
Int J Clin Exp Pathol 2014;7(9):5927-5939
www.ijcep.com /ISSN:1936-2625/IJCEP0001399

Original Article 
Comparison of neuroendocrine differentiation and 
KRAS/NRAS/BRAF/PIK3CA/TP53 mutation status  
in primary and metastatic colorectal cancer

Britta Kleist1, Marcel Kempa2, Michael Novy3, Christian Oberkanins3, Li Xu4, Guojun Li4, Christiane Loland1, 
Micaela Poetsch2

1Department of Pathology, Southern Hospital Trust, Kristiansand, Norway; 2Institute of Legal Medicine, University 
Hospital Essen, Essen, Germany; 3ViennaLab Diagnostics GmbH, Vienna, Austria; 4Department of Head and Neck 
Surgery, The University of Texas M.D. Anderson Cancer Center, Houston, Texas, USA

Received July 13, 2014; Accepted August 21, 2014; Epub August 15, 2014; Published September 1, 2014 

Abstract: Neuroendocrine differentiation of tumor tissue has been recognized as an important prerequisite for new 
targeted therapies. To evaluate the suitability of colorectal cancer (CRC) tissue for these treatment approaches 
and to find a possible link to pretherapeutic conditions of other targeted strategies, we compared neuroendocrine 
differentiation and KRAS/NRAS/BRAF/PIK3CA/TP53 mutational status in primary and metastatic CRC. Immuno-
histochemical expression analysis of neuroendocrine markers chromogranin A and synaptophysin was performed 
on archival CRC tissue, comprising 116 primary tumors, 258 lymph node metastases and 72 distant metastases 
from 115 patients. All CRC samples but 30 distant metastases were subjected to mutation analysis of KRAS, NRAS, 
BRAF, PIK3CA, and TP53. Neuroendocrine marker expression was found significantly less frequently in lymph node 
metastases compared to primary tumors and distant metastases (20%, 31%, 28%, respectively, P = 0.044). KRAS 
mutation rates increased significantly from primary tumors to lymph node metastases and distant metastases with-
in the neuroendocrine negative CRC group (44%, 53%, 64%, respectively, P = 0.042). Neuroendocrine differentia-
tion was significantly less concordant than KRAS/NRAS/BRAF/PIK3CA/TP53 mutational status in primary tumor/
lymph node metastases pairs (65% versus 88%-99%; P < 0.0001) and primary tumor/distant metastases pairs 
(64% versus 83%-100%; P = 0.027 and P < 0.0001, respectively). According to these data, therapeutic targeting of 
neuroendocrine tumor cells can be considered only for a subset of CRC patients and biopsies from the metastatic 
site should be used to guide therapy. A possible importance of lacking neuroendocrine differentiation for progres-
sion of KRAS mutant CRC should be further investigated.
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Introduction

Targeted therapy has become a fundamental 
component in the treatment of advanced colo- 
rectal cancer (CRC). Currently, the most fre-
quently used target is epidermal growth factor 
receptor (EGFR). EGFR-specific monoclonal 
antibodies as cetuximab and panitumumab 
competitively inhibit EGF from binding to its 
receptor, thus blocking activation of main sig-
naling pathways as the RAF/MEK/ERK pathway 
and the PI3K/PTEN/AKT pathway [1, 2]. Res- 
ponse to EGFR inhibitor therapy depends on 
KRAS wild type CRC [3] and might be negatively 
influenced by inactivation of the TP53 gene [4, 
5], loss of PTEN expression [6] and mutations 
in the genes BRAF, NRAS and PIK3CA [7-13].

Data from pharmacodynamic trials on small 
institutional series [14, 15] indicate that at 
least a subset of colorectal cancer patients 
could benefit from combination of EGFR-inhi- 
bitors with everolimus, which was originally 
approved for the treatment of advanced neuro-
endocrine pancreatic tumors [16]. Even if the 
published trial protocols did not mention spe-
cial phenotypic characteristics of the tumors, 
their results focus attention on neuroendocrine 
differentiation in CRC tissue as possible target 
for new oncologic treatment strategies.

Neuroendocrine differentiation in conventional 
CRC is reported with varying frequencies (5%-
77.5%, [17, 18]). To the best of our knowledge, 
only one study [19] considered neuroendocrine 
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differentiation in metastatic CRC, i.e. the tis-
sue, which should be targeted by therapy. A 
possible link between neuroendocrine differen-
tiation and predictive factors for response to 
well-established targeted therapies, for exam-
ple EGFR-inhibitor, has not been reported so 
far.

Therefore, we analyzed immunohistochemical 
neuroendocrine marker (chromogranin A, syn-

the National Data Protection Commission 
(NSD) of Norway and the institutional guide-
lines of our hospital. All tumor samples under-
went histopathologic review (BK). The material 
of 446 CRC (116 primary tumors, 258 out of 
259 collected lymph node metastases and 72 
distant metastases comprising 20 biopsies 
and 52 resection specimens) were considered 
as quantitatively and qualitatively sufficient for 
immunohistochemical analysis. The number of 

Table 1. Clinicopathological details of patients and specimens

Parameter Number 
of cases

Age1 Mean: 66 years. Range: 32-88 years.
Gender1 Male 55 (48%)

Female 60 (52%)
Clinical Stage1 III 68 (59%)

IV 47 (41%)
Type of chemotherapy1 FLV / Xeloda 65 (57%)

FLIRI 12 (10%)
FLOX 15 (13%)
None 23 (20%)

Large intestine tumor site2 Coecum 22 (19%)
Ascending 17 (15%)
Transverse 11 (10%)
Descending 19 (16%)

Sigmoid 19 (16%)
Rectum 28 (24%)

pT stage1 ≤ 2 5 (4%)
3  90 (78%)
4 20 (18%)

pN stage1 0 6 (5%)
1 68 (59%)
2 41 (36%)

