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Folate receptor alpha (FRa), encoded by folate receptor 1 (adult) gene, has emerged as a cancer biomarker

and potential therapeutic target. In addition, its expression in tumors may offer prognostic information. The aim

of this study was to assess the prognostic value of FRa expression and other common molecular markers in

resected liver metastases from colorectal cancer. To maximize potential biological differences, we selected two

groups of patients with markedly different outcomes as study subjects. Immunohistochemical analysis of FRa

expression and other common markers (thymidylate synthase, p53, p27, BCL2, ki67, MLH1, MSH2 and MGMT)

on tissue microarrays was carried out on samples from 160 patients; 56 patients survived at least 10 years

following liver resection, and 104 died within 2 years of surgery. These markers were evaluated and compared

with standard clinical predictors of outcome including a previously validated clinical risk score. Our results

showed that in addition to known clinical risk factors, FRa positivity was significantly associated with the early

death group (32% compared with 13%; P¼ 0.03). None of the other common molecular markers were

differentially expressed between the two groups. On multivariate analysis, clinical risk score, margin status

and FRa expression were independently associated with outcome. Specific multivariate comparisons confirmed

that FRa expression was associated with outcome independent of the clinical risk score and margin. These data

demonstrate that FRa expression is present in a subset of resected hepatic colorectal cancer metastases, and

this marker is independently associated with survival after hepatic resection. The prognostic value of FRa

expression and the utility of FRa-targeted therapies in stage-IV colorectal cancer patients deserve further

exploration.
Modern Pathology (2011) 24, 1221–1228; doi:10.1038/modpathol.2011.82; published online 13 May 2011

Keywords: folate receptor 1 (adult); folate-targeted therapy; liver metastasis

The liver is the most common site of metastasis from
colorectal carcinoma. Although 20 to 25% of color-
ectal carcinoma patients present with synchronous
liver metastases, another 60% develop such meta-

stases after the diagnosis of the primary tumor.1,2

Surgical resection is potentially curative for colo-
rectal cancer metastases confined to the liver, with
a 5-year survival rate between 30 and 50%.3 Some
patients, however, recur early after resection and
have a poor outcome. A clinical risk score devel-
oped by Fong et al1 incorporates five preoperative
criteria including nodal status of the primary lesion,
disease-free interval, number of hepatic metastases,
size of the largest metastasis and preoperative
carcinoembryonic antigen (CEA) level. This
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preoperative score has been shown to be predictive
of outcome and survival for such patients surgically
treated with curative intent.

Over the last two decades, efforts to improve
prognostication for colorectal carcinoma patients
have been directed towards molecular biomarkers.
Encouraging developments in the molecular field
include the discovery of the microsatellite instabil-
ity phenotype as a favorable prognostic marker and
the absence of Kras and Braf mutations as predictors
of response to EGFR inhibitors.4 Achievements thus
far, however, are far from meeting the demands for a
diverse armamentarium required to overcome the
significant heterogeneity of both tumor and patient
characteristics.

Folate receptor alpha (FRa) is a cell membrane-
anchored protein encoded by the Folate receptor 1
(adult) gene (ie, the FOLR1 gene) in human. It binds
and transports folic acid, and has recently emerged
as a potential tumor biomarker.5–8 Its expression in
certain epithelial tumors such as ovarian, breast,
endometrial and non-small cell lung carcinoma has
been associated with tumor behavior.9–12 Impor-
tantly, FRa expression is tumor specific, as it is
significantly higher in tumor cells than in normal
cells.13 FRa also has a high affinity for folic acid; and
the high affinity is maintained when folic acid is
conjugated with other molecules. Such properties
of FRa have allowed developments of selective
delivery of folate-linked drugs and anti-FRa anti-
bodies to FRa-expressing cancer cells.14,15 Several
FRa-targeted therapeutic agents have entered into
the early-phase human clinical trials for treatment
of ovarian cancers, and have shown promising
results.16–20

