
Abstract. Strong expression of carbonic anhydrase IX
(CAIX), hypoxia-inducible factor-1α (HIF-1α), ezrin and
glucose transporter-1 (GLUT-1) was previously shown to be
related to adverse disease outcome in rectal cancer. In this
study, operative samples of 178 rectal cancer patients 77
treated with short-course and 47 with long-course preoperative
radiotherapy (RT), and 54 with no preoperative treatment, as
well as 80 preoperative biopsies from the RT group patients
were analyzed for these markers. For data reduction, principal
component analysis (PCA) was used to extract a set of factors
from the original clinicopathological variables that would
explain as much as possible of their variance. After extraction
and promax rotation, this set of five first-order factors (F1-F5)
was used in multivariate (Cox) modeling together with the four
biomarkers. In model 1 (biomarkers in operative samples), F1
was the only independent determinant of disease-free (DFS)
(p=0.043) and disease-specific survival (DSS) (p=0.029). In
model 2 (biomarkers in preoperative biopsies), none of the five
factors or biomarkers were significantly associated with DFS.
However, HIF-1α (p=0.024), ezrin (p=0.034), F1 (p=0.011),
and F3 (p=0.001) were significant independent predictors of
DSS. Similarly, in model 3 (ezrin in preoperative biopsies and
others in operative samples), none of the factors or biomarkers
were significant predictors of DFS. However, CAIX (p=0.028),
and F1 (p= 0.017) were significantly associated with DSS.

Preoperative RT markedly modifies the expression of these four
biomarkers and also interferes with the original
clinicopathological prognosticators (loaded to F1-F5),
emphasizing the complexity of prognostication in rectal cancer.

The most important prognostic factors of rectal cancer
include the number of metastatic and examined lymph nodes,
the depth of tumor invasion and the involvement of the
circumferential margin (CRM) (1-3). Local disease
recurrences have a detrimental effect on the patient’s quality
of life and survival (4, 5). Consequently, macroscopical and
microscopical radical resection is a cornerstone in the
management of rectal cancer (6). 

Removal of the mesorectum intact by total mesorectal
excision technique (TME) reduces the amount of local
recurrences (7). Preoperative treatment is shown to further
improve local disease outcome even after TME is utilized (8).
Preoperative short-course RT is generally used in the treatment
of T3 (stage IIA) rectal cancer, whereas long-course RT with
concomitant chemotherapy is recommended for locally
advanced T4 (stage IIB) tumors or tumors with predicted CRM
involvement (9). 

Tumor hypoxia is associated with resistance to radio- and
chemotherapy (10, 11). In addition, overexpression of markers
linked with hypoxia is coupled with poor disease outcome (12,
13). Hypoxia starts a cascade of events, leading to the
stabilization of hypoxia-inducible factor-1α (HIF-1α) and the
activation of several genes involved in angiogenesis, glycolysis,
invasion, metastasis, apoptosis, pH regulation and growth factor
signaling (14,15). The down-stream targets of HIF-1α include
carbonic anhydrase IX (CAIX) and glucose transporter-1
(GLUT-1) (14, 15). In several types of cancers, mammalian
target of rapamycin (mTOR) is a key regulator of HIF-1α
protein synthesis (16). As a cross-linker between the cell
membrane and the cytoskeleton (17, 18) ezrin is a crucial
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protein for metastatic behavior in cancer (19). Ezrin-related
metastatic behavior is in turn found to be associated with
mTOR pathway (17). Blocking mTOR is shown to inhibit
experimental lung metastasis (20). Thereby, HIF-1α, mTOR
and ezrin are interrelated.

In rectal cancer, strong expression of HIF-1α is linked to
shorter overall survival and inferior local disease control (13).
We have previously reported the effect of CAIX, HIF-1α, ezrin
and GLUT-1 expression on disease outcome in rectal cancer
treated with preoperative RT or chemoradiotherapy (21, 24).
Since these biomarkers are interrelated, their correlations with
common prognostic markers were analyzed here in multivariate
(Cox) analyses for disease-free (DFS) and disease-specific
survival (DSS).