Histological Grading2 1 (highly differentiated) 1 (1%)
2 (moderately differentiated) 89 (77%)

3 (poorly differentiated) 26 (22%)
Distant metastatic sites3 Liver 22 (30%)

Abdominal wall 10 (14%)
Peritoneum 7 (10%)

Oment 5 (7%)
Small intestine 4 (5%)

Diaphragm 2 (3%)
Uterus, vagina, ovary, tube 14 (19%)

Lung and pleura 2 (3%)
Adrenal gland 2 (3%)

Pelvis and perivesical fat 2 (3%)
Skin 2 (3%)

1Number of cases = 115; 2Number of primary tumors = 116; 3Number of 
distant metastases = 72.

aptophysin) expression and muta-
tional status of KRAS, NRAS, 
BRAF, PIK3CA and TP53 in prima-
ry and metastatic CRC. To eluci-
date the reliability of testing under 
routine conditions, this study com-
prised unselected material includ-
ing lymph node metastases and 
distant metastases from various 
sites. First, knowledge about inci-
dence and changes of neuroendo-
crine marker expression during 
progression of CRC should be gain- 
ed by comparing each single lym- 
ph node metastasis and each dis-
tant metastasis with its corre-
sponding primary tumor. Second, 
focusing on a more practical app- 
roach for possible future therapy 
decisions, immunohistochemical 
and molecular genetic results 
were compared within individual 
patients.

Material and methods

Tissue sampling and selection

447 formalin fixed paraffin embed-
ded (FFPE) CRC samples and 115 
non-neoplastic FFPE samples fr- 
om 115 patients were collected 
from the tissue archive at Depar- 
tment of Pathology, Southern Nor- 
wegian Hospital Trust, Kristian- 
sand. Tissue and patient data 
were obtained and used after 
approval of the Regional Ethics 
Committee (REK) of Southern Nor- 
way in accordance with the decla-
ration of Helsinki and the Inter- 
national Conference of Harmoni- 
zation - Good Clinical Practice. The 
anonymity of the patients investi-
gated was preserved correspond-
ing to rules of data protection of 
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available tissue blocks varied between individ-
ual cases: There were two to nine blocks per 
primary tumor, one to eight blocks per distant 
metastasis and one block per lymph node 
metastasis (number of lymph node metasta-
ses: one to eight per case). For each case, one 
block from the primary tumor, the blocks from 
all lymph node metastases and all available 
blocks from the distant metastases, respec-
tively, were initially selected for immunohisto-
chemical investigation. When immunohistoche- 
mical analysis revealed heterogeneity between 
primary and metastatic tumor tissue, addition-
al material was obtained from all remaining 
available tissue blocks of the primary tumor. 
Quantity and quality of 116 primary tumors, 
259 lymph node metastases and 42 distant 
metastases (only obtained from resection spe- 
cimens) were considered as sufficient for mole- 
cular genetic analysis. All available blocks 
obtained from the primary tumors and all avail-
able blocks obtained from the distant metasta-
ses of each case were selected for mutation 
analysis. For each case, one lymph node metas- 
tases sample mix containing material from all 
available lymph node metastases was geneti-
cally analyzed.

Immunohistochemistry

Tissue sections (3 µm thick) were mounted, 
deparaffinized in xylene, and rehydrated throu- 
gh descending concentrations of ethanol. For 

analysis of chromogranin A, synaptophysin and 
Ki-67 expression, respectively, antigen retriev-
al was performed using a preheated (85°C) 
Tris-ethylenediaminetetraacetic acid buffer (pH 
9, Dako Cytomation, Glostrup, Denmark) for 20 
minutes at 97°C followed by a resting time of 
20 minutes. Blocking of endogenous peroxi-
dases was accomplished by incubating sec-
tions in 3% hydrogen peroxide (Dako) for 5 min-
utes. The slides were incubated for 30 minutes 
at room temperature with the polyclonal rabbit 
antibody chromogranin A (clone Rb a Hu, 1:500, 
Dako), the monoclonal mouse antibody synap-
tophysin (clone 27 G12, 1:100, Novocastra, 
United Kingdom) and monoclonal mouse anti-
body Ki-67 (clone MIB-1, 1:400, Dako). Immuno- 
staining of chromogranin A, synaptophysin and 
Ki-67, respectively, was performed using the 
Envision + System HRP and visualized by diami-
nobenzidine (Dako), according to the manufac-
turer’s instructions, followed by counterstaining 
with hematoxylin. Normal pancreas islets were 
used as positive control for chromogranin A 
and synaptophysin, and normal tonsil tissue 
was used as positive control for Ki-67. Negative 
controls were performed by omitting the prima-
ry antibodies.

Immunohistochemical slides were reviewed by 
two observers (BK, CL). Regions containing 
chromogranin A- and synaptophysin positive 
cells were identified with low power (× 25) 
microscopy. Patchy (cohesive) immunoreaction 

Figure 1. Frequency of neuroendocrine differentiation scores 0, 1+ and 2+ in primary and metastatic colorectal 
cancer. The photo insets display a lymph node metastases without neuroendocrine differentiation (score 0, × 100), 
a primary tumor with score 1+ synaptophysin expression (× 100) and a distant peritoneal metastasis with score 2+ 
synaptophysin expression (× 100). Different background color in the table positions indicate primary tumors (white), 
lymph node metastases (light grey) and distant metastases (dark grey). Frequency of neuroendocrine negativity 
(score 0) and neuroendocrine positivity (comprising score 1+ and score 2+) are compared separately for mutant 
(m) cases, considering all five genes analyzed in this study.
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was semiquantitatively assessed as percent-
age of positively stained areas related to the 
entire tumor area represented on the slide. In 
the case of disseminated immunoreaction, the 
percentage of chromogranin A/synaptophysin 
expression was evaluated by counting positive 
tumor cells in the areas of highest labeling den-
sitiy (as performed by Pagani et al., [20]) using 
a raster ocular lens at high power (× 400; 0.273 
mm²) microscopy. Chromogranin A and synap-
tophysin reactivity, respectively, was scored 
according to a modified three-tie system estab-
lished by Shia et al. [21], including score 0: no 
staining in tumor cells; score 1+: > 0 and < 30% 
of tumor cells stained; score 2+: ≥ 30% of tumor 

cells stained. Only samples with 
at least 10% neuroendocrine dif-
ferentiation were chosen for Ki-67 
immunohistochemistry. The neu-
roendocrine foci were marked on 
the chromogranin A or synapto-
physin slides and re-identified at 
the Ki-67 slide. The percentage of 
Ki-67 positive tumor cells in 
hotspot areas within the marked 
foci was assessed using a raster 
ocular lens at × 400 magnifica- 
tion.