Data on FRa expression in colorectal carcinomas
are limited and FRa-targeted approaches have not
been investigated in this cancer. In a previous
study utilizing tissue microarray and immunohisto-
chemistry, we analyzed the status of FRa expression
in primary colorectal cancers.21 Our results indi-
cated that a subset of colorectal cancers had positive
FRa expression detectable by immunohistochemis-
try, and the expression of FRa was inversely related
to tumor microsatellite instability-high phenotype.
On univariate analysis, positive FRa expression in
primary colorectal cancer correlated with a worse
5-year disease-specific survival. In the current
study, we extended our study of FRa to patients
with resected colorectal cancer liver metastases. The
analysis of FRawas carried out in parallel with other
commonly evaluated molecular markers including
the tumor suppressor gene products p53, p27 and
BCL2; proliferation marker ki67; DNA microsatellite
instability-related markers MLH1, MSH2 and
MGMT; and fluoropyrimidine-related predictive
marker thymidylate synthase. We analyzed these
molecular markers in the context of previously
established clinical risk factors. Our study objective
was to evaluate the prognostic value of FRa
and other common molecular markers in resected

colorectal cancer liver metastases. Such data may be
useful for assessing the potential of FRa-targeted
therapy in patients with resected colorectal cancer
liver metastases.

Materials and methods

Clinical Information

This study was approved by the Memorial Sloan-
Kettering Cancer Center Institutional Review Board.
Study subjects were identified from a prospectively
maintained database of patients undergoing liver
resection for colorectal cancer liver metastases from
1985 to 1994. To maximize potential biological and
molecular differences among study subjects, two
groups of patients with markedly different clinical
outcome were chosen: (1) those who survived at
least 10 years after surgery, termed ‘long-term survivor
group’; and (2) those who died within 2 years of
resection, termed ‘early death group’.

Clinical variables were collected from a prospec-
tive clinical database and supplemented with review
of medical records, operative reports, anesthesia
reports and pathology reports as needed. The vari-
ables analyzed were as follows: patient demographics,
extent of liver resection, bilateral resection, disease-
free interval before hepatic surgery, lymph-node
status of the primary tumor, size and number of
hepatic metastases, pre-hepatectomy CEA level
and the status of the hepatic resection margin. The
clinical risk score, as defined previously, was eval-
uated.1 Briefly, a point was assessed for each of the
following five factors: (1) disease-free interval less
than 12 months, (2) node-positive primary colorectal
cancer, (3) greater than one tumor, (4) size of largest
tumor greater than 5cm and (5) pre-hepatectomy CEA
4200ng/ml.

Pathological Assessment

All liver metastasis specimens were analyzed for
histology type, number of tumor nodules, size of the
largest nodule and margin status. Representative
tumor blocks were selected from each case and used
for the construction of tissue microarrays. The ATA-
27 automated arrayer (Beecher Instruments) was
used to create the microarrays. The punch size was
set at 0.6mm. Three cores of different areas of the
tumor were sampled from each tumor specimen.

Immunohistochemical staining was performed on
the tissue microarray slides. The sections were
deparaffinized, rehydrated in graded alcohols and
processed using the avidin-biotin immunoperoxi-
dase method. Briefly, sections were submitted to
antigen retrieval by heat treatment for 15min in
0.01mM-citrate buffer at pH 6.0 (For FRa staining,
slides were placed in a preheated DAKO Target
Retrieval Buffer (DAKO Cytomation, Carpenteria,
CA, USA) for 40min using the ISOTEMP 205 water

FRa expression in metastatic colorectal cancer

1222 M D’Angelica et al

Modern Pathology (2011) 24, 1221–1228



bath (Fisher Scientific)). For Ki-67 antibody, an
additional step of incubation in preheated 0.05%
trypsin, 0.05% CaCl2 in Tris-HCl (pH 7.6) for 5min
at 371C before microwave treatment was carried
out. Slides were subsequently incubated in 10%
normal horse serum for 30min. The slides were
then incubated in appropriately diluted primary
antibody. Mouse antihuman monoclonal antibodies
to FRa (mAb343 (1.8mg/ml) (curtsey of Wilbur
FRanklin and Philip Low)), p53 (Ab-2, clone 1801;
1:500; Calbiochem, Cambridge, MA, USA; the anti-
body detects wild-type and mutated p53), p27
(Ab-2, clone DCS72; 1:500; Oncogene Research
Products, Cambridge, MA, USA), Ki-67 (Mib-1;
1:50; Immunotech, Marseille, France), BCL2 (clone
124; 1:72; Dako, Glostrup, Denmark), thymidylate
synthase (clone TS106/4H4B1, Zymed Laboratories,
South San Francisco, CA, USA), MGMT (1:25;
NeoMarkers, Fremont, CA, USA), MLH1 (clone
G168-728, diluted 1:250, Pharmingen, San Diego,
CA, USA) and MSH2 (clone FE11, diluted 1:50,
Oncogene Research Products) were used. Samples
were then incubated with biotinylated anti-

