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Weak stromal Caveolin-1 
expression in colorectal liver 
metastases predicts poor prognosis 
after hepatectomy for liver-only 
colorectal metastases
Kyriakos Neofytou1, Emmanouil Pikoulis2, Athanasios Petrou3, Georgios Agrogiannis4, 
Christos Petrides3, Ioannis Papakonstandinou5, Alexandros Papalambros2, Anastasios 
Aggelou2, Nikolaos Kavatzas4, Theodoros Liakakos2 & Evangelos Felekouras2

Loss of stromal Caveolin-1 (CAV1) expression is associated with poor prognosis in various cancers. We 
evaluated the prognostic value of CAV1 expression of both cancer cells and stromal cells in colorectal 
liver metastases (CRLM) in patients undergoing hepatectomy. In this retrospective study, 109 patients 
were enrolled. CAV1 expression was studied by immunohistochemistry. The staining was scored 
semiquantitatively as weak or strong. Disease-free survival (DFS) and overall survival (OS) were 
calculated using both Kaplan–Meier and multivariate Coxregression methods. Weak stromal CAV1 
expression was associated with decreased DFS and OS in univariate and in multivariate analysis (HR 
2.00; 95% CI, 1.24–3.22; P = 0.004, and HR 2.47; 95% CI, 1.28–4.76; P = 0.007, respectively). Cancer cell 
CAV1 expression was not associated with DFS and OS. Five-year DFS and OS rates were 13% and 43%, 
respectively, in patients with weak stromal CAV1 expression and 40% and 71%, respectively, in patients 
with strong stromal CAV1 expression. In this study, we indicate that weak stromal CAV1 expression in 
CRLM is an adverse prognostic factor in patients who undergo liver resection for liver-only colorectal 
metastases. We suggest validation of this finding in an independent cohort and consideration of risk 
stratification for post-hepatectomy adjuvant follow-up and therapy.

The treatment of colorectal liver metastases (CRLM) by surgical resection has become accepted and its use has 
increased over the last two decades. Surgical resection of CRLM has been shown to increase patient survival, with 
a five-year overall survival (OS) ranging between 35% and 58% for resected cases1. However, unfortunately, most 
of the patients who undergo liver resection will exhibit recurrence and only 16% of these patients are disease-free 
10 years after hepatectomy2.

In an attempt to individualise perioperative systemic therapy, prognostic factors have been sought to classify 
hepatectomy patients at low and increased risk of disease recurrence3–5. Factors that have been demonstrated to 
have an effect on the prognosis of these patients include primary tumour stage and grade, interval from diagnosis 
of primary tumour to diagnosis of CRLM, the size of CRLM and its intrahepatic distribution, presence of extra-
hepatic disease, and response to neoadjuvant chemotherapy3–5.

Interaction between cancer cells and the stroma microenvironment has been identified as one of the main reg-
ulators of cancer development and progression6. The prognostic significance of a variety of stromal biomarkers in 
cancer patients has also been demonstrated7. Stromal expression of Caveolin-1, a protein of plasma membranes, 
is one of the most evaluated microenvironment biomarkers with prognostic significance7–12. The initial studies 
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focussed on breast cancer, but more recently it became clear that the loss or the weak expression of CAV1 in the 
cancer stroma is correlated with adverse prognosis for a variety of cancers, such as gastric cancer, pancreatic ade-
nocarcinoma, prostate cancer, and colorectal cancer7–12.

Loss of stromal CAV1 expression has been characterised as a key regulator in the development of the “reverse 
Warburg effect” and “the autophagic tumour stroma model of cancer metabolism”13–15. The autophagic tumour 
stroma model proposes that loss of stromal CAV1 expression, and more specifically the loss of CAV1 expression 
of cancer-associated fibroblasts (CAFs), is the result of the overproduction of reactive oxygen species (ROS) by 
the cancer cells13–15. Furthermore, CAFs with loss of CAV1 expression have an increased ability to provide nutri-
ents to cancer cells, and in this fashion, promote aggressive tumour growth13–15.

The purpose of our study was to ascertain whether the stromal and cancer cell CAV1 expression in colorec-
tal liver metastases affects the disease-free survival (DFS) and overall survival (OS) of patients with liver-only 
colorectal metastases undergoing hepatectomy.

Materials and Methods
Patients and Specimens. Patients who underwent liver resection for CRLM between January 2001 and 
December 2012 were identified from a prospectively collected First Department of Surgery, University of Athens 
Medical School, Laiko Teaching Hospital surgical database. Eligible patients were those who underwent liver 
resection for liver-only colorectal metastases following neoadjuvant chemotherapy for which histological and 
clinical parameters were available. Patients were excluded from the analysis if they had extrahepatic disease, did 
not receive neoadjuvant chemotherapy, underwent an incomplete resection (R2 resection), died in the postop-
erative period, or there was not enough formalin-fixed paraffin embedded tissue of good quality to evaluate the 
stromal and cancer cell CAV1 expression.

