreement with kappa values of 0.37 and 0.40 respectively 
[14]. These unsatisfactory results between single and multiple 
observers for classification of growth pattern in CRC evoked the 
importance of objective methods to be used for analysing the 
tumor growth pattern that could be gauged by considering some 
dependable variables of the tumor.

Naturally, all biological objects including tumors show fractal 
geometry and grow according to fractal rules and so it is a more 
valid method to measure complex irregular objects than other 
integer dimensional geometrics such as Euclidean geometry 
in which growth is described in one, two or three dimensions 

[15]. In different areas of biology like molecular biology, vascular 
and tumor pathology, fractal geometry is efficiently used [16]. 
In pathology, fractal dimensions have enabled to differentiate 
between tubular, tubuvillous and villous adenomas of the colon. 
Similarly it is used to distinguish severe dysplasia from benign 
conditions in epithelial connective tissue interface in the floor of 
the mouth [17,18].

In a previous study by Franzen et al. a computer-based technique 
called “complexity index” was developed which objectively 
measures the complexity of a tumor by measuring fractal 
dimensions and number of tumor cells/clusters [19]. These 
two variables were selected to quantitatively measure tumor 
growth pattern as its simple to analyse without any notable 
loss of precision. Previously, complexity index has been studied 
for its correlation with different cell membrane proteins and 
clinicopathological parameters of the patients to discover any 
significance association [20-22].

To our knowledge, no study has been made which analyses the 
tumor growth pattern by complexity index and addresses the 
association between complexity index and prognostic factors 
of patients diagnosed with colon carcinoma. The purpose of 
this study was to investigate the reproducibility and prognostic 
significance of complexity index correlated to the tumor growth 
pattern and clinicopathological parameters like age, gender, TNM 
(tumor penetration, lymph node metastasis, systemic metastasis) 
duke’s stages, anatomical localization and differentiation of the 
tumor of patients diagnosed with colon carcinoma.

Materials and Methods
Patients and clinicopathological data
A total of 316 patients diagnosed with colon carcinoma that 
underwent surgery from 2002-2009 at Orebro University 
Hospital, Orebro, Sweden were selected for this study. The 
patients who were having conditions predispose to CRC (e.g., 
inflammatory bowel disease, preoperative chemo-radiotherapy) 
were excluded. Patients who died as a complication from surgery 
were not included in this analysis as their death was not related 
to tumor biology and can introduced a confounding influence 
on survival results. Cases were anonymized and assigned serial 
numbers along with year of diagnosis. Clinicopathological data of 
the selected patients including age, gender, tumor penetration, 
lymph node metastasis, systemic metastasis, anatomical 
localization of the tumor, tumor differentiation and duke’s stages 
was extracted. The survival data of the patients was also obtained 
from the patient register at Orebro University hospital, Orebro, 
Sweden. Age variable was divided into two groups, below 70 
years or above 70 years. This study was approved by the Ethical 
review board, EPN, Uppsala, Sweden.

Sample preparation
Formalin fixed paraffin embedded blocks from patients diagnosed 
with colon carcinoma were used for this study. For each patient, 
a tumor block was selected. These blocks were incubated on ice 
for at least 15 minutes prior to sectioning. A microtome (LEICA 
RM 2155) was used to obtain 4 µm thick sections of the block. 
The sections were mounted on immunohistochemistry (IHC) 
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glass slides (Superfrost® plus-Thermo scientific) which were 
then dipped in hot water at 50°C in water bath device (Kunz 
Instrument, Histolab). Samples are collected and heated at 62.3°C 
for 1 hour in oven (Nuve, EN400, Lab Klimat AB) and left at room 
temperature to cool.

Immunohistochemistry staining
Slides having sections were pre-treated with EDTA buffer saline 
solution (En Vision™ FLEX Target retrieved solution, Dako, high 

PH 50x) at 97°C for 1 hour. Slides were subsequently washed 
and stored in buffer (En vision™ FLEX wash buffer 20x, PH 7.75) 
until staining. Staining was performed by using Dakos Techmate 
and DAB Envision following the manufacturer’s protocol 
(Dakocytomation, Denmark). The primary antibody, monoclonal 
anti-Cytokeratin (clones AE1/AE3, dilution 1:50, Dako, Denmark) 
was applied to all slides for 30 minutes at room temperature. 
Mounting was performed after immersing slides into ascending 
ethanol concentrations and xylene.