mouse immunoglobulins at 1:500 dilution (Vector
Laboratories, Burlingame, CA, USA) followed by
avidin-biotin peroxidase complexes (1:25; Vector
Laboratories) for 30min. Diaminobenzidine was used
as the chromogen, and hematoxylin was used as the
nuclear counterstain.

Cases with at least two of the three tissue cores
showing analyzable staining were included in the
final analysis. Those with only one or no cores with
analyzable staining were regarded as tissue lost and
not included in this study.

The FRa staining was evaluated using a pre-
viously described scoring system.22 Briefly, cases
were scored as 0 when there was no staining in any
of the cores, 1þ when at least one core showing at
least weak staining but not qualifying for 2þ ; and
2þ when at least two tissue cores showing
moderate staining or one core showing strong
staining. Examples of various staining intensities
are illustrated in Figure 1.

For MGMT, MLH1 and MSH2 staining, ‘abnormal’
referred to loss of nuclear staining in 100% of tumor
cells. For MLH1 and MSH2, cases that showed

Figure 1 Examples of negative (a), weak (b), moderate (c) and strong (d) immunohistochemical staining for Folate Receptor-a in liver
metastases from colorectal adenocarcinoma.
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abnormal staining (loss of nuclear staining in 100%
of tumor cells) or equivocal staining on tissue array
sections were tested again on corresponding whole
sections with MLH1 and PMS2 (clone A16-4, diluted
1:200, BD Pharmingen) or MSH2 and MSH6 (clone
GRBP.P1/2.D4, diluted 1:200; Serotec, Raleigh, NC,
USA), respectively. The findings of the whole
sections represented the final data for these markers.

For all other markers, the positive staining was
classified as continuum data (undetectable levels or
0% to homogeneous staining or 100%). The cutoff
values for tumor cell staining used in this study
were defined as follows: (a) high Ki-67 proliferative
index, if 460% tumor cells stained positive; (b) p53
overexpression, if 450% tumor cells stained posi-
tive; (c) BCL2 overexpression, if 430% tumor cells
stained positive; (d) p27 positivity, if 420% tumor
stained positive; and (e) thymidylate synthase over-
expression, if 430% tumor cells stained positive.

Statistical Analysis

Survival was measured from the time of liver
resection to death or last follow-up and categorized
as either early (r2 years) or late (410 years). All
alive patients had at least 10 years of follow-up to
avoid bias due to this dichotomization. Comparison
of categorical variables was carried out using Fisher
exact test, and continuous variables were presented
as mean values and range and compared using a
two-sample t test. The association between FRa
status and early death was adjusted for clinical risk
score and positive margins using an exact logistic
regression model. A P-value o0.05 was considered
significant.

Results

Clinical and Pathological Findings

A total of 602 patients underwent liver resection
at MSKCC for colorectal cancer liver metastases
from 1985 to 1994. From this cohort, we identified
160 patients with sufficient pathological material;
56 belonging to the long-term survivor group and
104 to the early death group.

As summarized in Table 1, more patients in the
early death group had multiple liver tumors (63 vs
43%; P¼ 0.04), with a median number of two
tumors compared with one in the long-term survivor
group. The early death group was also more likely to
have tumors greater than 5 cm (61 vs 35%; Po0.01).
Median size of the largest tumor was 5.5 cm in early
death group compared with 3.5 cm in the long-term
survival group. Pre-hepatectomy CEA was more
commonly greater than 200ng/ml in the early death
group (24 vs 7%; P¼ 0.01). Median pre-hepatectomy
CEA was 37.9 ng/ml in the early death group but
only 8.5 ng/ml in long-term survivors. Clinical risk
score greater than or equal to 3 was observed in 56%
of the early death group compared with 16% of long-
term survivors (Po0.01). Median clinical risk score
was 3 in the early death group and 2 in long-term
survivors. No long-term survivors had positive
resection margins.