For the exclusion of extrahepatic disease, all patients underwent computed tomography of the chest, abdo-
men, and pelvis. The extent of liver disease in all patients was determined using magnetic resonance imaging 
(MRI). Resectability was evaluated by an interdisciplinary review that included a surgical expert, and all resec-
tions were initiated with a curative intent. Portal vein embolisation was performed 4 weeks prior to surgery in 
cases where the future liver remnant was considered inadequate (i.e., the ratio of the future liver remnant to the 
whole liver volume was <30%).

The institutional electronic records were checked for each patient and data was collected regarding (a) stand-
ard demographics, (b) primary colorectal tumour, (c) CRLM characteristics, (d) preoperative chemotherapy, (e) 
response to preoperative chemotherapy, (f) liver resection, and (g) DFS and OS.

The study was approved by the local ethics committee and the Institutional Review Board (Medical School, 
National and Kapodistrian University of Athens) and therefore performed in accordance with the ethical stand-
ards laid down in the Declaration of Helsinki. All patients sign informed consent for the immunochemistry of 
the specimens.

Immunohistochemistry. Immunohistochemical staining for CAV1 was performed on 3-μm-thick 
formalin-fixed paraffin sections, using a two-step technique after overnight heating at 37 °C and subsequent dep-
araffinisation in xylene and rehydration through graded alcohols. After quenching of the endogenous peroxi-
dase activity using a methanol hydrogen peroxide solution (0.3% in Tris-buffered saline [TBS] for 30 min), we 
proceeded to microwave-mediated antigen retrieval in ethylenediaminetetraacetic acid (EDTA) at pH 9.0 for 
10 min. Subsequently, sections were incubated overnight at 4 °C with the primary antibody (CAV-1, clone sc-894, 
Santa Cruz Biotechnology Inc., USA). A two-step technique (Quanto, Thermo, Fischer Scientific Inc., USA) was 
used. Diaminobenzidine was used as a chromogen. Finally, sections were counterstained with hematoxylin and 
mounted.

As positive controls, we used lung cancer (CAV1) sections previously known to be highly immunoreactive for 
the studied markers. Negative controls had the primary antibody omitted and replaced by nonimmune, normal 
serum from the same species as the primary antibody or TBS.

Evaluation of Immunostaining. The evaluation of the immunohistochemical staining was performed by 
two pathologists (G.A. and N.K) through light microscope observation. The pathologists were unaware of the 
clinical data of each patient.

Immunoreactivity for stromal CAV1 was estimated in a semiquantitative manner by the evaluation of staining 
intensity (score 0: no staining, score 1: weak staining, score 2: moderate staining, and score 3: strong staining) 
and the extent of positive cells over the total number of stromal cells (score 0: no staining, score 1: <25% of cells 
stained, score 2: 25–50% of cells stained, score 3: 50–75% of cells stained, score 4: >75% of tumour stained). The 
same semiquantitative method was used for the evaluation of cancer cell CAV1 expression.

The final immunoreactivity score was the sum of the staining intensity and the extent of positive cells. Any 
immunoreactivity score higher than 5 was considered to be strong CAV1 expression, while any immunoreactivity 
score equal to or less than 5 was considered to be weak CAV1 expression.

Statistical Analysis. Statistical analyses were performed with the Statistical Package of the Social Sciences 
(SPSS) version 17.0. The primary endpoints of the study were DFS and OS. DFS was calculated from the date of 
hepatectomy to the date of disease recurrence and was censored at the last follow-up or at the time of death if 
the patients remained tumour-free at that time. OS was calculated from the time of hepatectomy to the date of 
cancer-related death and was censored at last follow-up or at the time of unrelated to cancer death.

The Chi-square test was used for calculating the association between patient and tumour categorical charac-
teristics and level of stromal CAV1 expression. The impact of these features on DFS and OS was analysed using 
the Kaplan–Meier method. Survival outcomes between groups were compared with the log-rank test. A P value 
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of less than 0.05 was considered statistically significant. The factors associated with the DFS or the OS (P > 0.1) in 
univariate analysis were used for the performance of the multivariate Cox regression analysis.

Results
A total of 139 patients were identified from the institutional database; 109 patients were eligible for inclusion in 
the study. Patients were excluded for the following reasons: extrahepatic disease (n = 9), no neoadjuvant chemo-
therapy (n = 13 patients), incomplete resection/R2 resection (n = 3), postoperative death (n = 2), unavailable or 
bad-quality formalin-fixed paraffin-embedded tissue (n = 3).

The immunoexpression of CAV1, both membranous and cytoplasmic, was localised to stromal fibroblasts, 
cancer cells, and endothelial cells of blood vessels.

Patient demographics, characteristics of CRLM at diagnosis, details of surgical resection, and correlation of 
these characteristics with stromal CAV1 expression are shown in Table 1. The majority of patients were ≤70 years 
of age (82%) and most of them were male (62%). According to the Clinical Risk Score5, half of the patients (51%) 
belonged to the high-risk group. Only 43% of the patients had solitary liver metastases, while metastases were 
synchronous in 70% of patients. Sixty-five percent of patients were treated with oxaliplatin-based chemotherapy, 
and 40% were treated with preoperative bevacizumab. Only 9 patients (8%) experienced disease progression 
during preoperative chemotherapy.

