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a b s t r a c t 

Background: Signal Transducer and Activator of Transcription-3 (STAT3) mediates cellular functions. We assessed 
the IHC expression of phosphorylated STAT3 (pSTAT3) in paired primary tumors and liver metastases in patients 
with advanced stage colorectal cancer (CRC). 
Methods: We included patients with tissue blocks available from both the primary CRC and a surgically resected 
liver metastasis. The IHC pSTAT3 expression agreement was measured using Cohen’s kappa statistic. 
Results: The study included 103 patients, 55% male, median age was 64. 43% tumors originated in rectum, and 
63% of the primary tumors were synchronous. Expression of pSTAT3 was 76% in liver metastases and 71% in 
primary tumors. A difference in pSTAT3 staining between the primary tumor and liver metastases was noted in 
64%. There was lost expression of pSTAT3 in the liver metastases in 28% and gained expression in 36% of cases 
compared to the primary. The kappa statistic comparing agreement between staining patterns of the primary 
tumors and liver metastases was a “less-than-chance ”, at -0.02. Median survival was 4.9 years, with no difference 
in survival outcomes by pSTAT3 expression in the primary tumor or liver metastases. 
Discussion: STAT3 is not a prognostic marker in the selective setting of metastatic CRC to liver, but it may remain 
a potential therapeutic target given most liver metastases expressed pSTAT3. Discordant pSTAT3 expression 
in between primary tumors and paired liver metastases suggests that use of this class of drug to treat liver 
predominant metastatic colorectal cancer in a biomarker-driven approach may require confirmatory liver tumor 
biopsy. 
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Signal Transducer and Activator of Transcription-3 (STAT3) is a tran-
cription factor that regulates an array of genes responsible for nor-
al cell growth and differentiation, inflammation, and neoplasia. [1–
] STAT3 belongs to a family of transcription factors first discovered in
994 during the evaluation of the molecular pathways involved in inter-
eron (IFN)-triggered gene regulation. [4] A total of seven STAT proteins,
TAT1, -2, -3, -4, -5a, -5b, and -6, have been identified and have been
ound to mediate cellular functions including cellular proliferation, sur-
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ival, tumor formation, immune responses, angiogenesis and metasta-
is. [5] STAT3 also promotes malignant progression through its effects on
ancer stem cells, mitochondrial metabolism, and pre-metastatic niche
ormation.[ 3 , 6 , 7 ] STAT3 can also regulate gene expression through epi-
enetic mechanisms including DNA methylation and chromatin model-
ng. [3] Micro-RNAs have recently been identified as regulators of STAT3
ignaling with potentially important clinical implications.[ 3 , 8–10 ] 

STAT3 is localized in cytoplasm in an inactive state. Stimulation
y diverse cytokines such as Interleukin-6, growth factors, and lipid
etabolites can trigger its subsequent activation by tyrosine phosphory-
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Fig. 1. STAT3 molecular pathway. A. STAT3 is localized in cytoplasm in an in- 
active state. B. Upon ligand binding by diverse cytokines such as Interleukin-6, 
growth factors, and lipid metabolites, transmembrane cytokine receptors mul- 
timerize, bringing receptor-associated JAKs into close physical proximity. This 
triggers its subsequent activation by tyrosine phosphorylation at position 705 by 
upstream receptor tyrosine kinases (eg. Epidermal Growth Factor Receptor) and 
receptor-associated tyrosine kinases (eg. Janus Kinase and Src). Following acti- 
vation, pSTAT3 undergoes dimerization and translocates into the nucleus where 
it acts as a transcription factor. Activated STAT3 has been shown to promote cell 
proliferation and survival, angiogenesis, and tumor metastasis. 

l  

m  

(  

r  

i  

t

 

n  

s  

a  

a  

a  

a  

t  

a  

m  

r  

t  

s  

m
 

s  

a  

Fig. 2. Survival by STAT3 status. A: Primary CRC Tumor. B: Liver Metastases 
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ation at position 705 by upstream receptor tyrosine kinases (eg. Epider-
al Growth Factor Receptor) and receptor-associated tyrosine kinases

eg. Janus Kinase and Src). [1-3] Phosphorylated STAT3 (pSTAT3) rep-
esents the active form. Following activation, pSTAT3 undergoes dimer-
zation, nuclear translocation, DNA binding, and target gene transcrip-
ion ( Fig. 1 ).[ 1 , 7 ] 

