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Tailoring treatment of rectal adenocarcinoma:
immunohistochemistry for predictive biomarkers

Payal Kapur

Over the past couple of decades, multimodality treatment
for the management of resectable rectal cancer has
substantially improved the outcome of affected patients.
However, the broad and unpredictable response to tumor
of patients with rectal cancer treated with preoperative
chemoradiotherapeutic interventions shows that our
understanding of the molecular events leading to
radioresistance in patients affected with this malignancy
remains sparse. Multiple attempts by individual molecular
markers in gene array and tissue microarray studies
have emerged with the goal of identifying predictors

of a response to chemoradiation in patients with rectal
cancer. In this report, we discuss the status of the
markers currently available in an attempt to tailor

Introduction

Over the past two decades, neoadjuvant combined radia-
tion therapy with or without sensitizing chemotherapy has
been increasingly used together with surgery in the primary
management of patients with rectal adenocarcinoma. The
CAO/ARO/AIO-94 trial has established neoadjuvant che-
moradiotherapy (CRT) followed by total mesorectal exci-
sion as the treatment of choice for stage II-I1I rectal cancer
[1]. In this study, although no survival benefit was reported
with preoperative compared with postoperative CRT, the
preferred modality was preoperative CRT for patients with
locally advanced rectal cancer, because of the superior
overall compliance rate of preoperative CRT, superior rate
of local control, reduced toxicity, and higher rate of
sphincter preservation in patients with low-lying tumors.
Approximately 40-60% of these patients with neoadjuvant
CRT achieve some degree of pathological downstaging, but
only 10% of these patients had pathologically complete
response (pCR) [2]. Despite these recent advances in
multimodality treatment, the overall rates of tumor recur-
rence, morbidity, and mortality remain high. Furthermore,
individual rectal tumors show a wide range of radiosensi-
tivity, and there is no currently established robust predictor
of response to neoadjuvant CRT [3]. Prediction of response
to CRT is particularly important because CRT is accom-
panied by significant side effects and cost. There is evid-
ence to suggest that differences in intrinsic radiosensitivity
exist and understanding their biological bases could help
develop practical predictive assays and novel treatment
strategies. Prospective identification of patients with a high
likelihood of response to CRT is of interest for multiple
reasons. Hirst, it would significantly reduce morbidities
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associated with CRT as unnecessary toxic therapy need not
be given to patients with intrinsically radioresistant tumors.
Second, alternative adjuvant treatment modalities could be
pursued early in the course of disease in the patients with
intrinsically radioresistant tumors. Third, molecular char-
acteristics of tumor could be used as potential targets of
novel drug interventions. Fourth, patients with pCR who
may not need surgical intervention after CRT can be
identified and, finally, it would reduce health costs by
limiting unnecessary treatment. Moreover, CRT is a com-
mon denominator in numerous cancer therapies, which may
benefit from similar bioassays. Personalized medicine holds
the promise that diagnosis, prevention, and treatment will
be based on individual assessment of risk [4]. A successful
radiosensitivity biomarker panel is essential to the devel-
opment of biologically guided personalized radiation onco-
logy treatment.

The rationale for radiotherapy is based on the finding that
radiation inhibits cell proliferation, induces apoptotic cell
death, and inhibits tumor growth [5]. In solid tumors,
radiation induces two different modes of cell death
termed mitotic or clonogenic cell death and apoptosis [6].
Among various mechanisms of action exerted by ionizing
radiation, it creates a class of DNA lesions called DNA
double-stranded breaks, either directly or by production
of free radicals. Although some of these lesions might be
repaired by intact DNA repair mechanisms, misrepaired
lesions can lead to mutations deleterious to the cell.
Subsequent cell death may occur after a number of cell
cycles, probably from failure to repair DNA damage.
Apoptosis after radiation appears to be significant in
embryonal and hematopoictic cells. The most common
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chemotherapeutic drug used in neoadjuvant therapy in
rectal cancer is 5-fluorouracil (5-FU). 5-FU, a pyrimidine
antagonist, is similar in structure to uracil and thymine. It
functions to inhibit DNA synthesis both by blocking the
formation of normal pyrimidine nucleotides through
enzyme inhibition and by interfering with DNA synthesis
after incorporation into a growing DNA molecule. 5-FU also
interferes with the production of RNA. With this under-
standing of the mechanism of radiation and chemotherapy-
induced cell death, it is not surprising that most researchers
have focused their investigations on molecules that regu-
late the cell cycle and apoptosis as putative markers to
explore chemoradioresistance. The main goal of this study
is to review predictors of the histological response to neo-
adjuvant CRT for rectal cancer.