Forty-seven patients (43%) demonstrated weak stromal CAV1 expression, and 38 patients (35%) demon-
strated weak cancer cell CAV1 expression (Fig. 1). As shown in Table 1, there was no statistically significant 
difference in clinicopathologic characteristics between patients with weak and strong stromal CAV1 expression.

The median follow-up period for all patients was 39 months (2 to 99 months), while the median follow-up 
period for survivors was 45 months (2 to 99 months). During the follow-up period, 74 patients (68%) developed 
tumour recurrence and 39 (36%) patients died due to progressive disease. For the entire study population, the 
median DFS was 1 year, and the median OS was 6.8 years. Also for the entire study population, the 1-, 3-, and 
5-year DFS rates were 52%, 34%, and 29%, respectively, whereas the 1-, 3- and 5-year OS rates were 96%, 75%, 
and 59%, respectively.

Within the group of patients with weak stromal CAV1 expression, the recurrence rate was much higher; 37 
(79%) of the 47 patients developed tumour recurrence, giving weak stromal CAV1 expression a positive pre-
dictive value for recurrence of 79%. The corresponding rate for the group of patients with strong stromal CAV1 
expression was 60% (79% vs. 60%, P = 0.040). Cancer-related death occurred in 24 of 47 (51%) patients with 
weak stromal CAV1 expression and in 15 of 62 (24%) patients with strong stromal CAV1 expression (P = 0.005).

The results of univariate analyses (Table 2) demonstrated that high-risk patients according to the Clinical 
Risk Score5 (HR 1.96; 95% CI, 1.22–3.15; P = 0.005), disease progression during neoadjuvant chemotherapy 
according to the Response Evaluation Criteria in Solid Tumours (RECIST) criteria16 (HR 4.60; 95% CI, 2.20–
9.60; P < 0.001), no administration of adjuvant post-hepatectomy chemotherapy (HR 2.30; 95% CI, 1.37–3.88; 
P = 0.002), and weak stromal CAV1 expression (HR 1.78; 95% CI, 1.13–2.83; P = 0.013) were associated with a 
decreased DFS (Fig. 2). There was no association between cancer cell CAV1 expression and DFS on univariate 
analyses (HR 1.01; 95% CI, 0.62–1.62; P = 0.966). Patients with weak stromal CAV1 expression had a median DFS 
of 9.6 months compared to a DFS of 17.2 months for patients with strong stromal CAV1 expression. Three- and 
5-year DFS rates were 22% and 13%, respectively, in patients with weak stromal CAV1 expression and 42% and 
40%, respectively, in patients with strong stromal CAV1 expression.

Regarding OS, univariate analysis (Table 2) revealed that age greater than 70 years (HR 2.12; 95% CI, 1.04–
4.34; P = 0.038), high-risk patients according to the Clinical Risk Score5 (HR 2.31; 95% CI, 1.21–4.40; P = 0.011), 
no administration of adjuvant post-hepatectomy chemotherapy (HR 2.94; 95% CI, 1.50–5.75; P = 0.002), and 
weak stromal CAV1 expression (HR 2.82; 95% CI, 1.47–5.38; P = 0.002) were associated with a decreased OS 
(Fig. 3). There was no association between cancer cell CAV1 expression and DFS on univariate analyses (HR 1.14; 
95% CI, 0.59–2.21; P = 0.681). Patients with weak stromal CAV1 expression had a median OS of 56 months, while 
the median OS was not reached in patients with strong stromal CAV1 expression. Three- and 5-year OS rates 
were 69% and 43%, respectively, in patients with weak stromal CAV1 expression and 80% and 71%, respectively, 
in patients with strong stromal CAV1 expression.

Multivariate analysis for DFS was adjusted for risk of recurrence according to the Clinical Risk Score5, pre-
operative administration of bevacizumab, response to neoadjuvant chemotherapy, administration of adjuvant 
post-hepatectomy chemotherapy, and stromal CAV1 expression. For OS, the multivariate analysis was adjusted 
for age, risk of recurrence according to the Clinical Risk Score5, administration of adjuvant post-hepatectomy 
chemotherapy, and stromal CAV1 expression. In multivariate analysis, factors that remained statistically asso-
ciated with DFS included high-risk patients according to the Clinical Risk Score5 (HR 1.88; 95% CI, 1.16–3.06; 
P = 0.010), disease progression during neoadjuvant chemotherapy according to the RECIST criteria16 (HR 4.11; 
95% CI, 1.90–8.89; P < 0.001), no administration of adjuvant post-hepatectomy chemotherapy (HR 1.89; 95% CI, 
1.09–3.29; P = 0.023), and weak stromal CAV1 expression (HR 2.00; 95% CI, 1.24–3.22; P = 0.004. Regarding OS, 
factors that remained statistically associated with OS in multivariate analysis were high risk patients according to 
the Clinical Risk Score5 (HR 2.11; 95% CI, 1.11–4.04; P = 0.023), no administration of adjuvant post-hepatectomy 
chemotherapy (HR 2.35; 95% CI, 1.20–4.63; P = 0.013), and weak stromal CAV1 expression (HR 2.47; 95% CI, 
1.28–4.76; P = 0.007) (Table 2).

