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Molecular Targeted Treatment and Radiation Therapy 
for Rectal Cancer
Friederike Marquardt, Franz Rödel, Gianni Capalbo, Christian Weiss, Claus Rödel1

Background: EGFR (epidermal growth factor receptor) and VEGF (vascular endothelial growth factor) inhibitors confer clinical 
benefit in metastatic colorectal cancer when combined with chemotherapy. An emerging strategy to improve outcomes in rectal 
cancer is to integrate biologically active, targeted agents as triple therapy into chemoradiation protocols.
Material and Methods: Cetuximab and bevacizumab have now been incorporated into phase I–II studies of preoperative 
chemoradiation therapy (CRT) for rectal cancer. The rationale of these combinations, early efficacy and toxicity data, and possible 
molecular predictors for tumor response are reviewed. Computerized bibliographic searches of Pubmed were supplemented with 
hand searches of reference lists and abstracts of ASCO and ASTRO meetings.
Results: The combination of cetuximab and CRT can be safely applied without dose compromises of the respective treatment 
components. Disappointingly low rates of pathologic complete remission have been noted in several phase II studies. The K-ras 
mutation status and the gene copy number of EGFR may predict tumor response. The toxicity pattern (radiation-induced enteritis, 
perforations) and surgical complications (wound healing, fistula, bleeding) observed in at least some of the clinical studies with 
bevacizumab and CRT warrant further investigations.
Conclusion: Longer follow-up (and, finally, randomized trials) is needed to draw any firm conclusions with respect to local and 
distant failure rates, and toxicity associated with these novel treatment approaches.
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Molekular-zielgerichtete Therapie und Bestrahlung zur Behandlung des Rektumkarzinoms

Hintergrund: EGFR- (epidermaler Wachstumsfaktor-Rezeptor) und VEGF-Inhibitoren (vaskulärer endothelialer Wachstumsfaktor) 
zeigen beim metastasierten kolorektalen Karzinom in Kombination mit Chemotherapie einen klinischen Vorteil. Diese biologisch 
aktiven, zielgerichteten Substanzen werden als Dreifachtherapie zunehmend auch bei der Radiochemotherapie des Rektumkarzi-
noms eingesetzt.
Material und Methodik: Cetuximab und Bevacizumab sind in Phase-I–II-Studien zur präoperativen Radiochemotherapie des 
Rektumkarzinoms getestet worden. Die Rationale für diese Kombination, erste Wirksamkeits- und Toxizitätsdaten sowie mögliche 
molekulare Responsemarker werden dargestellt. Dazu diente eine Suchabfrage in Pubmed, in Referenzlisten publizierter Arbeiten 
sowie Abstracts von ASCO- und ASTRO-Konferenzen.
Ergebnisse: Cetuximab und Radiochemotherapie können ohne Dosiskompromisse sicher miteinander kombiniert werden. Zahl-
reiche Phase-II-Studien ergaben allerdings enttäuschende Raten an pathologisch bestätigten kompletten Remissionen. Der 
K-ras-Mutationsstatus und die Anzahl an Genkopien des EGFR scheinen die Tumorantwort zu prädizieren. Das bei Kombination von 
Bevacizumab mit einer Radiochemotherapie beobachtete Toxizitätsspektrum (Enteritis, Perforationen) sowie die postoperativen 
Komplikationen (Wundheilungsstörungen, Fistelbildung, Blutungen) erfordern weitere Untersuchungen.
Schlussfolgerung: Längere Nachbeobachtungszeiten (und schließlich randomisierte Studien) sind nötig, um Daten zu Lokal-
rezidiv- und Fernmetastasenraten sowie zur Toxizität dieser Kombinationstherapien zu erhalten.
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Introduction
Preoperative radiotherapy (RT) with or without concurrent 
chemotherapy or hyperthermia and total mesorectal excision 
surgery have optimized local control rates in rectal cancer pa-

tients [6, 15, 20, 31, 37, 40]. The development of distant me-
tastases is now the predominant mode of failure. Thus, the 
challenge is to integrate more effective systemic therapy into 
combined-modality programs. Newer-generation cytotoxic 
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chemotherapeutics, such as oral fluoropyrimidines, oxalipla-
tin and irinotecan, improved results for colon cancer patients 
when treated in the metastatic or adjuvant setting. These 
agents have now being incorporated into phase I–III studies 
for rectal cancer as well [39]. An emerging strategy to further 
improve outcomes is to incorporate newer, biologically active, 
targeted therapies.