Genomic and proteomic studies

The value of gene expression profiling based on micro-
array technologies for the prediction of drug response has
been tested in several model systems. The results from
these studies show some promise that, for some tumors
and drugs, pretherapeutic gene expression profiles might
predict treatment response. Ghadimi ez @/ [7] compared
gene expression differences between CRT responders
and nonresponders from pretreatment rectal tumor bio-
psies from 30 patients. On the basis of T-level down-
sizing, 54 genes that were most significantly differentially
expressed were identified. Some of these genes are
associated with DNA damage repair pathways (SMC1)
and microtubule organization (calmin, Cdc42BPA, filamin
B, villin, kinectin 1). They generated an algorithm that
allowed tumor behavior to be predicted with 78% sen-
sitivity and 86% specificity. Watanabe er «/. [8] identified
33 novel discriminating genes from 52 patients using the
human U95AvZ gene chip. Using this gene set they
established a model to predict CRT response with an
accuracy of 82.4%. The discriminating genes included
apoptosis regulators (lumican, thrombospondin 2, galec-
ton 1, cyclophilin 40, and glutathione peroxidase). Kim
et al. [9] similarly used top-ranked 95 differentially expre-
ssed genes to predict CRT response with 88.6% accuracy.
The predictor genes in this study included thymidylate
synthetase, RAD23B, RAP1A, LMNB2, MLF2, DDX1,
EIF4A1, FOXO03A, and ILF3. Eschrich ez @/ [10] built
a rank-based linear regression algorithm to predict radio-
sensitivity. They validated this model in multiple cohorts
of patients totaling 118 patients with a positive predictive
value of 86%. These reports have indicated that the
majority of the genes related to chemoradiosensitivity is
associated with apoptosis, DNA repair, growth factor,
signal transduction, cell cycle, adhesion, invasion, metas-
tasis, angiogenesis, and hypoxia. It is interesting that
many of the predictor genes are different in each study
with a limited overlap. These apparent discrepancies
may reflect differences in therapeutic regimens, cancer
types, and/or methods of analyses. Extending this

Predictive markers in rectal cancer therapy Kapur 363

genomic-based approach to proteomics, Allal ez a/. [11]
used two-dimensional polyacrylamide gel electrophoresis
to correlate protein patterns from 17 patients with and
without radioresistance. Of the 56 landmark proteins,
those of particular interest included tropomodulin, heat
shock protein, B-tubulin, annexin, calsenilin, keratin type
1, Notch 2 protein homolog, and DNA repair protein
RADS1L3. Smith ez a/ [12] identified a cohort of 14
protein peaks that differentiated good and poor respon-
ders to neoadjuvant therapy with 87.5% sensitivity and
80% specificity by using low molecular weight proteome
analysis. It should be noted that all genome-wide and
proteome-wide studies performed on fresh/frozen tumor
samples are limited by the use of whole tissue samples
that include, in addition to tumor cells, non-neoplastic
elements such as stroma, blood vessels, inflammatory
cells, and potential foci of necrotic tissue. These could
introduce errors in the final results and could be one
explanation of the lack of agreement noted among various
such studies.

Tissue microarray studies

The availability of simple, financially feasible, and high-
throughput technology such as tissue microarray (TMA)-
based immunohistochemistry (IHC) provides an oppor-
tunity to develop such a panel of biomarkers. To this end
we evaluated the differential expression of molecular
markers in TMA constructs from archived stage II/II1
rectal tumors and matching adjacent mucosa (7= 38)
from patients treated with preoperative CRT [13]. ITHC
was carried out for Ki-67, cyclin E, p21, p27, p53, survivin,
Bcl-2, and BAX (Figs 1 and 2). Immunoreactivity for Ki-
67, p53, Bcl-2, and BAX was associated with a pathological
response (all P values < 0.001). Forward stepwise logistic
regression analysis showed that MIB-1 was an indepen-
dent predictor of a response to CRT (P=0.001). A
similar study was conducted by Debucquoy ¢z 4/ [14] on
TMA constructed from 99 patients and evaluated for
epidermal growth factor receptor, carbonic anhydrase IX,
Ki-67, vascular endothelial growth factor, cyclooxygenase
2, and cleaved cytokeratin 18. In patients with good
tumor regression, they found a lower expression of Ki-67
and cleaved cytokeratin 18 (P = 0.0007) in the resection
specimens. They did a hierarchical cluster analysis on
nonresponders and good responders, but found no signi-
ficant difference in the patterns of expression associated
with response to CRT. Intrinsic apoptosis (i.e. apoptosis
in preirradiated tissue) was shown to be a marker of
reduced local recurrence in 1198 patients for the Dutch
Total Mesorectal Excision Trial in which the tissue was
subjected to terminal deoxynucleotidyl transferase dUTP
nick end labeling in TMA samples [15].