DNA isolation

Manual microdissection was per-
formed before DNA extraction 
from primary and metastatic CRC 
tissue: A sufficient amount of neo-
plastic tissue was microscopically 
identified on hematoxylin- and 
eosin stained slides. This same 
area was then re-identified on the 
unstained 10 µm dewaxed, rehy-
drated and air-dried tissue sec-
tion and separately isolated with a 
cannula, predominantly without 
adherent non-neoplastic tissue. 
Separately embedded resection 
margins without evidence of 
tumor were used as normal tissue 
for CRC patients. DNA isolation 
from paraffin embedded tissue 
was performed with the High Pure 
PCR Template Preparation Kit 
(Roche Molecular Biochemicals, 
Mannheim, Germany) and the 
innuPrep DNA Minikit (Analytik 
Jena, Jena, Germany). Quality of 

Figure 2. Concordance and discordance of neuroendocrine differen-
tiation in matched primary tumor/lymph node metastases pairs (A), 
primary tumor/distant metastases pairs (B) and distant metastases/
lymph node metastases pairs (C), considering all possible combinations 
of neuroendocrine differentiation scores.

DNA was assessed by agarose gel electro- 
phoresis.

Sequencing analysis

Sequencing analysis of Kras Exon 2 was done 
for part of samples as a means of quality con-
trol with primers F 5’ AGGCCTGCTGAAAATGA- 
CTGAATA and R 5’ CTGTATCAAAGAATGGTCCT- 
GCAC. PCR amplification was performed in 
12.5 µl sample volumes with 1-2 ng of genomic 
tumor or nonneoplastic DNA as template in 15 
mM Tris/HCl, 50 mM KCl, with 200 µM dNTPs, 
1.5 mM MgCl2, 0.1 nM primers, and 1 Unit 
HotStart Taq Polymerase (Applied Biosystems). 
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An initial denaturation and activation step of 8 
min at 95°C was followed by 30-35 cycles of 1 
min at 95°C, 1 min at 55°C and 2 min at 72°C, 
and a 30 min final elongation step at 72°C. 
Sequencing was always carried out in both 
directions with the BigDye sequencing kit 
according to the manufacturer’s instructions 
(Applied Biosystems). Each mutation was veri-
fied by a second sequencing reaction of an 
independent amplification product.

Assessment of Kras mutations with Kras strip 
assay

For assessment of mutation status of Kras 
positions 12, 13 and 61, we used the KRAS 
12/13/61 StripAssay® (ViennaLab, Vienna, 
Austria) according to the manufacturer’s 
instructions. It detects the mutations c.35G > 
C, c.34G > C, c.35G > A, c.34G > T, c.[34G > 
A;35G > T], c.[34G > C; 35G > T], c.34G > A, 
c.35G > T, c.38G > A, c.37G > T, c.182A > G, 
c.183A > T and c.182A > T and includes posi-
tive and negative amplification and hybridiza-
tion controls. As quality control, the mutation 
status was verified by a second reaction direct-

ly by ViennaLab in 54 randomly 
chosen samples with no diver-
gent results.

SNP analysis

Twenty-six recurrent cancer path-
way mutations were included in 
this study as summarized in Table 
S1 (primer sequences partly from 
Dias-Santagata [22], and partly 
self-designed with primer 3 [23]). 
They were combined to two SNa- 
Pshot assays with the additional 
safeguard against artefacts that 
neighbouring mutations were 
never amplified in one assay 
together. For both SNP analyses, 
multiplex PCR was done in a vol-
ume of 12.5 µl in the GeneAmp® 
PCR system 9700 (Applied 
Biosystems) with 0.5-2 ng of DNA 
as template in 15 mM Tris/HCl, 
50 mM KCl, with 200 µM dNTPs, 
1.5 mM MgCl2, 0.1 µM each prim-
er (primer sequences see Table 
S1) and 1.5 Units AmpliTaq Gold 
Polymerase (App-lied Biosyste- 
ms). PCR conditions were: Initial 

Figure 3. Picture of a KRAS strip assay. Design of the teststrip to the left, 
real example showing a c.35G > A mutation in codon 12 to the right.

denaturation and activation step of 8 min at 
95°C, 30 cycles of 1 min at 94°C, 1 min at 
52°C and 2 min at 72°C, and a 45 min final 
elongation step at 60°C. SNaPshot analyses 
were performed with the SNaPshot Multiplex 
kit (Applied Biosystems) (primer sequences see 
Table S1) in accordance with the manufactur-
er’s instructions and evaluated on an ABI310 
Genetic Analyzer. Electrophoresis results were 
analysed using the GeneMapper® ID Software 
v3.2 with self-designed panels and bins sets.