Patients and Methods

Patients. The study population consisted of 178 consecutive patients
with rectal cancer treated according to the standard treatment protocols
at Turku University Hospital in 2000-2008. Patients with upper rectal
cancer, superficial tumors operated by excision and those with
metastatic disease were excluded from the study. Patients were treated
either with short-course (5×5 Gy) (n=77) or long-course RT (50.40
Gy) (n=47), or no treatment preoperatively (n=54). Long-course RT
was given with (n=37) or without chemotherapy (n=10). Treatment
was based on the stage and localization of the tumor, as decided by
the multidisciplinary team. In addition, 80 preoperative biopsies from
the patients who had received preoperative short- or long-course RT
were studied. Postoperative adjuvant chemotherapy was given to
patients with lymph node-positive disease or high-risk lymph node-
negative disease, as well as postoperative adjuvant chemotherapy or
chemoradiotherapy to eligible control group patients. After completion
of the treatment protocols, patients were scheduled for follow-up visits
at the Department of Surgery. The median and mean follow-up times
of the patients were 35 months and 40 months (range 2-114 months,
respectively). The patient population is described in detail in our earlier
publications of the same cohort (21-24). 

The study protocol was approved by the Ethics Committee of the
Hospital District of Southwest Finland and the collection and use of
archival tissue material by the National Authority for Medico-Legal
affairs. The study was conducted in accordance with the Declaration of
Helsinki.

Methods. Immunohistochemistry of the samples was evaluated by two
observers (EK and JS), blinded to all clinical data and radiological
findings. The immunohistochemical staining procedures and the
analyses of CAIX, HIF-1α, ezrin and GLUT-1 are described in detail
in our earlier publications of our group (21-24).

Statistical analysis. Statistical analyses were carried out using two
statistical software packages: IBM SPSS 18.03 for Windows (IBM,
NY, USA) and STATA/SE 11.1 software (STATA Corp., TX, USA). A
wide variety of clinical variables were first tested in factor analysis to
reduce the number of potential predictors to be used in the subsequent
multivariate models together with the four markers (Table I). Firstly,
principal component analysis (PCA) was used for the extraction of the
initial factors (SPSS). Only factors with eigen values ≥1.0 were
retained in analysis. The initial factors were then rotated. The analyses

were performed using both a varimax and a promax rotation to explore
the underlying pathogenetic relationships. By definition, the varimax
rotation generates uncorrelated factors, which might simplify the
interpretation of the factors, but may not be biologically feasible.
Therefore, we also carried out a promax rotation, which generates
correlated factors, which are biologically meaningful in the
multivariate models (25). In the next step, the extracted factors were
interpreted for their loadings of the original variables, using the
recommended cut-offs for factor loadings (coefficients) as follows:
variables with loadings ≥0.60 were considered to be heavily loaded by
a particular clinical variable, those with loadings 0.40-0.59 were
considered moderately loaded, and those with co-efficients 0.3-0.39
were modestly loaded (Tables II and III).

In PCA analysis, the scores of the rotated factors were saved
(separately after varimax and promax rotations) into the SPSS file and
used as variables factors 1-5 (F1-F5) in the multivariate models run in
STATA. To adjust for all covariates (four biomarkers and F1-F5), Cox
proportional hazards regression models were constructed separately
for promax and varimax-rotated factors 1-5, by using three different
approaches (models) for the four biomarkers. The expression of ezrin
in the preoperative biopsies and the expression of all the other markers
in the operative samples were significantly associated with disease
outcome, as reported in the original publications (21-24). For this
reason, the three models in the current analysis were: i) all four
biomarkers (CAIX, HIF-1α, GLUT-1, ezrin) analyzed in the operative
samples; ii) all marker data analyzed in the preoperative biopsy
samples; and iii) ezrin analyzed in the preoperative samples and the
others in the operative samples. All Cox proportional hazards models
were run in STATA using robust variance estimator to calculate the
95% confidence intervals (95% CI) for the hazard ratios (HR). The
validity of the proportional hazards assumption was tested graphically
using log−minus−log plots for all binary covariates (independent
variables). All statistical tests were two-sided and declared significant
at a p-value of <0.05 level.