In the last decade, numerous studies have shown
a plethora of differentially expressed genes and proteins;
however, determination of just a handful of differentially
expressed proteins might be sufficient for the purpose
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Fig. 1
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Representative photomicrographs of rectal adenocarcinomas on tissue microarray. The photomicrographs on the left panel represent
immunoreactivity for apoptotic markers from cases with good response to chemoradiotherapy and the right panel includes representative
immunoreactivity from cases with poor response. Magnification, x 200.
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Fig. 2

Good responders Poor responders

Representative photomicrographs of rectal adenocarcinomas on tissue microarray. The photomicrographs on the left panel represent
immunoreactivity for cell-cycle markers from cases with good response to chemoradiotherapy and the right panel includes representative
immunoreactivity from cases with poor response. Magnification, x 200.




366 Anti-Cancer Drugs 2011, Vol 22 No 4

of routinely predicting chemoradioresistance in rectal
cancer. More than 40 different biomarkers have been
explored in the literature with conflicting results in pre-
dicting the outcome of CRT [2]. Some of the more pro-
mising markers are discussed below.

Specific markers for a response to
chemoradiotherapy

Cell cycle regulators

One of the most extensively studied markers is the tumor
suppressor, p53. It plays a vital role in the regulation of
the cell cycle and is important for genetic stability, cell
proliferation, apoptosis, and inhibition of angiogenesis
[16]. A defect in p53 leads to loss of p53-dependent
apoptosis and gives a proliferation advantage. It has been
shown that conformational changes of the p53 protein
resulting from mutations lead to protein stability and a
longer half-life [17,18]. This allows for increased detec-
tion by the antibodies and thus p53 immunoreactivity
by THC signifies a mutated status of the protein [19].
Bertolini ez a/. [20] (2 =91) and Chang et a/. [21] (n=
130) studied a large number of rectal cancers and showed
no correlation between p53 expression and treatment

Fig. 3

outcome. However, similar to our findings, Luna-Perez
et al. [22] (n = 26), Spitz et al. [23] (n =42) and Esposito
et al. [24] (n = 38) showed a positive correlation between
the expression of p53 and poor response. However,
stepwise logistic regression analysis in our study failed
to identify p53 as an independent predictor of response
to CRT [13]. In contrast, Lin ¢z @/ [25] (z = 70) showed
that p53 staining predicted a good response to CRT. Wild-
type p53 protein induces the expression of p21, a product
of the WAF1/CIP1 gene. P21 and p27 are cyclin-depen-
dent kinase inhibitors that inhibit cells from entering the
G1 to S phase (Fig. 3). Wild-type p21 suppresses apopto-
sis in the presence of DNA damage caused by CRT. In-
vitro studies suggest that mutated p21 serves to sensitize
human colorectal cancer cells to CRT [26,27]. Charara
et al. [28] (n=57) and Rau ez a/. [29] (2 = 66) found p21
expression to be associated with good/complete response.
In contrast, Reerink ez @/ [30] (#2 =34) showed higher
p21 expression to be associated with worse survival,
whereas Bertolini ¢z a/. [20] (#=91) found no correla-
tion with pathological response but showed decreased
disease-free survival with high p21 expression. In our
cohort, although low expression of p21 was seen more
often in good responders, it did not reach statistical
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significance [13]. Similarly, Lin ez 4/ [25] (» = 70) report-
ed that p27-positive and p53-negative tumors showed a
fair response to CRT.

Proliferative markers and mitotic index

Ki-67 and proliferating cell nuclear antigen have been
used to assess proliferation. Kim ez &/ [31] (» = 23) found
that good responders have a higher Ki-67 index, where-
as Jakob ez al. [32] (n=22) showed the opposite result.
Many studies have not found any association. In our
cohort, the Ki-67 index was significantly higher in post-
therapy specimens of nonresponders. Furthermore, Ki-67
was an independent predictor of a response to CRT [13].
Willett ez /. [33] (2 =90) reported high proliferating cell
nuclear antigen levels to be associated with greater
chance of downstaging after CRT. Other reports have
found no apparent correlation between these markers and
response to CRT [34,35].