Fig. 2 . 
As such, there is significant interest in STAT3 as a possible prog-

ostic marker and therapeutic target in various cancer types.[ 1 , 3 ] Con-
titutively active STAT3 has been shown to promote cell proliferation
nd survival, angiogenesis, and tumor metastasis, while decreasing the
nti-neoplastic immune response and reducing sensitivity to chemother-
py.[ 1 , 3 ] In normal cells, STAT3 activation is strictly controlled, but
ctivated STAT3 has been detected in a variety of human tumors and
umor cell lines, which suggests it plays a critical role in the occurrence
nd development of tumors. For example, STAT3 has been shown to pro-
ote both sporadic and colitis-associated CRC. [11-20] Given its pivotal

ole in tumor development, STAT3 represents an attractive therapeu-
ic target for solid tumors. Recently, accumulating studies have demon-
trated STAT3-targeted therapy could effectively inhibit tumor develop-
ent in various solid tumors. [21–26] 

However, the prognostic value of STAT3 overexpression in human
olid tumors is still controversial. In CRC, the prognostic impact of
ctivated STAT3 has been reported in multiple studies with conflict-
2 
ng results.[ 11 , 27–40 ] Some studies have demonstrated a correlation
etween STAT3 and poor survival,[ 32 , 33 ] while others have reported
hat overexpression of STAT3 is correlated with more favorable out-
omes.[ 37 , 39 ] Reasons for the conflicting results are not clear, however
hey may be related to differences in patient cohorts and inconsistencies
n the interpretation of STAT3 expression. [39] 

Liver metastases are a major cause of morbidity and mortality in pa-
ients with CRC. [41] It is difficult to predict which tumors will metas-
asize.[ 10 , 42–44 ] STAT3 signaling may drive processes considered im-
ortant for tumor recurrence and spread.[ 3 , 7–10 , 27 ] As such, pSTAT3
epresents a promising prognostic marker and therapeutic target in CRC.

It is unknown if pSTAT3 expression is concordant in primary col-
rectal cancers and liver metastases. The recent guidelines from the
merican Society for Clinical Pathology, College of American Pathol-
gists, Association for Molecular Pathology, and American Society of
linical Oncology recommend that the metastatic or recurrent colorectal
arcinoma tissues are the preferred specimens for treatment predictive
iomarker testing and should be used if such specimens are available
nd adequate. [45] That said, many patients with CRC do not have tis-
ue samples from metastatic sites available at the time of management
ecisions. It is therefore of interest to determine if pSTAT3 expression
s concordant among paired primary and metastatic colon cancer spec-
mens. As such, we carried out a study to assess the IHC expression of
STAT3 in a cohort of highly selected patients with stage IV CRC treated
ith resection of the primary tumour and liver metastases, in order to
ssess the concordance rate of pSTAT3 expression. We also assessed the
ssociation between pSTAT3 expression and clinico-pathological char-
cteristics, and the impact of pSTAT3 expression on overall survival
OS). 
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atients, materials and methods 

issue samples, tissue microarray (TMA) blocks construction 

The study was approved by Ottawa Health Science Network Research
thics Board (OHSN-REB), approval number 20160651-01H. The need
or informed consent was waived because of the retrospective design
f the study which has no impact on the patient’s management. The
natomical Pathology database at The Ottawa Hospital was searched

or patients with stage IV colorectal cancer from 1998–2016. Only pa-
ients with liver metastases (M1a) were included; patients that had other
etastatic sites besides liver (lung, bones etc.) were excluded from the

tudy. We included only patients that had formalin fixed paraffin em-
edded (FFPE) tissue blocks available from both the resected primary
RC and a surgically resected liver metastasis; core needle biopsies of
oth primary and liver metastasis were excluded due to insufficient tis-
ue availability for TMA construction. Patient demographics and clinical
nformation was abstracted from pathology reports and the electronic
edical records. 