Immunohistochemical Findings

The comparison of the results of immunohisto-
chemical testing is summarized in Table 1. Analyz-
able data for FRa expression were obtained in
150 patients, of which 37 (25%) were positive;

Table 1 Clinical, pathological and immunohistochemical characteristics in patients with hepatic colorectal cancer metastases and
distinctly different survival

o2-year survival
(n¼ 104)

410-year survival
(n¼ 56)

P-value

Median age (range) 62 (28–82) 62 (32–79) 0.88
Male 71 (68%) 36 (64%) 0.61
Hemi-hepatectomy or more extensive 70/104 (67%) 36/56 (64%) 0.70
Bilateral resection 49/104 (47%) 15/56 (27%) 0.01
Disease-free interval o12 months 50/103 (49%) 41/55 (75%) o0.01
Node-positive primary cancer 65/96 (68%) 30/56 (54%) 0.08
More than one tumor in liver 65/104 (63%) 25/55 (46%) 0.04
Largest tumor 45 cm 62/102 (61%) 19/54 (35%) o0.01
Pre-hepatectomy CEA 4200 (ng/ml) 20/84 (24%) 4/55 (7%) 0.01
Margin positive 21/104 (20%) 0/56 o0.01
Clinical risk high score (Z3) 58/104 (56%) 9/56 (16%) o0.01
FRa overexpression (1+ and 2+) 30/95 (32%) 7/55 (13%) 0.03
P53 overexpression
(450% tumor positive) 56/102 (55%) 23/56 (41%) 0.25
Ki-67 staining index 460% 51/102 (50%) 21/56 (38%) 0.13
P27 overexpression (420% tumor positive) 37/99 (37%) 21/55 (38%) 0.39
Thymidylate synthase overexpression (420% tumor positive) 45/101 (45%) 19/56 (34%) 0.42
BCL2 overexpression (430% tumor positive) 11/101 (11%) 8/56 (15%) 0.77
Loss of MGMT 14/98 (14%) 13/56 (23%) 0.16
Loss of MLH1/MSH2 2/100 (2%) 4/55 (7%) 0.19

Bold P values o0.05 was considered significant.
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22 (15%) with a score of 1 and 15 (10%) with a score
of 2. FRa expression was more commonly seen in
tumors from the early death group (32 vs 13%;
P¼ 0.03). There were no other differences in expres-
sion of other tumor markers between the two groups.

Correlation among Various Clinical and Pathological
Features

As listed in Table 2, there was no significant associa-
tion between FRa expression and patient demo-
graphics, tumor characteristics or immunohisto-
chemical staining. The only statistically significant
difference between these groups was a higher margin
positive resection in FRa-positive patients (24 vs 10%;
P¼ 0.05). After excluding margin positive patients,
FRa continued to be more commonly expressed in the
early death group compared with long-term survivors
(28 vs 13%; P¼ 0.05).

Factors significantly associated with the long-
term survivor group on univariatse analysis in-
cluded FRa, disease-free interval, number of tumors,
size of largest tumor and pre-hepatectomy CEA level
(Table 1). As all of these variables (except for FRa)
are part of the clinical risk score and because our
goal was to obtain adjusted estimates of the associa-
tion between early death and FRa status rather than
investigating prognostic factors, we used clinical
risk score (Z3 vs r2) for an adjusted analysis. We
also included positive margins, as this was the only
variable that significantly differed between FRa-
positive and -negative patients. The results of this
multivariate analysis are shown in Table 3. FRa
remained a significant predictor of early death after
adjusting for clinical risk score and margins.
Patients who are FRa positive are at three-fold
increased risk of early death, regardless of their
clinical risk score or margins (OR¼ 3.2, 95% con-

fidence interval: 1.1–10.3, P¼ 0.032). To confirm
this finding, we carried out a second analysis of FRa
status and clinical risk score on the margin-negative
patients only, and FRa status retained its status as an
independent predictor (data not shown).