Apoptotic markers

Apoptosis is an important mechanism by which CRT
mediates its response. It is hypothesized that tumors
with intact apoptotic mechanisms may be more prone to
undergo cell death with CRT. Defects in apoptosis are
known mechanisms that render rectal cancers radio-
resistant [15]. The BAX and Bcl-2 proteins have been
investigated extensively. BAX is a proapoptotic counter-
part of Bcl-2, which inhibits cellular apoptosis. Loss of the
BAX function has been linked with resistance to chemo-
therapeutic agents in colorectal cancer. Chang er a/. [21]
(=130) found that tumors with pCR showed signifi-
cantly higher BAX positivity when compared with partial
responders. Bcl-2 overexpression has been linked with
resistance to many chemotherapeutic agents and has
been shown to protect cells from radiation-induced apop-
tosis [36,37]. Kudrimoti ez a/. [38] (2 = 17) showed 60% of
tumors with cPR to express Bcl-2 compared with 16% of
partial responders. However, other investigators have not
been able to confirm these findings. Survivin is another
antiapoptotic molecule that inhibits members of the
caspase family of enzymes. It is a member of the inhi-
bitors of apoptosis (IAP) family that also includes X-
linked inhibitor of apoptosis (XIAP). Sarela er @/ [39]
(7 =49) showed a correlation between survivin expres-
sion and decreased survival. Expression of survivin is
regulated in part by SMAC (second mitochondria-derived
activator of caspase)/DIABMO (direct inhibitor of
apoptosis-binding protein with low isoelectric point), a
mitochondrial protein. Its mimics (SMAC-mimetics) are
potential therapeutic agents. Our group has shown that
JP-1201 (SMAC-mimetic) radiosensitized HT-29 color-
ectal cancer cells by inducing apoptosis and reducing the
levels of XIAP [40]. In addition, HT-29 xenografts, when
treated with JP-1201 and radiotherapy, shows decreased
tumor growth compared with those treated with radio-
therapy or JP-1201 alone. Similar in-vitro and in-vivo
preliminary results from our group have shown very
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encouraging results. One of these studies involved
colorectal cancer SW480 cells derived from primary resec-
tion for a stage II tumor and colorectal cancer SW620 cells
derived from the same patient from a lymph node
metastasis. Compared with SW480 cells, SW620 cell have
low levels of SMAC/DIABMO and high levels of natural
killer kB, survivin, and XIAP [41]. Consistent with this
data, we observed that SW620 cells are more resistant to
radiotherapy-induced apoptosis and cell death [42].

Angiogenesis and hypoxia

Angiogenesis is crucial for tumor growth and survival.
Therefore, vascular endothelial growth factor (VEGF) is
a subject of investigation in cancer biology. Zlobec ez 4.
[43] (#=359) found low levels of VEGF to correlate with
radioresponsiveness in rectal cancer. Targeted therapy
using VEGF inhibitors (bevacizumab) have shown an
encouraging response [44]. It has also been established
that oxygen is vital in the response of cells to the DNA-
damaging effects of radiotherapy. Tumors with poor oxy-
genenation are generally found to be more radioresistent.
Dietz er al. [45] showed that rectal tumors that did not
downstage with the CRT had higher levels of hypoxia.
It is believed that hypoxia prevents the degradation of
hypoxia-inducible factor-1ae (HIF-1o). HIF-1a0 in turn
regulates a number of processes including angiogenesis
(through VEGF) and cell growth [46]. Toiyama ez a/. [47]
(7 = 40) showed that rectal tumors with elevated HIF-1a
expression had decreased chances of tumor regression
after CRT.

Other biomarkers

Cyclooxygenase 2 is an enzyme that catalyzes the
conversion of arachidonic acid to prostaglandins. Tumor
cells can use these compounds as survival factors and they
are important mediators of tumor invasiveness and
metastatic potential. Smith ¢ «/. [48] found patients
with cyclooxygenase 2 overexpression to more likely show
moderate-to-poor response to CRT (P = 0.026).

Mismatch repair proteins have also been investigated to
predict response to treatment. Microsatellite instability
reflects a defect in DNA mismatch repair pathway.
Tumors with microsatellite instability have been found
to have a better prognosis. However, the two studies that
assessed THC overexpression of mismatch repair proteins
did not find these to predict response to CRT [28,29].
Recently, single-nucleotide polymorphism in the XRCC1
gene was shown to be predictive of the CRT therapy
response (P =0.039; »=81) [49].