The original Hematoxylin and Eosin (H&E) stained slides from the
rimary CRC and liver metastases were evaluated by a pathologist
ECM) to select the most appropriate tumor block in terms of tumor
olume and viability. The area of interest determined on the slide
as etched onto the FFPE block prior to coring. To account for stain-

ng heterogeneity, two 2 mm cores were sampled from each CRC pri-
ary and liver metastases tumor blocks (donor blocks) and included

n TMA blocks (recipient blocks) using a semi-automated tissue arrayer
Veridiam Tissue Arrayer, Oceanside, CA, USA). Two cores of normal
olonic mucosa were added to each TMA to serve as internal controls.
aps of each TMA were constructed for identification of samples. One
&E stained slide and two unstained slides to be used for IHC were ob-

ained from each of the TMA blocks after construction. The unstained
lides were wrapped individually in paraffin film for protection against
ntigenicity degradation and then shipped to PhenoPath Lab, Seattle,
SA. 

mmunohistochemistry 

IHC was performed at PhenoPath Lab, Seattle, USA, using pSTAT3
Phospho-Stat3 [Tyr705] [D3A7] XP R ○ Rabbit monoclonal Ab #9145,
:100 dilution, Cell Signaling Technology, Danvers, MA, USA), which
etects endogenous levels of STAT3 only when phosphorylated at ty-
osine 705. This antibody does not cross-react with phospho-EGFR or
he corresponding phospho-tyrosines of other STAT proteins. Antigen
etrieval was performed by steam heating slides in EDTA (pH 7.97).
taining was performed with an automatic immunostainer (Dako Au-
ostainer, Carpinteria, CA, USA). Antibody detection was performed us-
ng Quanto HRP small polymer (Thermo Fisher Scientific, Waltham, MA,
SA). Dako DAB plus was used as a chromogen and the slides were coun-

erstained with hematoxylin. Positive controls of lung, breast and colon
denocarcinoma, as well as normal colon, were provided by PhenoPath
ab. 

Scoring of pSTAT3 nuclear expression was performed independently
y two pathologists (ECM, JB). Cytoplasmic expression was not taken
nto consideration. The strongest tumor cells staining intensity on the
rovided positive controls was scored at 3 + and was matched to stro-
al, immune and/or endothelial cells, which were used as internal con-

rols within each core ( Fig. 3 . A, B). Since SSTAT3 activation is transient
n normal epithelial cells, the majority of TMA control cores including
ormal colonic mucosa were negative or very patchy positive in colonic
pithelial cells, but strongly positive in stromal, endothelial and/or im-
une cells. Discrepant scores in pSTAT3 staining of tumor cells were
ecided by consensus at second review. pSTAT3 nuclear expression was
cored according to intensity on 3- and 4-tier scales. The 3-tier scale was
cored as: 0 = absent, 1-2 = low, 3 = strong. The 4-tier scale was scored as:
 = absent, 1 += weak, 2 += moderate, 3 += strong ( Fig. 3 . C-F). 
3 
Cores that contained no tissue or no tumor were eliminated from the
nalysis. H&E stained slides of each TMA block were available for refer-
nce. Of the two cores taken from each tumor, if there was a discrepancy
n staining intensity, the highest score was considered as the final result.

tatistical analysis 

The clinicopathological data were collected using Research Elec-
ronic Data Capture (REDCap). [46] Continuous variables were sum-
arized as medians (range). Categorical variables were reported as

bsolute counts (%). The relationships between patient characteristics
nd pSTAT3 expression were evaluated using Chi [2] or Fisher’s exact
est, Student t-test, Mann-Whitney U-test or Kruskal-Wallis H-test. The
STAT3 expression agreement between primary tumor and metastases
as measured using Cohen’s kappa statistic. Kappa statistics were inter-
reted as ‘less than chance’ ( < 0), ‘slight’ (0.01–0.20), ‘fair’ (0.21–0.40),

moderate’ (0.41–0.60), ‘substantial’ (0.61–0.80), and ‘almost perfect’
0.81–0.99) agreement. 

One patient was excluded from the survival analysis as no outcome
ata was available. The Kaplan-Meier method was used for survival
urves, and the log-rank test was used for statistical analysis. OS was
efined as the time from the day of primary tumor diagnosis to death
rom any cause. The Schemper & Smith method was used to estimate
edian follow-up. [47] Statistical analyses were performed using Stata
3.1; a two-sided p -value < 0.05 was considered significant. 

esults 

emographics 

The study included 103 patients for which both primary CRC tumor
nd liver metastases surgical specimens were available, 47 female and
6 male. The median age was 64 (range 30–89 years). Nearly 51% of
ll cases were elderly ( ≥ 65 years). Most (43%) tumors originated in rec-
um. The majority (63%) of the primary tumors had synchronous liver
etastases at diagnosis, the remainder had metachronous metastases.
ost were well-differentiated (85%), and half showed lympho-vascular

nvasion. Adjuvant treatment was administered in about a quarter of
ases (23%), while neoadjuvant treatment was administered in more
han a third (37%). Table 1 reports the distribution of patient charac-
eristics in the whole cohort. 