Results

Factor analysis. To derive uncorrelated factors, we first carried
out factor analysis of all the clinical variables listed in Table I,
by extracting only the factors with an eigen value ≥1 and using
a varimax rotation. The results are shown in Table II. Five
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Table I. Clinical variables entered in the principal component analysis.

Preoperative tumor extent (T)
Postoperative T
Postoperative stage
Postoperative tumor differentiation grade (G)
Postoperative lymph node status (N)
Number of metastatic lymph nodes (LN)
Number of examined lymph nodes (LN)
Preoperative carcinoembryonic antigen (CEA)
Circumferential margin (CRM), <1 mm/≥1 mm
Vessel invasion, yes/no
Necrosis, yes/no
Vital cancer cells, yes/no
Type of operation, anterior resection/abdominoperineal resection
Operation before/after year 2005
Postoperative CEA



factors were obtained. Altogether, these five factors explained
67.7% of the total variance. The factor (F1) explaining the
greatest variance, 24.3%, was most heavily loaded by two
variables: postoperative stage (0.944) and postoperative lymph
node status (0.927). The second factor (F2) which explained
12.9% of the variance, showed the highest loading of
postoperative tumor grade (0.740) and the remaining vital
cancer tissue (0.736). The third factor (F3) explaining 11.5%
of the variance, had the highest factor loadings by the year of
therapy (2005 cut-off) (0.825) and number of lymph nodes

examined (–0.691; negative loading). F4 explained 10.2% of
the variance and was significantly loaded by preoperative
tumor extent (0.755) and a negative loading by tumor necrosis
(–0.674). The final factor (F5) explained 8.6% of the variance
and had the highest loading by the type of surgical operation
(0.870), and a negative loading (–0.648) by vascular invasion.
As evident in Table II, several additional variables showed at
least moderate or modest loadings to F1-F5, both positive and
negative. By definition, these factors were completely
uncorrelated (r=1.000 for all correlations). 
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Table II. Correlation coefficients of the original clinical variables with the 5 factors derived from extraction and varimax rotation.

Original clinical factor Varimax-rotated factor

1 2 3 4 5
(F1) (F2) (F3) (F4) (F5)

Preoperative T −0.077 0.140 0.247 0.755*** −0.137
Postoperative T 0.530** 0.558** 0.139 0.172 0.167
Postoperative G −0.026 0.740*** −0.057 −0.105 0.083
Number of LN involved (4 cut-off) −0.420** −0.519** 0.024 0.504** 0.055
Number of LN examined (12 cut-off) −0.066 0.061 −0.691*** 0.021 0.013
Postoperative LN status (N0/ vs. N1/N2) 0.927*** 0.056 −0.055 −0.084 −0.040
Postoperative stage 0.944*** 0.112 0.065 0.045 0.100
Tumor necrosis −0.213 0.091 0.432** −0.674*** −0.012
Vital cancer tissue left 0.046 0.736*** −0.332* 0.153 −0.071
CRM (1 m cut-off) −0.395* −0.558** −0.221 −0.015 −0.030
Vascular invasion −0.260 −0.217 0.054 −0.004 −0.648***
Year of diagnosis/therapy (2005 cut-off) 0.010 −0.049 0.825*** 0.075 −0.022
Type of operation −0.135 −0.107 0.011 −0.104 0.870***

Factor loadings: *0.3-0.39 modest factor loading; **0.4-0.59 moderate loading; ***>0.6 heavy loading (bold); 1with Kaiser normalization. T, tumor
extent; G, tumor differentiation grade; LN lymph nodes; CRM, circumferential margin. 