Discussion
In our study, we demonstrate that in patients with liver-only colorectal metastases undergoing potentially curative 
hepatectomy, there is a significant association between stromal CAV1 expression and DFS and OS, but no cor-
relation between cancer cell CAV1 expression and DFS and OS. A weak stromal CAV1 expression increases the 
likelihood of disease recurrence and cancer-related death, and decreases DFS and OS. Stromal CAV1 expression 
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Parameter Total

Stromal CAV1 expression

P-valueWeak Strong

Age at operation

≤70 yr 89 (81.7%) 35 (74.5%) 54 (87.1%)

>70 yr 20 (18.3%) 12 (25.5%) 8 (12.9%) 0.133

Gender

Female 42 (38.5%) 20 (42.6%) 22 (35.5%)

Male 67 (61.5%) 27 (57.4%) 40 (64.5%) 0.552

Clinical Risk Score+

Low Risk 55 (50.5%) 25 (53.2%) 30 (48.4%)

High Risk 50 (45.8%) 21 (44.7%) 29 (46.8%)

Unknown 4 (3.7%) 1 (2.1%) 3 (4.8%) 0.844

No. of metastasis at diagnosis++

1 47 (43.1%) 22 (46.8%) 25 (40.3%)

>1 62 (56.9%) 25 (53.2%) 37 (59.7%) 0.560

Size of largest metastases++

≤5 cm 85 (78%) 36 (76.6%) 49 (79%)

>5 cm 23 (21.1%) 11 (23.4%) 12 (19.4%)

Unknown 1 (0.9%) 0 (0%) 1 (1.6%) 0.644

Timing of metastasis++

Synchronous 33 (30.3%) 16 (34%) 17 (27.4%)

Metachronous 76 (69.7%) 31 (66%) 45 (72.6%) 0.530

Preoperative CEA++

≤200 ng/ml 104 (95.4%) 46 (97.9%) 58 (93.6%)

>200 ng/ml 3 (2.8%) 1 (2.1%) 2 (3.2%)

Unknown 2 (1.8%) 0 (0%) 2 (3.2%) 0.708

Lymph node-positive primary tumour++

No 29 (26.6%) 12 (25.5%) 17 (27.4%)

Yes 77 (70.6%) 34 (72.4%) 43 (69.4%)

Unknown 3 (2.8%) 1 (2.1%) 2 (3.2%) 0.830

Type of Neoadjuvant chemotherapy

Oxaliplatin-based chemotherapy 71 (65.2%) 29 (61.7%) 42 (67.7%)

Irinotecan- based chemotherapy 37 (33.9%) 18 (38.3%) 19 (30.7%)

Other 1 (0.9%) 0 (0%) 1 (1.6%) 0.540

Preoperative administration of Bevacizumab

No 66 (60.6%) 31 (66%) 35 (56.5%)

Yes 43 (39.4%) 16 (34%) 27 (43.5%) 0.331

Response to neoadjuvant chemotherapy+++

Responders+ 100 (91.7%) 43 (91.5%) 57 (91.9%)

Progression 9 (8.3%) 4 (8.5%) 5 (8.1%) 0.933

No. of segments removed

≤3 55 (50.5%) 23 (48.9%) 32 (51.6%)

>3 54 (49.5%) 24 (51.1%) 30 (48.4%) 0.848

Primary Tumour in situ at the time of hepatectomy

No 90 (82.6%) 39 (83%) 51 (82.3%)

Yes++++ 19 (17.4%) 8 (17%) 11 (17.7%) 0.999

Adjuvant chemotherapy

Yes 82 (75.2%) 33 (70.2%) 49 (79%)

No 27 (24.8%) 14 (29.8%) 13 (21%) 0.371

Cancer cells CAV1 expression

Weak 38 (34.9%) 16 (34%) 22 (35.5%)

Strong 70 (64.2%) 31 (66%) 39 (62.9%)

Unknown 1 (0.9%) 0 (%) 1 (1.6%) 0.842

Table 1. Relationships between baseline clinicopathologic characteristics and Stromal CAV1 expression. 
+Clinical Risk Score according to Fong Y et al.5. ++Clinical Variables included in the Clinical Risk Score5. 
+++Radiologic Complete Response or Radiologic Partial Response or Stable Disease (according to RECIST)16. 
++++15 patients underwent synchronous resection of primary tumour and CRLM and 4 patient were 
management with ‘liver first’ approach.
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is not affected by the clinicopathological characteristics of the patients. Although the prognostic value of stromal 
CAV1 expression has been demonstrated in various types of cancer, to the best of our knowledge, this is the first 
study investigating the stromal CAV1 expression of metastases, and more specifically, in liver-only colorectal 
metastases7–12.