STAT3 expression in primary tumor and correlation with patient 

haracteristics 

pSTAT3 immunohistochemical expression differed by patient char-
cteristics in this very highly selected group of patients. In an ex-
loratory and hypothesis-generating analysis, patients with synchronous
etastases seemed to demonstrate a trend toward increased likelihood

f positive pSTAT expression: negative 15 (50%), low 33 (67%), high
7 (71%). In further exploratory analysis, there was a trend towards no-
able laterality, where half of patients with left-sided colon cancer were
egative for pSTAT3 (50%), while patients with a right-sided primary
olon cancer were generally positive for pSTAT3 (85%) . 

greement between paired primary CRC and liver metastases 

Overall, expression of pSTAT3 is slightly higher in liver metastases
76%) than in their primary tumor (71%). A difference in pSTAT3 stain-
ng between the primary tumor and liver metastasis was noted in 66
atients (64%), 23 (35%) had metachronous metastases and 43 (65%)
f whom had synchronous metastases. This translated to lost expression
f pSTAT3 in the liver metastases of 29 patients (28%) and gained ex-
ression in 37 (36%). 

When immunohistochemical expression of pSTAT3 was scored us-
ng 4-tier scale as: absent (0), weak (1 + ), moderate (2 + ), and strong
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Table 1 

Patient Demographics and Clinical Characteristics by pSTAT3 IHC expression in primary tumour, scored as 3-tier (negative, low, high) and 2-tier (negative, positive). 

pSTAT3 IHC expresion in primary tumour 

Characteristic Categories Total (N = 103) 
negative, IHC 0 
(n = 30, 29%) 

low, IHC 1-2 (n = 49, 
48%) 

high, IHC 3 (n = 24, 
23%) p-val ∗ 

negative, IHC 0 
(n = 30, 29%) 

positive, IHC 1-3 
(n = 73, 71%) p-val ∗ 

Age at Dx, years median (range) 64 (30 − 89) 64 (36-80) 63 (40 − 89) 66 (30-80) 0.93 63 (36-80) 63 (30 − 89) 0.96 

≥ 65, n (%) 52 (51%) 15 (50%) 24 (49%) 13 (54%) 0.92 15 (50%) 37 (51%) 0.95 

Female, n (%) 47 (46%) 12 (40%) 23 (47%) 12 (50%) 0.74 12 (40%) 35 (48%) 0.46 

Primary Site, n (%) Rectum 44 (43%) 13 (43%) 19 (39%) 12 (50%) 0.13 13 (43%) 31 (43%) 0.05 

Left 22 (21%) 11 (37%) 8 (16%) 3 (12%) 11 (37%) 11 (15%) 

Transverse 4 (4%) 1 (3%) 3 (6%) 0 (0%) 1 (3%) 3 (4%) 

Right 33 (32%) 5 (17%) 19 (39%) 9 (38%) 5 (17%) 28 (38%) 

Timing of metastases, n (%) Synchronous 65 (63%) 15 (50%) 33 (67%) 17 (71%) 0.20 15 (50%) 50 (68%) 0.08 

Metachronous 35 (37%) 16 (50%) 16 (33%) 7 (29%) 16 (50%) 23 (32%) 

Grade, n (%) Well differentiated 88 (85%) 26 (87%) 43 (88%) 19 (79%) 0.49 26 (87%) 62 (85%) 0.94 

Moderate 

differentiated 

12 (12%) 3 (10%) 4 (8%) 5 (21%) 3 (10%) 9 (12%) 

Not available 3 (3%) 1 (3%) 2 (4%) 0 (0%) 1 (3%) 2 (3%) 

T stage, n (%) T2 9 (9%) 2 (7%) 7 (14%) 0 (0%) 0.24 2 (7%) 7 (10%) 0.52 

T3 76 (74%) 23 (77%) 35 (72%) 18 (75%) 23 (77%) 53 (73%) 

T4a 16 (15%) 4 (13%) 7 (14%) 5 (21%) 4 (13%) 12 (16%) 

T4b 1 (1%) 0 (0%) 0 (0%) 1 (4%) 0 (0%) 1 (1%) 

TX 1 (1%) 1 (3%) 0 (0%) 0 (0%) 1 (3%) 0 (0%) 