A B C 
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Human colon biopsies showing tumor growth patterns in colon carcinoma. Figure 1A shows expensive tumor growth with 
smooth invasive front (low complexity index), Figure 1B indicates the medium complexity index and Figure 1C shows the 
infiltrative growth pattern with highly coarse invasive front with dispersed tumor cells with high complexity index. (Figure 
1D, E and F) are the same images that are thresholded to get tumor area black with white background. (G, H and I) are 
indicating a tumor invasive front outline during image processing.

Figure 1
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Computer image analysis
Images were captured from the tumor-stromal area of the tumor 
and processed by the same method as described by Franzen et al. 
[19]. Briefly, images were captured by a camera mounted over 
the Leica DMRXE microscope (Leica Microsystems Wetzlar GmbH, 
Germany) at 10X objective. These images were threshold to get 
a) tumor area black to measure fractal dimensions and b) tumour 
cells border marked black to count the number of cells/ clusters. 
These two characteristics of the tumor were used in tree analysis 
to get a complexity index number. This number varies between 
1-5, where 1 indicates smooth border while a 5 complexity index 
shows highly irregular border of the tumor (Figure 1). From each 
sample, as a mean, 9.5 (ranges 5-14) images were captured and 
analysed. Similarly a mean of fractal dimensions and number of 
cells/ clusters was used to estimate a complexity index value.

Statistical analysis
Statistical analysis was performed by using SPSS version 20 (SPSS 
Inc., Chicago, IL, USA) p ≤ 0.05 was considered as significant. 
Kaplan-Meier method was used for survival analysis. To determine 
a correlation between complexity index and clinicopathological 
parameters of the patients, Pearson's Chi-squared and Fisher 
exact test were applied appropriately.

Results
A total of 316 colon carcinoma patients were enrolled in this 
study. Among these patients, 159 (50.32%) were male and 157 
(49.68%) were females. There were 93 (29.43%) patients below 
70 years and 223 (70.57%) at age of 70 years or above. According 
to TNM classification, 4(1.3%) were at T1 stage, 40(12.7%) at 
T2, 168(53.2%) at T3 and 28(8.9%) were at T4 stage. Similarly, 
137(43.4%), 58(18.4%), 44(13.9%) and 1(0.3%) were at N0, N1, 
N2 and N3 stages respectively. For systemic metastasis (M), 
137 (43.4%), 8(2.5%) and 113 (35.76%) were at Mx, M1 and M2 
stages. For differentiation of the tumor, 54 (17.09%) were low 
differentiated, 175(55.38%) were medium differentiated and 
72(22.78%) were highly differentiated tumors. When the samples 
were grouped according to Duke’s classification, 34(10.8%), 
119(37.7%), 101(32.0%) and 12(3.8%) cases were at stage A, B, C 
and D respectively. On dividing samples into right and left colon 
groups, 179(56.65%) and 59(18.67%) were grouped under right 
and left colon respectively (Table 1). The information for TNM 
was missing for 76(24.1%) patients, 15(4.7%) for differentiation, 
50(15.8%) for duke’s stages and 78(24.7%) for localization of the 
tumor.

Tumor growth pattern and patient survival
Among 316 patients diagnosed with colon carcinoma, there were 
163 (51.58%) deaths. To evaluate prognostic effect of tumor 
growth pattern on 5 years survival of the patients, the complexity 
index variable was divided in 3 groups, low complexity index 
(CI=1), medium complexity index (CI=2 and 3) and high complexity 
index (CI=4 and 5). There were 54(17.09%) patients with low 
complexity index, 167 (52.85%) with medium complexity index, 
and 95 (30.06%) patients were included in the high complexity 
index group. Comparing survival with these three groups, showed 
no significantly difference (p=0.522) (Table 2, Figure 2).

Clinicopathological parameters                          Number (% age)
Age Age1 93 29,43

Age2 223 70,57
Gender Male 159 50,32

Female 157 49,68
Tumor infiltration T T1 4 1,27

T2 40 12,66
T3 168 53,16
T4 28 8,86

Lymph node metastasis N N0 137 43,35
N1 58 18,35
N2 44 13,92
N3 1 0,32

Systemic metastasis M MX 137 43,35
M1 8 2,53
M2 113 35,76

Differentiation Low 54 17,09
Medium 175 55,38

High 72 22,78
Duke’s Stages A 34 10,76

B 119 37,66
C 101 31,96
D 12 3,80

Localization Right colon 179 56,65
Left colon 59 18,67

Table 1 Clinicopathological parameters of the samples used diagnosed 
with colon carcinoma.