The most extensive research regarding the prognostic value of stromal CAV1 expression concerned breast can-
cer8, 9, 17–21. All these studies documented that loss of stromal CAV1 expression or weak expression is a regulatory 
key in all aspects of tumorigenesis and tumour progression. More specifically, it was shown that loss of stromal 
CAV1 expression accelerates the progression of ductal carcinoma in situ to invasive cancer and is associated with 
more advanced disease with higher T and N stages, higher recurrence rates, and decreased DFS and OS8, 9, 17–21. 
Interestingly, two of these studies showed that loss of stromal CAV1 expression is also associated with resistance 
to therapy with tamoxifen9, 21. Another interesting finding of these studies was that DFS and OS were associated 
with stromal CAV1 expression but not with cancer cell CAV1 expression8, 9, 18.

More recently, studies investigated the prognostic value of stromal CAV1 expression in various cancers, and 
more specifically in prostate cancer, gastric cancer, pancreatic cancer, non-small-cell lung cancer, and colorectal 
cancer7, 10–12, 22. All these studies concluded that loss of stromal CAV1 expression is associated with decreased 
DFS and OS. Furthermore, the results of all these studies confirm the findings of breast cancer studies that stro-
mal CAV1 expression and not tumour cell CAV1 expression has of prognostic value7, 10–12, 22. In our study, we 
demonstrated for the first time that weak expression of CAV1 is associated with decreased DFS and OS in patients 
undergoing liver-resection for colorectal liver metastases.

Currently, it is accepted worldwide that tumorigenesis and tumour progression is not only associated with 
the transformation of cancer cells themselves, but is a complex process involving the crosstalk between cancer 
cells and the tumour microenvironment. The tumour microenvironment is consisted mainly of cancer-associated 
fibroblasts (CAFs), although it is not limited to CAFs. The study of CAFs is an emerging area of research as more 
and more studies find these cell functions as conducive to cancer growth, progression, and metastasis23–26. More 
specifically, it has been shown that CAFs accelerate the proliferation, survival, and migration of cancer cells, and 
prevent cancer cell apoptosis23. Also, the expression (or inexpression) of some markers by CAFs, including CAV1, 
has been shown to have prognostic value in various malignancies7, 10–12, 22, 27.

Although there is little knowledge regarding the origin of CAFs, loss of fibroblast CAV1 expression plays 
a crucial role in the phenotype transformation from benign fibroblasts to CAFs28. It has been shown that 
Caveolin-1−/− null mammary stromal fibroblasts and CAFs have a similar phenotype, and that this phenotype 
is reversed by treatment with a Cav-1 mimetic peptide29, 30. Although loss of stromal CAV1 expression may be 
attributed to various mechanisms (activation of oncogenes or inactivation of tumour suppression genes, activa-
tion of the TGF-β signalling pathway as it occurs in fibroblasts involved in wound healing), some recent studies 
demonstrated that cancer cells themselves accelerate the loss of CAV1 expression of stromal fibroblasts31–34.

Cancer cells secrete peroxide oxygen in the tumour microenvironment, inducing oxidative stress in surround-
ing fibroblasts31. Oxidative stress activates the HIF-1 and NF-kB transcription factors in stromal cells. This activa-
tion accelerates autophagy, mitophagy, and aerobic glycolysis in stromal fibroblasts. Autophagy, in turn, results in 
downregulation of CAV1 expression and phenotype transformation of benign fibroblasts into CAFs. Mitophagy, 
mitochondrial dysfunction, and aerobic glycolysis in stromal fibroblasts result in the production and secretion of 
lactate and ketones by the CAFs. These nutrients are recruited and used by cancer cells, which are characterised 
by normal if not increased mitochondrial function, and thus undergo oxidative mitochondrial metabolism. The 
sequence of events described above comprises the reverse Warburg effect and the autophagic tumour stroma 
model of cancer metabolism recently proposed by S. Pavlides et al.35, 36. Furthermore, some in vivo animal studies 
proposed that breaking this stromal–epithelial metabolic coupling may adversely affect the growth of cancer 
cells15, 37. It is unknown if breaking this coupling will have any effect on cancer treatment, and more studies inves-
tigating this possibility are needed.

Conclusions
Our study, demonstrating a role for stromal CAV1 expression in disease-free and overall survival for patients 
with resected CRLM, adds to the growing body of evidence supporting the prognostic value of stromal CAV1 
expression in perhaps all types of malignancies, and the utility of stromal CAV1 expression but not of cancer 

Figure 1. Immunohistochemical staining for caveolin-1. (A) Weak stromal caveolin-1 (CAV1) expression in 
colorectal liver metastases. (B) Strong stromal caveolin-1 (CAV1) expression in colorectal liver metastases.
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Parameter

DFS OS

Univariate analysis Μultivariate analysis Univariate analysis Μultivariate analysis

HR(95% CI) P- value HR(95% CI) P-value HR(95% CI) P-value HR(95% CI) P-value

Age at operation

≤70 yr 1 (referent) 1 (referent) 1 (referent)