N stage, n (%) N0 38 (37%) 10 (33%) 19 (39%) 9 (37%) 0.43 10 (33%) 28 (38%) 0.13 

N1a 16 (16%) 5 (17%) 8 (16%) 3 (13%) 5 (17%) 11 (15%) 

N1b 16 (16%) 4 (13%) 7 (14%) 5 (21%) 4 (13%) 12 (16%) 

N1c 3 (3%) 1 (3%) 1 (2%) 1 (4%) 1 (3%) 2 (3%) 

N2a 19 (18%) 3 (10%) 10 (21%) 6 (25%) 3 (10%) 16 (22%) 

N2b 9 (9%) 5 (17%) 4 (8%) 0 (0%) 5 (17%) 4 (6%) 

Nx 2 (2%) 2 (7%) 0 (0%) 0 (0%) 2 (7%) 0 (0%) 

Lymph-vascular invasion in 

primary tumor, n (%) 

Absent 39 (38%) 4 (13%) 24 (49%) 11 (46%) 0.01 4 (13%) 35 (48%) 0.003 

Present 57 (55%) 22 (74%) 22 (45%) 13 (54%) 22 (74%) 35 (48%) 

Not available 7 (7%) 4 (13%) 3 (6%) 0 (0%) 4 (13%) 3 (4%) 

Harvested lymph nodes (n = 99) median (range) 16 (3 − 67) 14 (3 − 55) 17 (5 − 40) 13 (7 − 67) 0.15 14 (3 − 55) 16 (5 − 67) 0.56 

Adjuvant chemotherapy, n (%) 23 (23%) 8 (27%) 11 (23%) 4 (17%) 0.68 8 (27%) 15 (21%) 0.52 

Neoadjuvant chemotherapy for metastases, n (%) 38 (37%) 10 (33%) 17 (35%) 11 (46%) 0.60 10 (33%) 28 (39%) 0.60 

∗ difference according to STAT3 IHC intensity of staining in primary tumour. 

4
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Fig. 3. Immunohistochemical staining pat- 
terns with pSTAT3 antibody in tumor and nor- 
mal cells. All images at 200x magnification. A: 
Positive external control of colon adenocarci- 
noma, provided by PhenoPath Labs, at anti- 
body dilution 1:100. The nuclei of malignant 
glandular epithelium (arrow) and of stromal 
cells (stars) show the same intensity, scored 
at 3 + . B: Negative internal control (included 
in each TMA) of normal colonic mucosa. The 
nuclei of normal glandular epithelium are in 
general negative, or show very weak and focal 
staining (arrows), whereas the cells within lam- 
ina propria, which include immune cells and 
stromal fibroblasts, are strongly positive, simi- 
lar with the strongest intensity of colon cancer, 
scored at 3 + . C: Absent pSTAT3 staining within 
tumor cells (arrow), scored as 0/negative. Stro- 
mal cells (stars) serve as positive internal con- 
trol at 3 + . D: Weak pSTAT3 staining within tu- 
mor cells (arrow), scored as 1 + /weak. Stromal 
cells (stars) serve as positive internal control 
at 3 + . E: Moderate pSTAT3 staining within tu- 
mor cells (arrow), scored as 2 + /moderate. Stro- 
mal cells (star) serve as positive internal con- 
trol at 3 + . F. Strong pSTAT3 staining within tu- 
mor cells (arrow), scored as 3 + /strong. Stromal 
cells (star) serve as positive internal control at 
3 + . 
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3 + ), 29% of primary tumor samples showed absent staining, 23% were
 + , 25% were 2 + , and 23% were 3 + . In the liver metastases, 24%
howed absent staining, 25% were 1 + , 25% were 2 + , and 26% were 3 +
 Table 2A ). There was a “less-than-chance ” agreement between staining
attern of the primary tumor and liver metastases (kappa -0.02, 95% CI
0.05 to 0.07). 

To minimize inter-observer disagreement in scoring, we decided to
se a 3-tier scale as: absent (0), low (including 1 + and 2 + ), and high
3 + ). Using this 3-tier scale, the expression of pSTAT3 in the primary
RC tumors was absent in 29%, low in 48% and high in 23%, while in

iver metastases, staining was absent in 24%, low in 50%, and high in
7% ( Table 2B ). There was a “less-than-chance ” agreement between the
STAT3 expression in the primary and metastatic samples (kappa -0.02,
5% CI -0.10 to 0.02). 