Tumor growth pattern and clinicopathological 
data of the patients
To examine whether prognostic relationship of complexity index 
is influenced by other clinicopathological parameters including 
age, gender, tumor wall penetration, lymph node metastasis, 
systemic metastasis, anatomical localization of the tumor, tumor 
differentiation and dukes stages, we correlated complexity index 
with these parameters. Significant association of complexity index 
was confined to gender, systemic metastasis of tumor, localization 
and differentiation of tumor. Complexity index was significantly 
higher in females as compared with males (P=0.024). A significant 
association was found between tumor systemic metastasis and 
high complexity index (p=0.000). Similarly, tumors at right colon 
of the patients were significantly associated with complexity index 
(P=0.002). Another positive correlation was found between tumor 
differentiation and complexity index (P=0.000). Those patients 
who were at or above the age of 70 years, were significantly at 
higher risk of colon carcinoma (p=0.051) Tumor wall penetration, 
lymph node metastasis and Duke’s stages were not significantly 

Complexity index Live (N/%) Died (N/%) Total (N/%) P value
Low 26 (8.23) 28 (8.86) 54 (17.09)

0.522
Medium 84(26.58) 83 (26.27) 167 (52.85)

High 43(13.61) 52(16.46) 95(30.06)
Total 153 (48.42) 163 (51.58) 316 (100)

Table 2 Association between complexity index and survival of the 
patients diagnosed with colon carcinoma, Kaplan-Meier’s test.
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associated with tumor growth pattern; complexity index (with 
p=0.997, p=0.857, p=783 and p=0.647 respectively) (Table 3).

Discussion
Colorectal cancer is the third most frequent type and 2nd most 
common cause of cancer related deaths worldwide [23]. The 
landscape of cancer has dramatically changed in recent years with 
the understanding and development of novel targeted therapies 

[24]. In parallel with therapeutic advancement, it is necessary 
to know about the biological characteristics that determine 
the prognosis of this disease. Because of heterogeneity of CRC 
in clinical outcome, great efforts have been made to recognize 
the histological features that can be used to predict the tumor 
behaviour and thus selecting the patients for more appropriate 
therapy.

Many researchers have attempted to find out some prognostic 
markers in CRC and one of the identified predicting factors is 
growth pattern of the tumor [7,10]. In this study, we sought to 
assess whether complexity index of the tumor is associated with 
survival of the patients diagnosed with colon carcinoma.

We analysed complexity index of 316 patients diagnosed 
with colon carcinoma and correlated it with survival as well as 
clinicopathological parameters of the patients. We found that 
complexity index has a significant association with age (p=0.051), 
gender (p=0.024), systemic metastasis (p=0.000), differentiation 
(p=0.000) and localization (p=0.002) of the tumor.

A complexity index is based upon the fractal dimension and 
number of tumor cells/clusters at the invasive front area of the 
tumor, where a more irregular tumor growth has a high complexity 
index value and vice versa. Hahn-Stromberg et al. illustrated 
that when a tumor has irregular border, its size increases which 
is compatible with the tumor progression [20]. So an irregular 
tumor-stromal area has a high complexity index value and ability 
to metastasize to other organs compared with a regular and 
smooth invasive border. A similar significant association between 

Figure 2 Survival curve presenting the different groups of complexity index (CI) and their association 
with survival of the patients diagnosed with colon carcinoma.Survival curve presenting the different groups of 

complexity index (CI) and their association with survival of 
the patients diagnosed with colon carcinoma.