Epidermal growth factor receptor (EGFR) is involved in
numerous cellular events including cell proliferation,
apoptosis, and differentiation. As EGFR antibodies have
shown efficacy in the treatment of metastatic colorectal
cancer, many investigators have examined the association
of EGFR expression and response to therapy. In-vitro
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studies have found EGFR overexpression to be associated
with CRT resistance. Giralt ez a/. [50] (2 =87) found a
significantly higher number of EGFR-negative patients to
achieve pCR compared with EGFR-positive patients.
Using multivariate analysis, Kim ez @/ [51] (#=183)
found that low EGFR expression significantly predicted
increased tumor downstaging with therapy. Spindler e# /.
[52] (»=60) found that tumors with replacement of G
by a T nucleotide at position 216 of the EGFR promoter
(GT or TT genotypes) resulted in improved response
compared with tumors with GG genotype.

Independent of these results, cetuximab therapy has not
been found to be a recommended strategy in the
neoadjuvant setting [53].

Another target, thymidylate synthetase (T'S) has been
studied widely. T'S is critical in DNA synthesis and is a
target of 5-FU. Okonkwo e a/. [54] (z = 25) and Saw ez a/.
[55] (# = 58) found the lack of TS expression to correlate
with tumor downstaging after CRT. However, Negri ¢z @/.
[56] (# = 57) reported more complete response with high
TS expression, whereas Bertolini ez @/. [20] (z = 125) did
not find any correlation.

Recently, intensified preoperative chemotherapy regimens
have been evaluated for increasing the rate of downstaging
or downsizing. The chemotherapeutic armamentarium
used in the treatment of colorectal adenocarcinoma has
increased from one option, that is, 5-FU to five with the
recent availability of irinotecan, oxaliplatin, cetuximab, and
bevacizimab. Recent studies are focused on identifying
profiles and biomarkers to predict treatment efficacy of
these drugs. Irinotecan is a synthetic derivative of campt-
hotecin and is a topoisomerase I inhibitor. Horisberger ez 4.
[57] (#=238) recently showed a significantly higher
expression of topoisomerase I using real-time PCR in
pretreated tumors of patients receiving neoadjuvant CRT
with irinotecan and capecitabine among responders com-
pared with nonresponding patients (P = 0.015). Oxaliplatin
is a platinum compound thought to inhibit DNA synthesis.
Negri er al. [56] (#=57) found THC expression of T'S in
pretreatment biopsy to be the only marker among a variety
of biomarkers evaluated to have a potential to predict
response to preoperative oxaliptatin-based RCT. Cetux-
imab is a monoclonal antibody directed against EGFR.
Debucquoy ¢z al. [58] (2 = 41) showed that cetuximab has a
significant impact on the expression of genes involved in
tumor proliferation and inflammation. Tumor downstaging
was associated with upregulated TGF-o and downregulated
Ki-67 expression after a cetuximab-loading dose. However,
proteomic and microarray analysis did not predict a
pathological response. Duda ¢z /. [59] have found pretreat-
ment plasma soluble VEGF receptor-1 (sVEGFR-1), an
endogenous inhibitor of VEGE to be associated with tumor
regression after neoadjuvant bevacizumab (VEGF inhibitor)
and CRT

Conclusion

In summary, a large number of biomarkers have been
studied to date. The data, although promising but often
contradictory, have not resulted in the establishment of
individual biomarkers or a panel of biomarkers that could
help identify the radiosensitivity of rectal cancers. There
may be multiple reasons for this. First, the evaluation of
response of primary tumor to CRT is problematic and not
standardized. This is reflected in the numerous different
evaluation parameters that have been used in the literature.
The most commonly used is downsizing defined as reduc-
tion of tumor stage by at least one T level assessed either
by rectal ultrasound, magnetic resonance imaging, or
histopathology [60]. The accuracy of this technique may
be limited by the imaging modalities used and the inter-
pretive inaccuracies. The second commonly used method is
histopathological tumor regression and various semiquanti-
tative approaches have been used [61]. In addition , rectal
cancer, unlike colonic carcinoma, is treated with both
chemotherapy and radiotherapy, which brings in more
variables that may regulate response to therapy. There are
variations in the assessment of these markers that are
intrinsic to IHC evaluation parameters, methodology, eva-
luation of pretherapy versus posttherapy tumor, and
different treatment protocols. Finally, it is possible that
the missing link in radioresistance remains unidentified. An
ideal molecule that would predict with certainty which
group of patients will experience a particular response to
CRT. Alternatively, gene array analysis could identify a
particular pathway that moves in the expected direction in
terms of the response to CRTs, our understanding of tumor
biology grows and with the advent of more sophisticated
high-throughput techniques, basic science studies will get
translated to clinical tests. Ideally, pretherapy predictive
marker evaluation of an individual tumor combined with
individualized therapy would help significantly in reducing
morbidity and mortality in the era of personalized
medicine.
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