When IHC scores were evaluated according to metastatic synchronic-
ty using the 3-tier scale, the kappa coefficients did not change consider-
bly: synchronous -0.07 (95% CI -0.23 to 0.15) and metachronous 0.03
95% CI -0.06 to 0.13). 

When IHC pSTAT3 scores were analyzed as simply negative (0) and
ositive (1-3 + ), the kappa coefficient for correlation between the pri-
ary and metastatic liver lesions increased to ‘slight’ agreement, kappa
.10 (95% CI -0.09 to 0.30). 

orrelation of expression level of pSTAT3 with survival outcomes 

We analyzed patient prognosis correlated with expression levels of
STAT3 in primary CRC tumors and liver metastases. pSTAT3 was di-
hotomized as negative (0) and positive (1-3 + ). 
5 
Median follow-up time was 7.7 years (range 0.1-19.0). Median sur-
ival was 4.9 years (95% CI 3.6-6.7), and 5-year survival rate was 46%
95% CI 35 − 57). There was no statistically significant difference in sur-
ival outcomes by pSTAT3 expression in the primary tumor or liver
etastases ( Table 3 and Fig. 2 A and B). Numerically it appeared that
atients with positive pSTAT3 expression in their liver metastases had
n improved OS (survival advantage of 1 year), but this was not statis-
ically significant. 

iscussion 

We conducted a retrospective analysis of patients with metastatic
olorectal cancer to liver who underwent resection of both the primary
nd liver metastasis(es) to understand the correlation of pSTAT3 expres-
ion in paired colorectal primaries and liver metastases, and to assess the
mpact of pSTAT3 expression from different biopsy sources on progno-
is. To our knowledge, this is the first study to directly compare pSTAT3
xpression in paired primary and metastatic colorectal cancer pathol-
gy samples, and to assess the prognostic impact of pSTAT expression
n colorectal cancer liver metastases. 

STAT expression in primary tumors 

We found that most patients in our cohort expressed pSTAT3 in their
rimary tumors, with almost half of the overall cohort categorized as
ow-level expression and about one quarter categorized as high-level ex-
ression. This is similar or slightly higher pSTAT expression than seen
n a retrospective analysis of 724 untreated primary colorectal tumors
mainly stage I-III disease) where it was shown that 34% had low-level
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Table 2A 

pSTAT3 IHC scoring system in paired primary CRC tumor and liver metastases: 4-tier scale. 

N = 103 
Primary 

0, Absent 1, Weak 2, Moderate 3, Strong 

METASTASES 0, Absent 9 5 6 4 24 (24%) 

1, Weak 10 5 5 6 26 (25%) 

2, Moderate 6 8 4 8 26 (25%) 

3, Strong 5 5 11 6 27 (26%) 

30 (29%) 23 (23%) 26 (25%) 24 (23%) 

kappa -0.02, 95% CI (-0.05 to 0.07). 

Table 2B 

pSTAT3 IHC scoring system in paired primary CRC tumor and liver metas- 
tases: 3-tier scale. 

N = 103 
PRIMARY 
Absent Low High 

METASTASES Absent 9 11 4 24 (24%) 

Low 16 22 14 52 (50%) 

High 5 16 6 27 (26%) 

30 (29%) 49 (48%) 24 (23%) 

kappa -0.02, 95% CI (-0.10 to 0.02). 
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STAT expression, 18% had high-level pSTAT expression, and the re-
ainder showed no pSTAT3 expression. [34] This may generate the hy-
othesis that primary tumors with metastatic spread are more likely
o exhibit pSTAT expression than non-metastatic primaries. This would
e theoretically intuitive given that STAT3 signaling promotes invasive-
ess, angiogenesis, and metastasis. [48-51] That said, no conclusions can
e drawn from our study regarding pSTAT expression in non-metastatic
s metastatic disease, as our study did not include a cohort of patients
ith non-metastatic disease as comparison. While a meta-analysis of

olorectal cancer patients did not show an association between STAT3
xpression and TNM stage, [35] the hypothesized correlation between
TAT3 expression and metastatic disease is supported in other tumor
ites, such as esophageal cancer, where it has been shown that STAT3
xpression is correlated with TNM stage and metastatic status. [52] 

STAT expression concordance in primary tumors and paired liver 

etastases 

We found no correlation between pSTAT3 expression in the primary
umors and their paired liver metastases when analyzed by degree of
xpression, with a similar proportion of both loss and gain of pSTAT3
xpression in the liver metastases. Results were similar for both syn-
Table 3 