Figure 2

Complexity index
Parameters low medium high P value

Age Age1 12(3.80%) 59(18.67%) 22(6.96%) 0.051
Age2 42(13.29%) 108(34.18%) 73(23.10%)

Gender Male 32(10.1%) 90(28.5%) 37(11.7%) 0.024
Female 22(7.0%) 77(24.4%) 58(18.4%)

T1 1(0.4%) 3(1.2%) 0(0.0%) 0.857
T T2 9(3.8%) 19(7.9%) 12(5.0%)

T3 29(12.1%) 86(35.8%) 53(22.1%)
T4 4(1.7%) 15(6.2%) 9(3.8%)

N N0 26(10.8%) 73(30.4%) 38(15.8%) 0.783
N1 10(4.2%) 29(12.1%) 19(7.9%)
N2 7(2.9%) 21(8.8%) 16(6.7%)
N3 0(0.0%) 0(0.0%) 1(0.4%)

M MX 15(6.2%) 65(27.1%) 57(23.8%) 0.000
M1 1(0.4%) 6(2.5%) 1(0.4%)
M2 27(11.2%) 52(21.7%) 16(6.7%)

Differentiation Low 4(1.3%) 16(5.3%) 34(11.3%) 0.000
Medium 35(11.6%) 104(34.6%) 36(12.0%)

High 10(3.3%) 42(14.0%) 20(6.6%)
Duke’s Stages A 8(3.0%) 18(6.8%) 8(3.0%) 0.647

B 24(9.0%) 65(24.4%) 30(11.3%)
C 16(6.0%) 50(18.8%) 35(13.2%)
D 2(0.8%) 8(3.0%) 2(0.8%)

Localization Right colon 32(10.13%) 86(27.22%) 61(19.30%) 0.002
Left colon 13(4.11%) 40(12.66%) 6(1.90%)

Table 3 Correlation between complexity index and clinicopathological parameters of the patients diagnosed with colon carcinoma.
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complexity index and systemic metastasis has been found in our 
results that are in consistent with other studies [25].

In addition to metastasis, tumor differentiation was also 
significantly correlated with complexity index which indicates that 
as the tumor invasive front becomes more irregular, it is more 
easily differentiated. Likewise, tumors on the right side of the 
colon were significantly higher compared to the left side, which 
is in accordance with previous reports indicating a shift of colon 
carcinoma from left to right colon with time and age [26,27]. Due 
to the higher susceptibility of the right colon, complexity index 
has a significance association with right colon carcinoma.

Our results highlighted a trend of affiliation between the Age 2 
group (age ≥ 70 years) and complexity index; this may be because 
the risk of colon carcinoma increases with age [28].

We also observed a significant association of females being more 
subjected to higher complexity index than males. Studies show 
that males are more exposed to colorectal cancer than females 
and together with high risk, this fact suggests that males are more 
susceptible to rectal cancer and left sided colon cancer while 
females are at a higher risk of right-sided colon cancer [29,30]. 
This discrepancy may be due to the fact that in our study, only 
colon carcinoma patients were enrolled and rectal carcinoma 
patients were excluded. Also the number of right-sided tumors 
was significantly higher in our study.

A previous study indicates that complexity index has a significant 
association with tumor wall penetration but our findings are 
not in agreement with those results. It may be due to the large 
difference in samples size that were analysed in these two 
studies [21]. Similarly we could not find any association between 
complexity index and other clinicopathological parameters like 
lymph node metastasis and tumor duke’s stages. In concordance 
to our results, Mannan A and Hahn-Strömberg V in 2011 found 
the same results [21].

We did not find any association between 5 years survival of 
the patients and complexity index (p=0.522) even though a 
high complexity index is representative of a more infiltrative 

type of tumor which in turn is believed to be associated with 
poor prognosis [31,32]. Recent studies show that adoption of 
resection and chemotherapy has improved the survival rates, 
so this anomaly may be due to the fact that some patients with 
high complexity index/ metastasis got survival benefits when 
undergoing surgical therapy as was explained by Lodge et al. and 
Kemeny et al. [5,33].

There are some limitations in this study as; data on colon 
carcinoma treatment is not available. In addition, the exact cause 
of mortality as well as the data on cancer resurrection was not 
available.

Conclusively, our results did not explain the direct relationship 
between complexity index and survival of the patients diagnosed 
with colon carcinoma. However complexity index is associated 
with higher risk of tumor systemic metastasis, which is well known 
for its prognostic significance. Moreover, we have used 316 colon 
carcinoma patient samples for tumor growth pattern analysis but 
the confirmed systemic metastasis information is available for 
only 121 patients. Thus, further studies with a specific duration 
of follow up are required to explicate the exact mechanism by 
which tumor stromal interactions are affecting the behaviour of 
the tumor.
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