Statistical analysis

The frequencies of neuroendocrine differentia-
tion and KRAS/NRAS/BRAF/PIK3CA/TP53 
mutational status in primary tumors, in lymph 
node metastases and in distant metastases 
were compared using the Chi-square test and 
the Fisher’s exact test. Differences in the fre-
quency of KRAS mutations comparing primary 
and metastatic CRC tissue within the neuroen-
docrine positive tissue group and the neuroen-
docrine negative tissue group were assessed 
by the Cochran-Armitage test for trend and the 
Spearman correlation coefficient. Discordant 
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neuroendocrine differentiation and mutational 
status between distant metastases with sever-
al clinical conditions were compared using Chi-
square test and Fisher’s exact test. Fisher’s 
exact test was used for comparison of concor-
dant and discordant combined neuroendocrine 

metastases were biopsied or resected after 
application of chemotherapy (regimens are list-
ed in Table 1). No chemotherapy was applied 
before sampling or resection of synchronous 
metastases and the remaining 18 metachro-
nous metastases. After follow-up for an aver-

Table 2. Concordance and discordance of combined mutational and neuro-
endocrine differentiation status in matched primary/metastatic CRC pairs

NE4-con5/
Mut6-con

NE-con/
Mut-dis7

NE-dis/
Mut-con

NE-dis/
Mut-dis

KRAS
LN/PT1 64 (59%) 5 (5%) 32 (30%) 7 (6%)

51 (47%) 45 (41%) 11 (10%) 2 (2%)
DM/PT2 26 (62%) 5 (12%) 9 (21%) 2 (5%)

13 (31%) 22 (52%) 4 (10%) 3 (7%)
DM/LN3 19 (61%) 3 (10%) 5 (16%) 4 (13%)

7 (22%) 17 (55%) 3 (10%) 4 (13%)
BRAF

LN/PT 68 (63%) 1 (1%) 39 (36%) 0 (0%)
94 (86%) 14 (13%) 0 (0%) 1 (1%)

DM/PT 31 (74%) 0 (0%) 10 (24%) 1 (2%)
41 (98%) 0 (0%) 0 (0%) 1 (2%)

DM/LN 21 (68%) 1 (3%) 9 (29%) 0 (0%)
30 (97%) 0 (0%) 0 (0%) 1 (3%)
NRAS

LN/PT 68 (63%) 1 (1%) 39 (36%) 0 (0%)
103 (94%) 5 (5%) 1 (1%) 0 (0%)

DM/PT 31 (74%) 0 (0%) 11 (26%) 0 (0%)
41 (98%) 1 (2%) 0 (0%) 0 (0%)

DM/LN 22 (71%) 0 (0%) 9 (29%) 0 (0%)
30 (97%) 1 (3%) 0 (0%) 0 (0%)
PIK3CA

LN/PT 67 (62%) 2 (2%) 37 (34%) 2 (2%)
97 (89%) 8 (7%) 4 (4%) 0 (0%)

DM/PT 31 (74%) 0 (0%) 11 (26%) 0 (0%)
42 (100%) 0 (0%) 0 (0%) 0 (0%)

DM/LN 22 (71%) 0 (0%) 9 (29%) 0 (0%)
31 (100%) 0 (0%) 0 (0%) 0 (0%)
P53

LN/PT 65 (60%) 4 (4%) 38 (35%) 1 (1%)
90 (83%) 14 (13%) 5 (4%) 0 (0%)

DM/PT 31 (74%) 0 (0%) 11 (26%) 0 (0%)
41 (98%) 1 (2%) 0 (0%) 0 (0%)

DM/LN 22 (71%) 0 (0%) 9 (29%) 0 (0%)
30 (97%) 1 (3%) 0 (0%) 0 (0%)
1Lymph node metastasis/primary tumor pairs (n = 109 for mutation status, n = 108 for com-
bined neuroendocrine/mutation status), 2distant metastasis/primary tumor pairs (n = 42), 
3distant metastasis/lymph node metastasis pairs (n = 31), 4neuroendocrine differentiation, 
5concordant, 6mutational status, 7discordant. Mutation status in matched pairs: White = wild 
type (wt)/wt, light grey = mutant (m)/mutant, medium grey = m/wt, dark grey = wt/m.

differentiation/muta-
tional status in pri-
mary and metastatic 
CRC tissue between 
different mutation 
statuses. A P-value of 
less than 0.05 (two-
tailed) was consid-
ered statistically sig-
nificant. All data were 
analyzed by using SA- 
S 9.1.5 (SAS Institute 
Inc., Cary, NC, USA).

Results

Clinical and histopa- 
thological data

Clinical data of the 
patients, histopatho-
logical characteris-
tics of the primary tu- 
mors and distant me- 
tastatic sites are list-
ed in Table 1. Twenty-
seven (38%) distant 
metastases were con- 
sidered as synchro-
nous (occurrence wi- 
thin 6 months after 
primary diagnosis of 
CRC) and 45 (62%) 
distant metastases 
were defined as me- 
tachronous (occurre- 
nce beyond 6 months 
after primary diagno-
sis of CRC) according 
to a definition of Me- 
kenkamp et al. [24]. 
The mean time inter-
val between resec-
tion of the primary 
tumor and develop-
ment of metachro-
nous metastasis was 
26 months. Twenty-
seven metachronous 
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age of 55 months, the tumor related death rate 
was 76%.