Follow-up and Survival Estimates according to STAT3 IHC intensity of staining in

From diagnosis Total (N = 103) 
negative, IHC 0 
(n = 30, 29%) 

low, IHC 
(n = 49, 48

Follow-up time in 

survival analysis, 

years 

median (range) 7.7 (0.1 − 19.0) 17.4 (0.2 − 19.0) 9.5 (0.4 −

Five-year survival, 

% (95%CI) 

46 (35 − 57) 41 (23 − 59) 46 (31 − 6

OS, years median (95%CI) 4.9 (3.6-6.7) 3.3 (3.1 − 8.3) 4.9 (4.1 −
From liver 

resection 

Follow-up time in 

survival analysis, 

years 

median (range) 6.2 (0.0 − 18.2) 11.4 (0.1 − 18.2) 6.9 (0.0 −

Five-year survival, 

% (95%CI) 

43 (32 − 53) 38 (20 − 56) 45 (29 − 5

OS, years median (95%CI) 3.8 (2.9-5.4) 2.9 (2.0 − 9.2) 4.0 (2.8 −

∗ difference according to STAT3 IHC intensity of staining in primary tumour. 

6 
hronous and metachronous metastases. When analyzed by presence or
bsence of pSTAT3 expression using our analytical techniques, we found
nly slight agreement in the paired samples. No study to our knowl-
dge has previously compared pSTAT3 expression in paired primary
nd metastatic colorectal cancer sites. Our results suggest that pSTAT3
xpression changes frequently in the primary tumor vs liver metastases
nd raises the possibility of heterogeneity of expression within each site.
his has important practical implications for pSTAT3. Should an effec-
ive targeted therapeutic agent be developed against pSTAT3, location
f the biopsy will need to be considered when selecting patients likely
o benefit. 

STAT3 expression and sidedness of primary tumor 

Our exploratory analysis demonstrated differing pSTAT3 expression
rofiles in left vs right sided colon cancer primaries, with a numerically
igher likelihood of pSTAT3 expression in right-sided tumors than left
85% vs 50%). The sidedness of pSTAT3 expression may be related to
olonic biofilms (mucin layers with bacteria on the surface of the epithe-
ium of the colon), which are found almost exclusively in right-sided
olon cancers and are hypothesized to contribute to the development
f such tumors. [53] These biofilms are associated with increased acti-
ated STAT3, [53] so it is hypothesized that invasive biofilms and their
ssociated pro-carcinogenic epithelial responses may contribute to the
evelopment of right-sided colon cancers.[ 54 , 55 ] Most clinical studies
xploring STAT3 do not specify or compare the sidedness of the pri-
ary. While Dobi et. al assessed the impact of STAT3 phosphorylation

n the clinical effectiveness of anti-EGFR therapy in the 2 nd line setting
f metastatic colorectal cancer, showing that patients were more likely
o achieve on objective response in the setting of pSTAT3 negative tu-
ors, results were not analyzed with regards to the source of biopsy, or

idedness of the primary tumor. [29] 
 primary tumour. 

1-2 
%) 

high, IHC 3 
(n = 24, 23%) p-val ∗ 

negative, IHC 0 
(n = 30, 29%) 

positive, IHC 1-3 
(n = 73, 71%) p-val ∗ 

 19.0) 5.5 (0.7 − 10.4) 17.4 (0.2 − 19.0) 5.5 (0.7 − 10.4) 

1) 57 (33 − 75) 41 (23 − 59) 49 (35 − 61) 

 1.0) 5.8 (3.0 − .) 0.99 3.3 (3.1 − 8.3) 5.0 (4.1 − 7.2) 0.92 

 13.5) 4.5 (0.4 − 9.1) 11.4 (0.1 − 18.2) 5.4 (0.0 − 13.5) 

9) 47 (24 − 67) 38 (20 − 56) 45 (32 − 57) 

 8.8) 3.6 (2.0 − 9.2) 0.95 2.9 (2.0 − 9.2) 3.9 (2.8 − 7.0) 0.75 
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rognostic significance of pSTAT3 