Table III. Correlation coefficients of the original clinical variables with the 5 factors derived from extraction and promax rotation.

Original clinical factor Promax-rotated factor

1 2 3 4 5
(F1) (F2) (F3) (F4) (F5)

Preoperative T −0.142 0.174 0.283 0.771*** −0.112
Postoperative T 0.403** 0.485** 0.147 0.192 0.135
Postoperative G −0.237 0.819*** −0.060 −0.082 0.068
Number of LN involved (4 cut-off) −0.325* −0.462** 0.049 0.494** 0.103
Number of LN examined (12 cut-off) −0.066 0.110 −0.693*** 0.002 0.010
Post-operative LN status (N0 vs. N1/N2) 0.999*** −0.157 −0.063 −0.093 −0.094
Postoperative stage 0.988*** −0.102 0.064 0.043 0.049
Tumor necrosis −0.258 0.124 0.403** −0.657*** −0.018
Vital cancer tissue left −0.146 0.811*** −0.326* 0.167 −0.084
Circumferential margin (1 mm cut-off) −0.262 −0.511** −0.221 −0.038 −0.002
Vascular invasion −0.193 −0.183 0.053 −0.011 −0.632***
Year of diagnosis/therapy (2005 cut-off) −0.003 −0.087 0.832*** 0.100 −0.013
Type of operation −0.155 −0.082 0.009 −0.101 0.879***

Factor loadings: *0.3-0.39 modest factor loading; **0.4-0.59 moderate loading; ***>0.6 heavy loading (bold); 1with Kaiser normalization. T, tumor
extent; G, tumor differentiation grade; LN lymph nodes; CRM, circumferential margin. 



Because uncorrelated factors may not be biologically
meaningful (25), we repeated the same analyses using the
promax rotation, as shown in Table III. The same five factors
with identical variances were obtained, and the loadings of the
individual variables on the factors differed only slightly from
those generated by the varimax rotation, the correlation
coefficients being invariably somewhat higher with the promax
rotation. Of these promax-rotated factors, F1 and F2 were
significantly (p=0.0001) correlated (r=0.451), while the others
were not (r ranged from –0.005 to 0.1, p>0.05). 

A second-order factor analysis of the factors derived using
the promax rotation was carried out. Two factors explaining
51.2% of the variance were derived. Out of these second-order
factors, factor 1 was heavily loaded by the first-order F1
(0.850), and F2 (0.828), whereas the second-order factor 2 had
the highest loading by first-order F4 (0.767), and a negative

loading by first-order F3 (−0.696). These two second-order
factors had modest to high (positive or negative) loadings by
most of the original clinical variables (data not shown). The
two second-order factors were no longer correlated to each
other anymore (r=−0.31, p=0.791). 

Multivariate Cox analysis. The results of multivariate Cox
survival analysis for DFS and DSS are shown in Tables IV and
V, separately for the three models and using only promax-
rotated factors. In model 1 (biomarkers in operative samples),
F1 is the only independent determinant of DFS (p=0.043) and
also DSS (p=0.029). In model 2 (markers in preoperative
biopsies), none of the five factors or biomarkers were
significantly associated with DFS. However, HIF-1α
(p=0.024), ezrin (p=0.034), F1 (p=0.011), and F3 (p=0.001)
were significant independent predictors of DSS. Similarly, in
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Table IV. Predictors of disease-free survival (DFS) in multivariate (Cox)
survival analysis.