Results were compared within three matched 
data sets. The immunohistochemical data sets 
consisted of 258 matched pairs of primary 
tumors and lymph node metastases (A), 72 
matched pairs of primary tumors and distant 
metastases (B) and 54 matched pairs of dis-
tant metastases and lymph node metastases 
(C). For comparison with molecular genetic 
results, data set (A) and (C) were modified and 
consisted of 108 matched primary tumor/
lymph node metastases pairs and 31 matched 
distant metastases/lymph node metastases 

expression and 45 (42%) specimen expressed 
both markers. Examples for neuroendocrine 
marker expression are displayed in Figure 1. 
Finally, a tumor sample was considered posi-
tive, if it expressed at least one neuroendocrine 
marker. According to this definition, 36 (31%) 
out of 116 primary tumors, 51 (20%) out of 258 
lymph node metastases and 20 (28%) out of 72 
distant metastases showed neuroendocrine 
marker expression, comprising scores 1+ and 
2+. Comparison of the three investigated CRC 
groups showed significant difference (P = 
0.044), which can be mainly attributed to the 
low frequency of neuroendocrine differentia-
tion in lymph node metastases compared to 

Table 3. Concordance of neuroendocrine differentiation and muta-
tion status in matched tumor pairs
Comparison LN/PT1 pairs DM/PT2 pairs DM/LN3 pairs
Neuroendocrine versus 168/258 (65%) 46/72 (64%) 39/54 (72%)
KRAS 96/109 (88%) 35/42 (83%) 24/31 (77%)

P4 < 0.0001 P = 0.027 P = 0.598
BRAF 108/109 (99%) 41/42 (98%) 30/31 (97%)

P < 0.0001 P < 0.0001 P = 0.0077
NRAS 108/109 (99%) 42/42 (100%) 31/31 (100%)

P < 0.0001 P < 0.0001 P = 0.0007
PIK3CA 105/109 (96%) 42/42 (100%) 31/31 (100%)

P < 0.0001 P < 0.0001 P = 0.0007
TP53 104/109 (95%) 42/42 (100%) 31/31 (100%)

P < 0.0001 P < 0.0001 P = 0.0007
1Lymph node metastasis/primary tumor pairs, 2distant metastasis/primary tumor 
pairs, 3distant metastasis/lymph node metastasis pairs, 4P = P-value.

Table 4. Comparison of clinical conditions in neuroendocrine and 
mutational discordant distant metastases

Distant Metastases Discordant  
neuroendocrine

Discordant  
mutation

Onset of metastases
    Synchronous 6/27 (22%) 3/18 (17%)
    Metachronous 20/45 (44%) 5/24 (21%)

P1 = 0.057 n.s.2

Postoperative Chemotherapy
    Yes 12/27 (44%) 4/13 (31%)
    No 14/45 (31%) 4/29 (14%)

P = 0.25 P = 0.23
Metastatic site
    Liver 11/22 (50%) 2/10 (20%)
    Non-liver 15/50 (30%) 6/32 (19%)

P = 0.10 n.s.2

1P-value, 2n.s. = not significant.

pairs, respectively, due to con-
sidering only one lymph node 
metastasis with the highest 
immunoreaction score in each 
case. The molecular genetic 
data sets consisted of 109 
matched pairs of primary 
tumors and lymph node 
metastases (A), 42 matched 
pairs of primary tumors and 
distant metastases (B) and 31 
matched pairs of distant 
metastases and lymph node 
metastases (C). For one out of 
these 109 primary tumor/
lymph node metastases pairs, 
the lymph node containing 
sufficient tumor on the HE 
control slide following sam-
pling for DNA analysis dis-
played no tumor tissue on the 
slides for immunohistochemi-
cal analysis. Therefore, this 
tumor pair was excluded from 
comparison with immunohis-
tochemical results.

Immunohistochemical neuro-
endocrine marker expression

Neuroendocrine marker expre- 
ssion was seen in 107 (24%) 
out of 446 tumor samples, 
which were available for immu- 
nohistochemical analysis. Wi- 
thin these 107 positive sam-
ples, 30 (28%) specimen 
showed only chromogranin A 
expression, 32 (30%) samples 
displayed only synaptophysin 
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primary tumors and distant metastases. In 
none of these samples, neuroendocrine differ-
entiation has been recognized during routine 
processing prior to this study. Proliferation 
activity of the neuroendocrine tumor compo-
nent as indicated by immunohistochemical 
Ki-67 labeling was determined for ten primary 
CRC (mean 39%, range 17-71%), 14 lymph node 
metastases (mean 42%, range 13-67%) and 
nine distant metastases (mean 30%, range 
9-54%). Within these groups, all but two prima-
ry tumors, one lymph node metastasis and one 
distant metastasis showed a Ki-67 labeling 
index > 20%, confirming high grade (G3) of the 
neuroendocrine tumor component according to 
the current definition [25]. Distribution of neu-
roendocrine marker expression at different 
scores in primary and metastatic CRC tissue is 
displayed in Figure 1. Concordance and discor-
dance at different scores of neuroendocrine 
marker expression in the three matched data 
sets is displayed in Figure 2A-C. In one case 
with two synchronous primary tumors, both car-
cinomas displayed the same expression score 
(0). For comparison with the corresponding 
lymph node metastasis, these synchronous 
carcinomas were considered as one primary 
tumor, because it could morphologically not be 
determined, which carcinoma was the origin of 
the metastasis. Briefly, neuroendocrine differ-
entiation status irrespective of the score was 
discordant in 35% of the matched primary 
tumor/lymph node metastasis pairs, 36% of 
the matched primary tumor/distant metastasis 
pairs and in 28% of the matched distant metas-
tasis/lymph node metastasis pairs. At compari-
son by score, the discordance rates for matched 
lymph node metastasis/primary tumor pairs, 
distant metastasis/primary tumor pairs and 
distant metastasis/lymph node metastasis 
pairs were lowest at score 0 and highest at 
score 1+. In 21 (32%) out of 66 CRC cases with 
multiple lymph node metastases (range: 2 to 8/
case), matched lymph node metastases show- 
ed discordant neuroendocrine differentiation 
status. Accordingly, in 2 (14%) out of 14 cases 
with multiple distant metastases (range: 2 to 6/
case), matched distant metastases displayed 
discordant neuroendocrine differentiation. 