Discussion

One of the objectives of this study was to analyze the
expression pattern of FRa in resected colorectal
cancer liver metastases utilizing immunohistochem-
istry as the detection method. In keeping with what
has been shown in a previous study, we found
overexpression of FRa in a subset of hepatic
metastases.21 Such information should provide a
basis for further exploration of the utility of FRa-
targeted strategies in this patient population.

In this study, we found that 25% of resected
colorectal cancer liver metastases demonstrated FRa
expression; 10% with strong intensity. As our
previous study that used the same detection method
found a similar frequency in primary colorectal
cancers (33%, 9% with strong intensity, n¼ 177), it
is tempting to assume that both the primary and
metastatic tumors have a similar pattern of FRa
expression. However, as the study subjects in the
current study were selected groups based on out-
come, the frequency may not be representative of the

Table 2 FRa versus other clinical and pathological characteristics

FRa positive
(n¼37)

FRa negative
(n¼ 113)

P-value

Median age (range) 61 (33–79) 63 (28–82) 0.34
Male/female 28 (76%) 70 (62%) 0.13
Hemi-hepatectomy or more extensive 23/37 (62%) 76/113 (67%) 0.57
Bilateral resection 18/37 (49%) 41/113 (36%) 0.18
Disease-free interval o12 months 20/37 (54%) 42/111 (38%) 0.08
Node-positive primary cancer 21/31 (68%) 65/111 (59%) 0.36
More than one tumor in liver 20/37 (54%) 62/112 (55%) 0.89
Largest tumor 45 cm 19/36 (53%) 58/111 (52%) 0.96
Pre-hepatectomy CEA 4200 (ng/ml) 7/29 (24%) 15/101 (15%) 0.24
Margin positive 9/37 (24%) 11/113 (10%) 0.05
Clinical risk high score (Z3) 16/37 (43%) 45/113 (40%) 0.71
P53 overexpression (450% tumor positive) 27/37 (73%) 70/112 (63%) 0.32
Ki-67 staining index 460% 20/37 (54%) 47/112 (42%) 0.20
P27 overexpression (420% tumor positive) 30/37 (81%) 78/107 (73%) 0.38
Thymidylate synthase overexpression (420% tumor positive) 20/37 (54%) 40/111 (36%) 0.08
BCL2 overexpression (430% tumor positive) 5/37 (14%) 13/111 (12%) 0.78
Loss of MGMT 3/37 (8%) 22/109 (20%) 0.13
Loss of MLH1/MSH2 0/37 (0%) 6/110 (5%) 0.34

Bold P values o0.05 was considered significant.

Table 3 Multivariate analysis for predictors of early death

Odds ratio 95% CI P-value

FRa positive 3.2 1.1, 10.3 0.032
Clinical risk score Z3 6.2 2.5, 17.1 o0.001
Margin positive 16.1 2.5, NAa 0.001

a
All positive margin patients were in the early death group, hence the
upper confidence limit cannot be estimated.
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general population of patients with advanced colo-
rectal cancer. Studies of paired primary and meta-
static colorectal cancers from the same patients
would be needed to answer whether FRa expression
in colorectal cancers persists as a tumor progresses
in an individual patient. Such data may become
relevant should FRa-targeted therapies find utility
in colorectal cancer patients.

The second purpose of this study was to evaluate
the potential prognostic significance of FRa expres-
sion in resected colorectal cancer liver metastases in
comparison with other commonly evaluated mole-
cular markers. Although none of the common
molecular markers were associated with early death
or 10-year survival, FRa overexpression indepen-
dently associated with early death in addition to
other previously defined clinical risk factors such as
bilateral resection, disease-free interval, number of
tumor nodules, size of the largest tumor, pre-hepatect-
omy CEA level and positive margin. The significance
of FRa was maintained on multivariate analysis and
had added predictive value to our best clinical
predictors of outcome including the clinical risk score.

The molecular markers we assessed along with
FRa included p53, p27, BCL2, ki67, MLH1, MSH2,
MGMT and thymidylate synthase. These and other
related markers have been extensively studied in
recent years in primary colorectal cancers.4,22–29

The most frequent scenario, in which these markers
were assessed has been stage II cancers to identify
patients who might benefit from adjuvant therapy
but would otherwise be denied of such an opportu-
nity.30 The data thus far have been inconclusive.
Although none of the markers has yet reached
sufficient statistical significance to allow routine
clinical use, microsatellite instability holds great
promise as a favorable prognostic marker that
may find routine use in clinic practice in the
foreseeable future. In this study, we hoped to
evaluate the prognostic significance of these mar-
kers in resected stage-IV colorectal cancer patients, a
scenario that is not well covered in the literature but
is becoming increasingly pertinent as treatment
paradigms include surgical resection as a standard
component.