Covariate Hazard Significance 95% Confidence 
ratio interval

Model 1:
CAIX 1.20 0.80 0.27-5.26
HIF-1α 0.83 0.78 0.22-3.11
GLUT-1 0.87 0.83 0.24-3.09
Ezrin 0.97 0.96 0.23-4.00
Factor 1 1.81 0.04 1.02-3.20
Factor 2 1.05 0.78 0.73-1.53
Factor 3 1.25 0.51 0.64-2.45
Factor 4 1.25 0.42 0.72-2.16
Factor 5 0.93 0.81 0.50-1.73

Model 2:
CAIX 1.18 0.80 0.33-4.19
HIF-1α 3.42 0.27 0.39-30.29
GLUT-1 2.47 0.45 0.23-26.51
Ezrin 0.62 0.41 0.20-1.91
Factor 1) 1.51 0.36 0.62-3.68
Factor 2 0.81 0.54 0.41-1.60
Factor 3 1.85 0.35 0.51-6.66
Factor 4 1.40 0.41 0.63-3.10
Factor 5 0.46 0.23 0.13-1.63

Model 3:
CAIX 1.57 0.63 0.26-9.52
HIF-1α 0.37 0.45 0.03-4.75
GLUT-1 0.99 0.99 0.58-16.71
Ezrin 0.67 0.77 0.44-10.19
Factor 1 1.22 0.51 0.68-2.20
Factor 2 1.04 0.86 0.69-1.55
Factor 3 1.81 0.20 0.74-4.45
Factor 4 1.68 0.44 0.46-6.15
Factor 5 0.53 0.32 0.16-1.82

Model 1: All biomarkers analyzed in operative samples; Model 2:
biomarkers analyzed in pre-operative biopsies; Model 3: ezrin in
preoperative, all others in operative specimens; all 5 factors were
generated by promax rotation (i.e. correlated factors).

Table V. Predictors of disease-specific survival (DSS) in multivariate
(Cox) survival analysis. 

Covariate Hazard Significance 95% Confidence 
ratio interval

Model 1
CAIX 3.56 0.15 0.63-20.1
HIF-1α 0.36 0.32 0.96-2.16
Ezrin 0.91 0.91 0.17-4.76
GLUT-1 0.54 0.51 0.83-3.46
Factor 1 2.23 0.029 1.08-4.59
Factor 2 1.09 0.67 0.73-1.63
Factor 3 1.72 0.11 0.88-3.35
Factor 4 0.81 0.41 0.49-1.33
Factor 5 0.69 0.36 0.31-1.4

Model 2
CAIX 3.25 0.08 0.86-12.30
HIF-1α 4287.04 0.024 3.051-6022850
Ezrin 4051.83 0.034 1.88-8729454
GLUT-1 0.45 0.43 0.061-3.29
Factor 1 13.63 0.011 1.80-103
Factor 2 0.75 0.62 0.24-2.36
Factor 3 8.89 0.001 2.39-33,08
Factor 4 0.0027 0.064 0.00000054-1.41
Factor 5 0.48 0.62 0.028-8.47

Model 3
CAIX 5.37 0.028 1.19-24.13
HIF-1α 0.36 0.58 0.010-24.13
Ezrin 8.23 0.17 0.41-166.61
GLUT-1 0.28 0.45 0.011-7.35
Factor 1 2.15 0.017 1.15-4.01
Factor 2 1.44 0.063 0.98-2.10
Factor 3 2.08 0.13 0.81-5.33
Factor 4 0.21 0.055 0.043-1.03
Factor 5 0.55 0.16 0.24-1.27

Model 1: All biomarkers analyzed in operative samples; Model 2:
biomarkers analyzed in preoperative biopsies; Model 3: ezrin in
preoperative, all others in operative specimens; all 5 factors were
generated by promax rotation (i.e. correlated factors).



model 3 (ezrin in preoperative biopsies and other markers in
operative samples), none of the factors or biomarkers were
significant predictors of DFS. However, CAIX (p=0.028), and
F1 (p=0.017) were significantly associated with DSS.