>70 yr 1.11 (0.62–1.99) 0.718 2.12 (1.04–4.34) 0.038 1.65 (0.80–3.39) 0.173

Gender

Female 1 (referent) 1 (referent)

Male 1.51 (0.92–2.47) 0.101 1.34 (0.68–2.65) 0.394

Clinical Risk Score+

Low Risk 1 (referent) 1 (referent) 1 (referent) 1 (referent)

High Risk 1.96 (1.22–3.15) 0.005 1.88 (1.16–3.06) 0.010 2.31 (1.21–4.40) 0.011 2.11 (1.11–4.04) 0.023

No. of metastasis at diagnosis++

1 1 (referent) 1 (referent)

>1 2.26 (1.38–3.71) 0.001 1.65 (0.86–3.17) 0.130

Size of largest metastases

≤5 cm 1 (referent) 1 (referent)

>5 cm 1.20 (0.70–2.08) 0.493 1.48 (0.72–3.06) 0.279

Timing of metastasis

Synchronous 1 (referent) 1 (referent)

Metachronous 1.42 (0.85–2.38) 0.179 1.37 (0.68–2.77) 0.372

Preoperative CEA++

≤200 ng/ml 1 (referent) 1 (referent)

>200 ng/ml 2.08 (0.65–6.65) 0.217 3.15 (0.95–10.4) 0.059

Lymph node-positive primary tumour++

No 1 (referent) 1 (referent)

Yes 2.33 (1.29–4.19) 0.005 2.85 (1.18–6.87) 0.019

Type of Neoadjuvant chemotherapy

Oxaliplatin-based chemotherapy 1 (referent) 1 (referent)

Irinotecan- based chemotherapy 1.45 (0.90–2.33) 0.125 1.15 (0.58–2.28) 0.685

Preoperative administration of Bevacizumab

No 1 (referent) 1 (referent) 1 (referent)

Yes 1.57 (0.98–2.49) 0.057 1.59 (0.97–2.60) 0.061 1.11 (0.58–2.13) 0.736

Response to neoadjuvant chemotherapy

Responders+++ 1 (referent) 1 (referent) 1 (referent)

Progression 4.60 (2.20–9.60) <0.001 4.11 (1.90–8.89) <0.001 1.75 (0.61–5.00) 0.289

No. of segments removed

≤3 1 (referent) 1 (referent)

>3 1.35 (0.85–2.14) 0.197 1.11 (0.59–2.09) 0.729

Primary Tumour in situ at the time of hepatectomy

No 1 (referent) 1 (referent)

Yes++++ 1.35 (0.88–2.08) 0.169 1.06 (0.55–2.04) 0.842

Adjuvant chemotherapy

Yes 1 (referent) 1 (referent) 1 (referent) 1 (referent)

No 2.30 (1.37–3.88) 0.002 1.89 (1.09–3.29) 0.023 2.94 (1.50–5.75) 0.002 2.35 (1.20–4.63) 0.013

Stromal CAV1 expression

Strong 1 (referent) 1 (referent) 1 (referent) 1 (referent)

Weak 1.78 (1.13–2.83) 0.013 2.00 (1.24–3.22) 0.004 2.82 (1.47–5.38) 0.002 2.47 (1.28–4.76) 0.007

Cancer cells CAV1 expression

Strong 1 (referent) 1 (referent)

Weak 1.01 (0.62–1.62) 0.966 1.14 (0.59–2.21) 0.681

Table 2. Baseline clinicopathologic characteristics and their association with DFS and OS in univariate analysis 
and multivariate analysis. Abbreviation: DFS = disease free survival; OS = overall survival; HR = hazards ratio; 
CI = confidence interval; +Clinical Risk Score according to Fong Y et al.5. ++Clinical Variables included in 
the Clinical Risk Score5. +++Radiologic Complete Response or Radiologic Partial Response or Stable Disease 
(according to RECIST)16. ++++15 patients underwent synchronous resection of primary tumour and CRLM and 
4 patient were management with ‘liver first’ approach.
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cell CAV1 expression for the classification of cancer patients into high- and low-risk groups for recurrence and 
cancer-related death. The greatest limitation of our study is its retrospective nature, and as such, selection bias is a 
possibility. The strength of our work includes a uniform approach to patient assessment, treatment, and surgery, 
and a resulting homogeneous patient population. We suggest validation of our findings in an independent cohort, 
with the aim of implementing more individualised treatments for patients undergoing hepatectomy for CRLM. 
In the future, further experience could also lead to the introduction of targeting therapies of either stromal CAV1 
or other key regulators of the reverse Warburg effect and the autophagic tumour stroma model of cancer metab-
olism15, 37.

Figure 2. Kaplan–Meier analysis. Stromal CAV1 expression and disease-free survival. Weak stromal CAV1 
expression is associated with a decreased DFS.

Figure 3. Kaplan–Meier analysis. Stromal CAV1 expression and overall survival. Weak stromal CAV1 
expression is associated with a decreased OS.
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Ethics approval and consent to participate. The study was approved by the local ethics committee and 
the Institutional Review Board and therefore performed in accordance with the ethical standards laid down in 
the Declaration of Helsinki.