Mutation analysis

This analysis detected KRAS mutations (exam-
ple displayed in Figure 3) in 133 (50%), BRAF 
mutations in 29 (11%), NRAS mutations in 13 

(5%), PIK3CA mutations in 20 (8%) and TP53 
mutations in 34 (13%) out of 267 CRC samples, 
comprising primary and metastatic tumor tis-
sue, which were available for molecular genetic 
analysis. The mutation rate for each gene in pri-
mary CRC, lymph node metastases and distant 
metastases is displayed in Figure 1. The rates 
of BRAF- and TP53 mutations differed signifi-
cantly between primary tumors and distant 
metastases (P = 0.023 and 0.036, respective-
ly). In 16 primary tumors and 25 lymph node 
metastases, a mutation could be detected in 
two genes (primary CRC with 9x KRAS/TP53, 
3x BRAF/TP53, 2x NRAS/PIK3CA, 1x KRAS/
PIK3CA, 1x BRAF/PIK3CA, and lymph node 
metastases with 11x KRAS/TP53, 6x BRAF/
TP53, 4x KRAS/PIK3CA, 3x NRAS/PIK3CA, 1x 
BRAF/PIK3CA). Mutations in KRAS, NRAS and 
BRAF were mutually exclusive. Distant metas-
tases did not show mutation in more than one 
gene. Concordance and discordance of KRAS/
NRAS/BRAF/PIK3CA/TP53 mutational status 
in the three matched data sets is displayed in 
Table 2. In all three data sets, the discordance 
was highest for KRAS mutational status. 
Discordant mutational status between primary 
tumors and lymph node metastases was found 
for all genes considered in this study. In addi-
tion, eight distant metastases/primary tumor 
pairs showed a discordant mutational status 
(seven for KRAS and one for BRAF). In one 
(10%) out of 10 CRC cases with multiple distant 
metastases available for mutation analysis 
(range: 2 to 4/case), matched distant metasta-
ses displayed discordant mutational status.

Comparison of neuroendocrine differentiation 
and mutational status in primary and meta-
static CRC

The frequency of KRAS, NRAS, BRAF, PIK3CA 
and TP53 mutations in primary and metastatic 
CRC tissue with and without neuroendocrine 
differentiation is displayed in Figure 1. No sig-
nificant differences were found comparing the 
KRAS mutation rate between neuroendocrine 
negative and neuroendocrine positive CRC tis-
sue (comprising primary tumors and metasta-
ses). However, the frequency of KRAS muta-
tions increased significantly comparing primary 
tumors, lymph node metastases and distant 
metastases within the neuroendocrine nega-
tive group (Cochran-Armitage test for trend: P = 
0.044, Spearman correlation coefficient = 
0.1456 [95% CI, 0.0051, 0.2860], p = 0.042), 
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whereas these differences were not significant 
in the neuroendocrine positive group. Compa- 
ring only distant metastases, neuroendocrine 
differentiation was more frequently seen in wild 
type (5/16 cases, 31%) compared to KRAS 
mutant distant metastases (6/26 cases, 23%), 
but this difference was not significant (P = 
0.5585). Furthermore, neuroendocrine nega-
tive CRC showed a higher rate of NRAS-, BRAF-, 
TP53-mutations (comprising primary and meta-
static tumor tissue) and PIK3CA-mutations 
(only comparing lymph node metastases), 
respectively, compared to neuroendocrine pos-
itive CRC, whereas a lower rate of PIK3CA-
mutations was seen in neuroendocrine nega-
tive compared to positive primary tumors. 
These differences were not significant, largely 
due to small sample size. Stratification of 
mutant cases into neuroendocrine score 1+ 
and 2+ is not displayed in Figure 1 because of 
small case numbers in the groups. However, it 
is worthy to mention that one of the three dis-
tant metastases with loss of KRAS mutation 
and the only distant metastasis with loss of 
BRAF mutation showed a higher neuroendo-
crine differentiation score than the correspond-
ing primary tumors harboring these mutations 
(score 2+ and 1+ versus score 1+ and 0, 
respectively).

Table 2 shows concordance and discordance of 
combined neuroendocrine and mutation status 
in the three matched data sets, comparing the 
five genes analyzed in this study. In all data 
sets, the lowest percentage of combined con-
cordant neuroendocrine/concordant mutation-
al status was found for KRAS, but differences 
compared to the other genes were not signifi-
cant. The rare combination of concordant neu-
roendocrine differentiation status with discor-
dant mutation status could exclusively be 
attributed to KRAS in the matched distant 
metastases/primary tumor set (marginal sig-
nificance, P = 0.0551). Focusing on the two 
other matched data sets, this combination was 
also most frequently found for KRAS, but differ-
ences compared to the other genes were not 
significant. The combination of discordant neu-
roendocrine differentiation with discordant 
mutation status was another rare finding, which 
could mainly be attributed to KRAS. However, 
only comparison of matched lymph node meta- 
stases/primary tumor sets between KRAS, 
BRAF and NRAS, respectively, revealed signifi-

cant differences (P = 0.0141). Combination of 
discordant neuroendocrine differentiation with 
concordant mutation status was seen in each 
of the three data sets without obvious differ-
ences between the five analyzed genes.

Neuroendocrine differentiation was significant-
ly less concordant than KRAS/NRAS/BRAF/
PIK3CA/TP53 mutational status in primary 
tumor/lymph node metastases pairs (65% ver-
sus 88%-99%; P < 0.0001) and primary tumor/
distant metastases pairs (64% versus 83%- 
100%; P = 0.027 and P < 0.0001, respectively) 
as displayed in Table 3. Neuroendocrine differ-
entiation was also less concordant than NRAS/
BRAF/PIK3CA/TP53 mutation status in distant 
metastases/lymph node metastases pairs 
(Table 3).

Discordant neuroendocrine and mutational 
status between distant metastases with sever-
al clinical conditions is compared in Table 4. 
Metachronous metastases were more fre-
quently neuroendocrine discordant to matched 
primary tumors than synchronous metastases; 
this difference was marginally significant (P = 
0.057). Discordant neuroendocrine differentia-
tion and mutation status was not associated 
with postoperative chemotherapy or distant 
metastatic site.