Discussion

In the current study we analyzed four hypoxia-related
biomarkers: CAIX, HIF-1α, ezrin and GLUT-1 in a cohort
of 178 rectal cancer patients treated by preoperative RT or
chemoradio-therapy. CAIX intensity was the only
independent predictor of DSS (21). In the long-course RT
group, negative HIF-1α and negative/weak ezrin expression
were associated with favorable DSS (22). Negative/weak
ezrin expression in the biopsy was also linked to longer DSS
as compared with moderate/strong expression (23). Likewise,
a trend for longer DFS in favor of negative/weak GLUT-1
staining was observed among patients in the long-course RT
group (24). 
HIF-1α, CAIX, ezrin and GLUT-1 are, however, biologically
interrelated. CAIX and GLUT-1 are downstream targets of
HIF-1α (14, 15, 26). Activation of receptor tyrosine kinases
including protein kinase B (AKT), increases mTOR activity
(16, 17), which in turn induces HIF-1α (16, 28, 29).
Rapamycin, a protein kinase that inhibits mTOR activity, is
found to regulate HIF-1α in hypoxia (30). Thus, mTOR is a
key regulator of HIF-1α protein synthesis in many cancers
(16). Ezrin-related metastatic behavior is shown to be linked to
the mTOR pathway (19). When the mTOR pathway is blocked
by rapamycin, experimental lung metastasis is inhibited in vivo
(19). Thereby, the regulation of mTOR, HIF-1α, CAIX and
GLUT-1 are interrelated and univariate analysis of the
individual markers is of limited power to disclose these
interrelations. 

In addition to analyzing individual biomarkers separately,
other approaches are needed to explore their interactions and
particularly their role as independent predictors of disease
outcome together with the classical prognostic factors. The
latter include: postoperative tumor stage, tumor size and
differentiation, lymphovascular invasion, positive
circumferential margin, examination of less than 12 lymph
nodes, and type of operation (1, 2, 31-33). In the current
cohort, several other clinicopathological variables (e.g. number
of metastatic lymph nodes, and disease recurrence) were also
recorded and originally analyzed as potential predictors of
disease outcome (21, 24). Together with the four biomarkers,
however, the number of all these covariates is too large to rend
direct multivariate modeling feasible. A useful option is to
attempt data reduction using PCA to generate a set of factors
that explain as much as possible of the variance by the original
covariates (=clinicopathological variables). This set of factors
(i.e. their saved scores) can then be directly used in multivariate
modeling together with the four markers of interest.

PCA was used in the present study to elucidate the role of
these four biomarkers as independent predictors of disease
outcome in rectal cancer. The five factors generated by PCA
explained almost 70% of the total variance of the original
variables subjected to extraction. These five factors also located
in the steep slope of the plot, and the rest of the factors located
on the shallow slope did not contribute much to the solution.
The extracted factors were subjected to varimax and promax
rotation to generate uncorrelated and correlated factors,
respectively. Although the generation of these five factors by
PCA was relatively straightforward, the complexity of the
interplay between the original clinicopathological variables is
well illustrated by the fact that all these five factors were
heavily loaded by more than one original variable. For this
reason, these five factors were not given any specific names in
order to avoid confusion with the original variables. 

By definition, varimax-rotated factors showed no correlation
(r=0.000, p=1.000), while promax-rotated factors should be
correlated. In our case, this linear correlation (Pearson r) was
observed only between F1 and F2 (r=0.451, p=0.0001),
implicating a close interrelationship between the original
variables loaded into these two first-order factors. In all
subsequent analyses, only the five promax-rotated factors were
used in order to be able to exploit their complex biological
interrelationships. In further analysis, we also generated
second-order factors by performing promax rotation for the
promax-rotated first-order factors F1-5 (data not shown). Using
the same eigen value cut-off (≥1), two second-order factors
were generated, showing heavy loadings by the first-order
factors F1, F2, F4 and F3, but much less by F5. Not
unexpectedly, the two second-order factors were no longer
linearly correlated (r=−0.31, p=0.791), reflecting the fact that
out of the first-order factors F1-5, only F1 and F2 were
significantly correlated. 