Our data suggest that the expression of the
molecular markers p53, p27, BCL2, ki-67 and
thymidylate synthase do not have sufficient statis-
tical significance as prognostic markers in resected
colorectal cancer liver metastases. With regard to
microsatellite instability-related markers, we found
only six tumors that demonstrated loss of either
MLH1 or MSH2 by immunohistochemistry in 155
metastases (4%). This low rate is in keeping with the
literature, indicating a significantly lower frequency
of microsatellite instability-high phenotype in
advanced colorectal cancers when compared with
primary cancers, and likely reflecting the fact that
microsatellite instable cancers are less likely to
metastasize.28 The low number of positive cases in
our series makes it impossible to draw any mean-

ingful conclusion about its prognostic significance
in patients with resected colorectal cancer liver
metastases. Thymidylate synthase has been studied
in resected colorectal cancer liver metastases with
mixed results. One study utilizing immunohisto-
chemistry demonstrated thymidylate synthase to be
associated with outcome, but this effect was abro-
gated by the use of adjuvant hepatic arterial infusion
chemotherapy.31 Another study analyzed TS expres-
sion by reverse-transcription PCR and found that TS
was not associated with outcome.32

Immunohistochemical detection of MGMT has
been used as a surrogate marker for the CpG island
methylator phenotype (CIMP) in colorectal cancers,
and has been shown to correlate closely with results
obtained by using methylation-specific PCR
assays.28,33 Data regarding loss of MGMT using
immunohistochemistry in colorectal metastasis are
largely lacking. Our analysis in this study demon-
strated a trend towards more frequent loss of MGMT
(implying increased frequency of CIMP) in patients
with long-term survival; however, this trend fell
short of statistical significance.

In contrast to the aforementioned markers, FRa
expression was found to be significantly associated
with early death after resection of colorectal cancer
liver metastases on both univariate and multivariate
analyses. Importantly, this was demonstrated in the
context of many well-defined clinical risk factors.
Furthermore, the addition of FRa status to the
clinical risk score may strengthen prognostication.
Such an observation is in line with our previous
findings in primary colorectal cancers, as well as
that observed in ovarian, breast and endometrial
carcinoma.9–11 In all of these tumor types including
both primary and metastatic colorectal cancer, over-
expression of FRa detected by immunohistochem-
istry had either a strong trend towards, or
significantly correlated with a worse survival.
Interestingly, however, a study that evaluated 119
non-small cell lung cancers found high FRa expres-
sion to be correlated with a better survival.12 None-
theless, the association of FRa expression with
outcome should promote further research efforts
on the prognostic significance of this marker
in larger more heterogeneous colorectal cancer
populations.

The potential prognostic significance of FRa in
various cancers is conceptually conceivable as folate
has a key role in DNA synthesis and methylation.34

It is of interest to note that all six tumors that had
abnormal DNA mismatch repair protein expression
(implying microsatellite instability-high phenotype)
in our series were from the FRa-negative group.
Although the microsatellite instability phenotype
and FRa expression were not statistically associated
because of a small number of events, this tendency
of microsatellite instability-high to occur in FRa-
negative tumors was observed in our previous study
of primary colorectal cancers.21 It seems possible
that both the association between microsatellite
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instability-high and better outcome (as has been
observed in primary cancers), and the association
between the lack of FRa expression and better
outcome may be inter-related. Further investigation
in this regard may help reveal new mechanisms that
interconnect these events in colorectal cancer
development and/or progression.

In conclusion, this study demonstrates that FRa
expression is present in a subset of resected color-
ectal cancer liver metastases, and is independently
associated with early death after hepatic resection.
Studies on the use of FRa-targeted strategies in
resectable stage-IV colorectal cancer patients and on
evaluation of FRa as a cancer prognostic marker are
justified.
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