Discussion

This study was performed to investigate neuro-
endocrine differentiation and its possible link 
to KRAS/NRAS/BRAF/PIK3CA/TP53 mutation-
al status in primary and metastatic CRC. 
Previous studies on neuroendocrine differenti-
ation in conventional CRC focused mainly on 
primary tumors, which are reported to contain 
a variable amount of neuroendocrine cells, 
largely depending on the method used to 
assess the neuroendocrine cell population [19] 
and diagnostic definitions [26]. Due to the 
known metastatic potential of even small neu-
roendocrine tumor foci [26] and probably differ-
ent biologic impact of chromogranin A versus 
synaptophysin positive tumor cells [27], we 
considered CRC foci of any size ≥ 1% express-
ing at least one of these two markers. By this 
approach, we detected in our primary CRC 
group a frequency of neuroendocrine differen-
tiation, which is placed approximately in the 
middle of the range reported for neuroendo-
crine differentiation in conventional CRC (5%-
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77.5%, [17, 18]) and significantly higher than 
the neuroendocrine differentiation rate in our 
lymph node metastases set. This finding is in 
accordance with data of Volante et al. [19], who 
reported this difference based on a lower neu-
roendocrine marker expression rate in primary 
CRC and lymph node metastases (22.2% ver-
sus 10%, respectively). In contrast to the study 
of Volante et al. [19], who detected by use of 
only one neuroendocrine marker (chromogranin 
A) neuroendocrine differentiation more than 
twice as frequently in distant metastases com-
pared to primary tumors, we found neuroendo-
crine marker expression slightly less frequent 
in distant metastases compared to primary 
tumors. In addition, neuroendocrine differentia-
tion was less evident in our distant metastases 
group (28%) than in the metastases set pub-
lished by Volante et al. [19] (46%), to the best of 
our knowledge the currently only study consid-
ering neuroendocrine differentiation in both, 
primary and metastatic conventional CRC. 
These few diverging results could be in part due 
to different study design (for example ratio 
resected versus biopsied metastases, ratio 
synchronous versus metachronous metasta-
ses, status without or after chemotherapy). 
Nevertheless, the consistent finding of neuro-
endocrine differentiation in a subset of distant 
CRC metastases compared to a significantly 
lower incidence of neuroendocrine marker 
expression in lymph node metastases raises 
the question, whether neuroendocrine differen-
tiation in distant metastases occurs more likely 
“de novo” than it results from implantation of 
circulating neuroendocrine differentiated tumor 
cells at a distant site. The characterization of 
synaptophysin as an integral membrane glyco-
protein, with its expression being probably 
reloaded in the invasion front of CRC [27] could 
support the “de novo” hypothesis in growing 
distant metastases, but only clonal analysis 
can prove this theory. Regardless of the cur-
rently unknown underlying biological back-
ground, practical implication of our findings is 
that targeting neuroendocrine tumor cells 
might help to treat, but not necessarily to pre-
vent distant metastases in lymph node positive 
CRC.

Another focus of this study was the search for a 
link between neuroendocrine differentiation 
and KRAS/NRAS/BRAF/PIK3CA/TP53 muta-
tion status. We found a mutation rate within the 

published range for primary tumors in the case 
of KRAS (32%-45%) [28, 29], NRAS (2.9%-5%) 
[29, 30] and BRAF (7%-17.6%) [29, 31, 32] and 
only slightly lower than the published rates in 
the case of PIK3CA mutations (9%-21%) [29, 
31]. Because of limited material in some cases, 
we searched only for known mutations in 
selected exons of the TP53 gene and detected 
therefore a remarkably lower mutation rate for 
this gene than other authors (30.3%-60%) [29, 
30], who performed sequencing analysis for all 
coding exons. We detected a significantly lower 
BRAF mutation rate in distant metastases than 
in primary tumors as published previously by 
Vakiani et al. [30], whereas higher KRAS muta-
tion rates in lymph node and distant metasta-
ses compared to primary tumors of this study 
could not be confirmed by others [30, 31]. In 
accordance with the literature [30, 31], this 
study revealed a mutation status, which was 
highly concordant in matched primary tumor/
distant metastases and primary tumor/lymph 
node metastases pairs (≥ 98% and ≥ 96%, 
respectively) for BRAF, NRAS, PIK3CA and 
TP53. Considering KRAS mutations, we found 
less concordance for matched primary tumor/
lymph node metastases pairs, which is in line 
with previous reports [31, 33], and a primary 
tumor/distant metastases concordance, which 
can be placed in the middle of the range for 
concordance rates found by systematic review 
of the literature (68%-100%) [34, 35]. A differ-
ent KRAS mutation status between primary 
and metastatic CRC is in contrast to the model 
that alterations in RAS occur early in colorectal 
carcinogenesis [36]. However, other pathoge-
netic points of view and our application of the 
highly sensitive KRAS strip assay might explain 
these results. Previous publications raise the 
hypotheses that KRAS mutations in metastatic 
CRC could have been acquired during the met-
astatic process [37] or derived from primary 
CRC with heterogeneously distributed KRAS 
mutant tumor foci, which are reported to occur 
in 8 to 48% of CRC [31, 38] and already can be 
missed during sampling of the grossing tissue. 
Intrametastatic KRAS mutations of this origin 
might show low copy number requiring highly 
sensitive tests and appropriate sampling for 
correct assessment of the mutation status. 
After stratification of KRAS mutant cases, neu-
roendocrine positive (NE+) metastases showed 
a lower KRAS mutation rate than neuroendo-
crine negative (NE0) metastases, whereas 
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nearly the same frequency of KRAS mutations 
could be demonstrated for NE+ and NE0 pri-
mary tumors. In addition, KRAS mutation rates 
increased significantly, when comparing prima-
ry tumors, lymph node metastases and distant 
metastases within the neuroendocrine nega-
tive CRC group, whereas KRAS mutation rates 
did not significantly differ between primary and 
metastatic tumors of the neuroendocrine posi-
tive CRC group. These findings must be inter-
preted with caution, because of small sample 
size in the analyzed groups. Further studies 
with larger cohorts and other experimental 
design are necessary to elucidate, whether 
neuroendocrine differentiated and KRAS 
mutant tumor cells could be two competing 
subclones during the metastatic process.