In multivariate Cox analysis, on the operative samples, F1
was the only independent predictor of DFS and DSS. On the
preoperative biopsies, no factor or biomarker predicted DFS,
whereas F1 and F3 as well as HIF-1α and ezrin were
significantly linked with DSS. When ezrin in the preoperative
biopsies and the other biomarkers in the operative samples
were analyzed, none of the factors or biomarkers were
significantly associated with DFS. However, CAIX and F1
predicted DSS. Deviating results in Cox analyses for the three
models would most feasibly be explained by given preoperative
treatment. RT may shrink the tumor (34), delivering complete
remission in 0-29% of tumors (35-37). Decreased tumor size
may alleviate hypoxia and thereby alter the expression of
hypoxia-associated biomarkers. RT can also affect the tumor
microenvironment (38) or cause direct damage in DNA
replication (39). To circumvent this problem, preoperative
biopsies as well as tissue samples from patients who had not
received preoperative RT were used as controls. However, pre-
treatment biopsies may represent only a small portion of the
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tumor, not enabling the determination of the differentiation
grade. Furthermore, preoperative tumor assessment may only
be directional due to the limitations of imaging methods (40).
Postoperative tumor staging can in turn be affected by RT,
which may also influence the results. It would have been
advisable to analyze separately the operative samples from the
control group of patients (who had not received any treatment
prior to surgery). However, the control group was too small to
be analyzed alone, and thereby we had to settle for analyzing
the pre-RT biopsies. 

In the original studies, we were unable to find any
significant correlations between the biomarkers and common
clinicopathological factors, which may partly be due to the
impact of RT. Postoperative tumor stage is known to be the
most important clinical prognostic factor of disease outcome
(2, 41). In the current PCA analyses, F1 was most heavily
loaded by postoperative stage and lymph node status. Thus, it
is not unexpected that F1 was singled out as the only
significant prognosticator of disease outcome in all three
models. F3, most heavily loaded by the number of examined
lymph nodes and the year of therapy was significantly
associated with DSS only when analyzed in the preoperative
biopsies. In our institution, a multidisciplinary team has been
active since 2005, in parallel with the introduction of a
structured pathology report, bringing about improved quality
control and feedback to the radiologists, surgeons, pathologists
and oncologists. In fact, at least twelve lymph nodes were
examined in 69% of the patients after and including year 2005,
whereas this was the case in only 31% operated on before 2005
(unpublished data). The retrieval of lymph nodes after long-
course RT may be complex, especially after excellent tumor
response (42). Not unexpectedly, the number of examined
lymph nodes and the year of therapy seem to be clearly
interconnected in this study, reflecting the importance of the
acuity in lymph node retrieval. 

The present study showed that HIF-1α and ezrin as well as
CAIX, but not GLUT-1, significantly predicted DSS in
multivariate Cox models, adjusted for the first-order factors 1-
5. This is in line with the original studies analyzing each of
these markers separately, showing strong expression of these
biomarkers to be associated with adverse disease outcome (21-
24). The current data implicate their predictive value should not
be confounded with the classical prognosticators. Further
analyses are ongoing in order to examine the interactions
between HIF-1α, CAIX, ezrin and GLUT-1 in full factorial
models. It remains to be seen whether any panels can be
established and be proven useful as independent predictors of
disease outcome. 

Taken together, factor analysis using PCA of a multitude
of clinicopathological prognosticators generated five first-
order factors which proved to be variably loaded by most of
the original variables. F1 was the only significant predictor
of DFS and DSS in model 1. In model 2, HIF-1α, ezrin, F1

and F3 were significantly associated with DSS. In model 3,
DSS was significantly predicted by CAIX and F1.
Preoperative RT appears to markedly modify the expression
of the studied biomarkers and also interfere with the original
clinicopathological prognosticators, emphasizing the
complexity of prognostication in rectal cancer. 
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