Consent for publication. All patients sign approval before operation for the immunochemistry of the 
specimens.

References
 1. Pawlik, T. M., Schulick, R. D. & Choti, M. A. Expanding criteria for respectability of colorectal liver metastases. Oncologist. 13(1), 

51–64 (2008).
 2. Tomlinson, J. S. et al. Actual 10-year survival after resection of colorectal liver metastases defines cure. J Clin Oncol. 10; 25(29), 

4575–80 (2007).
 3. Neal, C. P. et al. Molecular prognostic markers in resectable colorectal liver metastases: a systematic review. Eur J Cancer 42, 1728–43 

(2006).
 4. Tanaka, K. et al. Pre-hepatectomy prognostic staging to determine treatment strategy for colorectal cancer metastases to the liver. 

Arch Surg. 389, 371–79 (2004).
 5. Fong, Y., Fortner, J., Sun, R. L., Brennan, M. F. & Blumgart, L. H. Clinical score for predicting recurrence after hepatic resection for 

metastatic colorectal cancer: analysis of 1001 consecutive cases. Ann Surg. 230, 309–21 (1999).
 6. Koontongkaew, S. The tumor microenvironment contribution to development, growth, invasion and metastasis of head and neck 

squamous cell carcinomas. J Cancer 4, 66–83 (2013).
 7. Zhao, Z. et al. Loss of stromal caveolin-1 expression in colorectal cancer predicts poor survival. World J Gastroenterol. 28; 21(4), 

1140–7 (2015).
 8. Witkiewicz, A. K. et al. An absence of stromal caveolin-1 expression predicts early tumor recurrence and poor clinical outcome in 

human breast cancers. Am J Pathol. 174, 2023–2034 (2009).
 9. Sloan, E. K. et al. Stromal cell expression of caveolin-1 predicts outcome in breast cancer. Am J Pathol. 174, 2035–2043 (2009).
 10. Di Vizio, D. et al. An absence of stromal caveolin-1 is associated with advanced prostate cancer, metastatic disease and epithelial Akt 

activation. Cell cycle (Georgetown, TX) 8, 2420–2424 (2009).
 11. He, Y. et al. Quantum Dots-Based Immunofluorescent Imaging of Stromal Fibroblasts Caveolin-1 and Light Chain 3B Expression 

and Identification of Their Clinical Significance in Human Gastric Cancer. Int J Mol Sci. 24; 13(11), 13764–80 (2012).
 12. Shan, T. et al. Loss of stromal caveolin-1 expression: a novel tumor microenvironment biomarker that can predict poor clinical 

outcomes for pancreatic cancer. PLoS One 20; 9(6), e97239 (2014).
 13. Pavlides, S. et al. Warburg meets autophagy: cancer-associated fibroblasts accelerate tumor growth and metastasis via oxidative 

stress, mitophagy, and aerobic glycolysis. Antioxid Redox Signal. 16, 1264–1284 (2012).
 14. Martinez-Outschoorn, U. E. et al. Oxidative stress in cancer associated fibroblasts drives tumor-stroma co-evolution: a new paradigm 

for understanding tumor metabolism, the field effect and genomic instability in cancer cells. Cell Cycle 9, 3256–3276 (2010).
 15. Bonuccelli, G. et al. The reverse Warburg effect: glycolysis inhibitors prevent the tumor promoting effects of caveolin-1 deficient 

cancer associated fibroblasts. Cell Cycle 9, 1960–1971 (2010).
 16. Therasse, P. et al. New guidelines to evaluate the response to treatment in solid tumors. European Organization for Research and 

Treatment of Cancer, National Cancer Institute of the United States, National Cancer Institute of Canada. J Natl Cancer Inst. 2; 92, 
205–16 (2000).

 17. Witkiewicz, A. K. et al. Stromal caveolin-1 levels predict early DCIS progression to invasive breast cancer. Cancer Biol Ther. 8, 
1071–1079 (2009).

 18. Witkiewicz, A. K. et al. Loss of stromal caveolin-1 expression predicts poor clinical outcome in triple negative and basal-like breast 
cancers. Cancer Biol Ther. 10, 135 (2010).

 19. Koo, J. S., Park, S., Kim, S. I., Lee, S. & Park, B. W. The impact of caveolin protein expression in tumor stroma on prognosis of breast 
cancer. Tumour Biol. 32, 787–799 (2011).