Studies have revealed mixed results regarding the prognostic signif-
cance of pSTAT3. In our study of metastatic colorectal cancer patients,
hile we showed an association between pSTAT3 expression and the
resence of lymphovascular invasion, no association between pSTAT3
xpression and survival was identified, regardless of site of biopsy (pri-
ary vs metastasis). Numerically, it seemed that presence of pSTAT3

xpression in the metastatic liver lesions improved prognosis, but this
as not statistically significant. Previous researchers have demonstrated
n association between constitutively activated STAT3 and worse clini-
opathological parameters such as tumor progression, depth of invasion,
ymphatic invasion, stage, metastasis, and OS.[ 27 , 30 , 32 , 33 ] A meta-
nalysis that included 17 studies and 2,346 patients with CRC demon-
trated a statistically significant association between increased STAT3
xpression and reduced OS, along with the presence of lymph node
etastases. [35] Using tissue microarrays (TMAs), another study ana-

yzing pSTAT3 overexpression in 724 CRC cases from a database of two
rospective cohorts found a statistically significant association between
STAT3 and both CRC-specific mortality and peri-tumoral lymphocytic
eaction. [34] In contrast to these studies, one study assessing STAT3 ex-
ression in rectal carcinomas post-neoadjuvant chemoradiation found
hat increased expression was associated with improved OS, and that
here was no association with other clinicopathological variables. [37]
nother study using TMAs with over 400 CRC samples found an increase

n median OS (30 months) associated with strong STAT3 expression. [39]
ther individual studies have found no association between prognosis
nd STAT3 expression,[ 6 , 38 ] much like the present study. Reasons for
he inconsistent results are not clear, but may relate to differing popula-
ions with regards to cancer stage (early vs metastatic), differing nation-
lities with variant genetic and dietary patterns (European vs Japanese)
39] , differing methods for assessing pSTAT3, and poor correlation be-
ween STAT3 expression in the primary colon and metastatic site(s), the
atter of which is highlighted by the present study. We focus our efforts
est by relying on meta-analyses which suggest that STAT3 does have a
egative prognostic impact.[ 6 , 35 ] 

STAT3 as a potential anticancer treatment 

pSTAT3 has potential as an anticancer therapeutic target. Numerous
ines of evidence connect chronic inflammation including activation of
he STAT3 pathway to cancer development, and several agents have re-
orted activity against the STAT3 pathway, including the semisynthetic
ompound flavopiridol, and curcumin, to name a few. [56] In fact, the
ovel small molecule inhibitor FLLL32, derived from curcumin, has been
hown in pre-clinical studies to constitutively inhibit STAT3 phospho-
ylation and signaling in the cell lines of several malignancies including
RC. [57] In a randomized phase III trial of napabucasin, a first-in-class
temness inhibitor targeting STAT3, there was a statistically significant
mprovement in OS among patients with pSTAT3 positive tumors, [58]
roviding the first clinical indication of the potential efficacy of STAT3
nhibition in the treatment of metastastic CRC with elevated pSTAT3
xpression. This study did not specify the site of biopsy (primary vs
etastatic site) from which pSTAT3 expression was determined. Fur-

hermore, the population of this study included chemo-refractory pa-
ients with metastatic disease, which differed greatly from our popula-
ion of patients eligible for radical surgical treatment. Lastly, this study
tilized a different STAT3 analytic method. While the present study was
ot designed to assess STAT3 as a therapeutic target, this biomarker as a
reatment target may become increasingly relevant as further studies are
onducted. The heterogeneity of pSTAT3 expression in paired primary
nd metastatic lesions seen in our study may have significant clinical
mplications in the determination of biopsy site for biomarker-guided
reatment, and may be relevant to future studies. 
7 
imitations 

Strengths of our study include our analysis of paired primary and
etastatic lesions, and our methodology minimizing the impact of het-

rogeneity in tissue samples. Limitations of our study include exclusion
f patients without resected primary and metastatic lesions, and the
igher-than-expected proportion of synchronous metastases, [59] re-
ecting our selection criteria. Similarly, although efforts were made to
inimize the impact of tumor heterogeneity, results may be influenced

y the sample(s) of tissue selected for analysis. 

onclusions 

STAT3 may not be a prognostic marker in the selective setting of
etastatic CRC to liver. However, it may remain a potential therapeu-

ic target given the majority of liver metastases stained positive for
TAT3. Discordant pSTAT3 results in paired primary tumors and liver
etastases suggests that use of this class of drug to treat liver pre-
ominant metastatic colorectal cancer in a biomarker-driven approach
ay require an archived or fresh liver biopsy. This study highlights the
eeds for future research to better understand the expression of STAT3
n different sites of metastatic disease, the optimal tissue on which to
ase clinical decisions, and the prognostic significance of this molecular
arker in different stages of disease. 
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