Assuming that neuroendocrine differentiation 
could be important for future mono- or multitar-
geted therapies, identification of the optimal 
tissue source for immunohistochemical testing 
is necessary for correct patient selection. In 
matched primary and metastatic CRC pairs, 
neuroendocrine differentiation was significant-
ly less concordant than mutation status of the 
five investigated genes. Beside already dis-
cussed preanalytical and analytical factors as 
heterogeneity of KRAS mutations in primary 
CRC and application of tests with varying sensi-
tivity, undetected synchronous primary tumors, 
a wide variety of investigated metastatic sites 
and cytotoxic therapy are mentioned as rea-
sons for these controversial results [19, 30, 
34]. The two synchronous primary CRCs in this 
study showed the same neuroendocrine and 
mutational status as the corresponding lymph 
node metastasis. Furthermore, various distant 
metastatic sites and postoperative chemother-
apy did not contribute to discordant neuroen-
docrine or mutation status in this study. Dis- 
cordant neuroendocrine differentiation was 
seen twice as high in metachronous compared 
to synchronous metastases, but this difference 
was only marginally significant due to small 
samples size in the investigated groups. There- 
fore, other factors than analyzed in this study 
might affect the concordance of neuroendo-
crine differentiation in primary and metastatic 
CRC.

Even if we were not able to identify the underly-
ing biological or clinical mechanisms, our data 
could have practical consequences. Consi- 

dering the low frequency of neuroendocrine dif-
ferentiation and its relatively high rate of het-
erogeneity between primary and metastatic 
CRC, targeting of neuroendocrine tumor cells is 
an option only for a small subset of CRC 
patients, and biopsies from the metastatic site 
should be used to guide this therapy.
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Table S1. Primer sequences for multiplex PCR and SNaPshot assays
Gene Position Multi-plex Forward primer Reverse primer SNaPshot primer
KRAS 351 1 5’TGAAGATGTACCTATGGTCCT 5’CTGAGCCTGTTTTGTGTCTA ATGGTCCTAGTAGGAAATAA

436 1 5’GCAAGAAGTTATGGAATTCCT 5’TGATTTTGCAGAAAACAGATC ctcTTCCTTTTATTGAAACATCA
NRAS 34 1 TGCTGGTGTGAAATGACTGAG TGGATTGTCAGTGCGCTTTT tcagtcagtcagtcagtcagtcagtcagtcAACTGGTGGTGGTTGGAGCA

35 2 ACTGGTGGTGGTTGGAGCAG
37 1 tcagtcagtcagtcaCAGTGCGCTTTTCCCAACAC
38 2 ctcTCAGTGCGCTTTTCCCAACA

181 1 TGGTGAAACCTGTTTGTTGGA TGATGGCAAATACACAGAGGA tcagtcagtcagACATACTGGATACAGCTGGA
182 2 ctctctCATACTGGATACAGCTGGAC
183 1 tcagtcagtcagtcaCTCATGGCACTGTACTCTTC

BRAF 1799 2 TGCTTGCTCTGATAGGAAAATG CTGATGGGACCCACTCCAT tcagtcagtcagtcagtcagtACCCACTCCATCGAGATTTC
PIK3CA 263 1 CCCCTCCATCAACTTCTTCA AAAAGCCGAAGGTCACAAAG tcagtcagtcagtcagtcagtcagATTTTTTGATGAAACAAGAC

1624 1 GACAAAGAACAGCTCAAAGCAA TTTAGCACTTACCTGTGACTCCA tcagtcagtcagtcagtcagtcagtcagtcagtcagCTACACGAGATCCTCTCTCT
1633 2 ctctctctcATCCTCTCTCTGAAATCACT
1636 1 tcagctagtcagtcagctcagtcagtcagttcaCTCTCTCTGAAATCACTGAG
1637 2 tcagtcagtcagtcaTCCATAGAAAATCTTTCTCC
3139 1 GAGCAAGAGGCTTTGGAGTA ATCCAATCCATTTTTGTTGTCC tcagtcagtcagtcagtcagtcagtcaTGAAACAAATGAATGATGCA
3140 2 tcagtcagtcagGAAACAAATGAATGATGCAC
3145 1 ctctctCATTTTTGTTGTCCAGCCAC

TP53 524 2 CAAGCAGTCACAGCACATGA CTGCTCACCATCGCTATCTG tcagtcagtcagtcagtcagtcagtcaCATGACGGAGGTTGTGAGGC
637 1 TGGAAGGAAATTTGCGTGTG CAGTTGCAAACCAGACCTCA tcagtcagtcagtcagtcagtTGGATGACAGAAACACTTTT
733 2 TGGCTCTGACTGTACCACCA CCAGTGTGATGATGGTGAGG tcagtcagctagtcagtcagtcagGTAACAGTTCCTGCATGGGC
742 1 tcagtcagtcagtcagtcagtcagtcagtcagtcagtcaCCTGCATGGGCGGCATGAAC
743 2 tcagtcagtcagtcagtcTGATGGTGAGGATGGGCCTC 
817 2 CTACTGGGACGGAACAGCTT GCTTCTTGTCCTGCTTGCTT tcagtcagtcagtcagtcagtcagtcagtcGACGGAACAGCTTTGAGGTG
818 1 tcagtcagtcagtcagtcagtcagtcagtcagtcagtcagtACGGAACAGCTTTGAGGTGC
916 2 tcagtcagtcagtcagtcagtcagtcagtcagtcagTGCCCCCAGGGAGCACTAAG