 20. Qian, N. et al. Prognostic significance of tumor/stromal caveolin-1 expression in breast cancer patients. Cancer Sci. 102, 1590–1596 (2011).
 21. El-Gendi, S. M., Mostafa, M. F. & El-Gendi, A. M. Stromal caveolin-1 expression in breast carcinoma. Correlation with early tumor 

recurrence and clinical outcome. Pathol Oncol Res. 18(2), 459–69 (2012).
 22. Bertino, E. M. et al. Stromal Caveolin-1 Is Associated With Response and Survival in a Phase II Trial of nab-Paclitaxel With 

Carboplatin for Advanced NSCLC Patients. Clin Lung Cancer 16(6), 466–74 (2015).
 23. Pietras, K. & Ostman, A. Hallmarks of cancer: interactions with the tumor stroma. Exp Cell Res. 316, 1324–1331 (2010).
 24. Orimo, A. et al. Stromal fibroblasts present in invasive human breast carcinomas promote tumor growth and angiogenesis through 

elevated SDF-1/CXCL12 secretion. Cell 121(3), 335–348 (2005).
 25. Wang, W. et al. Crosstalk to stromal fibroblasts induces resistance of lung cancer to epidermal growth factor receptor tyrosine kinase 

inhibitors. Clinical Cancer Research 15(21), 6630–6638 (2009).
 26. Andre, F., Berrada, N. & Desmedt, C. Implication of tumor microenvironment in the resistance to chemotherapy in breast cancer 

patients. Curr Opin Oncol. 22, 547–551 (2010).
 27. Hasebe, T. et al. p53 expression in tumor-stromal fibroblasts is closely associated with the nodal metastasis and outcome of patients 

with invasive ductal carcinoma who received neoadjuvant therapy. Human Pathology 41(2), 262–270 (2010).
 28. Chen, D. & Che, G. Value of caveolin-1 in cancer progression and prognosis: Emphasis on cancer-associated fibroblasts, human 

cancer cells and mechanism of caveolin-1 expression (Review). Oncol Lett. 8(4), 1409–1421 (2014).
 29. Mercier, I. et al. Human breast cancer-associated fibroblasts (CAFs) show caveolin-1 downregulation and RB tumor suppressor 

functional inactivation. Cancer Biol Ther. 7, 1212–1225 (2008).
 30. Sotgia, F. et al. Caveolin-1−/− null mammary stromal fibroblasts share characteristics with human breast cancer-associated 

fibroblasts. Am J Pathol 174, 746–761 (2009).
 31. Witkiewicz, A. K. et al. Molecular profiling of a lethal tumor microenvironment, as defined by stromal caveolin-1 status in breast 

cancers. Cell Cycle. 10, 1794–1809 (2011).
 32. Pavlides, S. et al. Loss of stromal caveolin-1 leads to oxidative stress, mimics hypoxia and drives inflammation in the tumor 

microenvironment, conferring the ‘reverse Warburg effect’: a transcriptional informatics analysis with validation. Cell Cycle 9, 
2201–2219 (2010).

 33. Bist, A., Fielding, C. J. & Fielding, P. E. p53 regulates caveolin gene transcription, cell cholesterol, and growth by a novel mechanism. 
Biochemistry. 39, 1966–1972 (2000).

 34. Mueller, M. M. & Fusenig, N. E. Friends or foes-bipolar effects of the tumour stroma in cancer. Nat Rev Cancer. 4, 839–849 (2004).
 35. Pavlides, S. et al. The reverse Warburg effect: aerobic glycolysis in cancer associated fibroblasts and the tumor stroma. Cell Cycle. 

8(23), 3984–4001 (2009).
 36. Pavlides, S. et al. The autophagic tumor stroma model of cancer: Role of oxidative stress and ketone production in fueling tumorcell 

metabolism. Cell Cycle 9(17), 3485–505 (2010).
 37. Migneco, G. et al. Glycolytic cancer associated fibroblasts promote breast cancer tumor growth, without a measurable increase in 

angiogenesis: evidence for stromalepithelial metabolic coupling. Cell Cycle 9, 2412–2422 (2010).



www.nature.com/scientificreports/

9Scientific RepoRts | 7: 2058  | DOI:10.1038/s41598-017-02251-9

Author Contributions
E.F. proposed the study. E.F., E.P., N.K. and K.N. designed the study. K.N. and C.P. collected the data. G.A. and 
N.K. performed the evaluation of the immunohistochemical staining. K.N., C.P., At.P., I.P., Al.P., A.A., and N.K. 
analyzed the data. K.N. wrote the first draft. All authors contributed to the design and interpretation of the study 
and to further drafts. E.F. and K.N. are the guarantors.

Additional Information
Competing Interests: The authors declare that they have no competing interests.
Publisher's note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2017

http://creativecommons.org/licenses/by/4.0/

	Weak stromal Caveolin-1 expression in colorectal liver metastases predicts poor prognosis after hepatectomy for liver-only  ...
	Materials and Methods
	Patients and Specimens. 
	Immunohistochemistry. 
	Evaluation of Immunostaining. 
	Statistical Analysis. 

	Results
	Discussion
	Conclusions
	Ethics approval and consent to participate. 
	Consent for publication. 

	Figure 1 Immunohistochemical staining for caveolin-1.
	Figure 2 Kaplan–Meier analysis.
	Figure 3 Kaplan–Meier analysis.
	Table 1 Relationships between baseline clinicopathologic characteristics and Stromal CAV1 expression.
	Table 2 Baseline clinicopathologic characteristics and their association with DFS and OS in univariate analysis and multivariate analysis.