Epidermal Growth Factor Receptor Inhibitors 
Rationale to Combine Inhibitors of the Epidermal 
Growth Factor Pathway with Chemoradiotherapy

Epidermal growth factor receptor (EGFR) signaling is linked 
with increased proliferation, angiogenesis, and metastasis, and 
controls cell survival in response to exogenous stress via inter-
action with DNA damage repair and inhibition of apoptosis. 
This is mediated through two major EGFR-dependent path-
ways, the PI3K-AKT and the Ras-MAPK pathway.  EGFR 
tyrosine kinase activity is increased in human cancer cells in 

response to irradiation, and addition of exogenous EGF can 
render cells radioresistant in vitro [46].

In the clinical setting, EGFR overexpression has been 
associated with a more aggressive phenotype and poor prog-
nosis in many human cancers, including rectal cancer [24]. 
Moreover, recent clinical studies have established EGFR ex-
pression as an independent predictor of poor tumor response 
and prognosis in rectal cancer patients treated with preopera-
tive RT or chemoradiotherapy (CRT; Table 1).

Cetuximab is an IgG1 monoclonal antibody directed 
against the ligand-binding domain of EGFR. In preclinical 
models of several human cancers, cetuximab has been shown 
to be a potent enhancer of radiation-induced cell growth ar-
rest [32]. A recent phase III trial in head-and-neck cancer has 
confirmed that cetuximab is a clinically active radiosensitizer 
[5]. Moreover, when combined with chemotherapy, the an-
ti-EGFR antibody cetuximab has been shown to confer clini-
cal benefit in metastatic colorectal cancer (mCRC) [11, 33].

Table 1. Predictive and prognostic impact of the EGFR status in series of preoperative (chemo)radiotherapy for rectal cancer. DFS: disease-free sur-
vival; EGFR: epidermal growth factor receptor; 5-FU: 5-fluorouracil; LV: leucovorin; pCR: pathologic complete response; UFT: uracil-tegafur.

Tabelle 1. Prädiktive und prognostische Bedeutung des EGFR-Status in Studien zur präoperativen Radio(chemo)therapie des Rektumkarzinoms. 
DFS: krankheitsfreies Überleben; EGFR: epidermaler Wachstumsfaktor-Rezeptor; 5-FU: 5-Fluorouracil; LV: Leukovorin; pCR: pathologisch bestätigte 
komplette Remission; UFT: Uracil-Tegafur.

Series Patients (n) Chemoradiotherapy Outcome Comments

Giralt et 
al., 2002 
[17]

  45 1.8 Gy to 45 Gy (concomitant 
5-FU/LV in 21 patients)

pCR rate 3% of EGFR-positive and 38% of 
EGFR-negative tumors (p = 0.003)

Multivariate analysis: EGFR status 
only significant predictor for pCR 
(p = 0.013)

Azria et al., 
2005 [1]

  77 2.0 to 44–60 Gy (concomi-
tant 5-FU ± oxaliplatin in 8 
patients)

2-year local recurrence-free survival 94% in 
patients with EGFR < 25%, and 84% in patients 
with EGFR extent ≥ 25% (p = 0.06)

Multivariate analysis: EGFR ex-
pression independent factor for 
local failure (p = 0.037)

Giralt et 
al., 2005 
[16]

  87 1.8 Gy to 45–50.4 Gy (con-
comitant 5-FU/LV in 50 
patients)

EGFR positivity significantly associated with a 
lack of pCR (p = 0.006). DFS significantly shor-
ter among patients with EGFR-positive tumors 
(p = 0.003)

Multivariate analysis: EGFR ex-
pression significant predictor of 
DFS (p = 0.036)

Kim et al., 
2006 [23]

183 1.8 Gy to 50.4 Gy (concomi-
tant 5-FU/LV)

No correlation between EGFR status and pCR 
(p = 0.569). Low level vs. high level of EGFR 
significant for tumor downstaging (p = 0.012)

Li et al., 
2006 [26]

127 1.8 Gy to 50.4 Gy (concomi-
tant 5-FU/LV)

Local recurrence-free survival: high level of EF-
GR associated with more local recurrences, but 
not significantly. High level of EGFR associated 
with significantly shorter DFS (p = 0.002).

Multivariate analysis: EGFR ex-
pression significant predictor of 
DFS (p = 0.041)

Spindler et 
al., 2006 
[41]

  77 2 Gy to 60 Gy + intracavitary 
boost 5 Gy (concomitant oral 
UFT/LV)

Major tumor regression in 34% of EGFR GG 
polymorphism homozygous patients compared 
with 65% in patients with replacement of G by 
T (p = 0.023)

G/T gene polymorphism

Bertolini et 
al., 2007 
[3]

  91 2 Gy to 50 Gy (concomitant 
5-FU)

No statistical significance between pretreat-
ment EGFR status and pCR. 4-year DFS rate 92% 
vs. 61.2% in cases of postoperative positive or 
negative EGFR expression (p = 0.019)

Multivariate analysis: positive ex-
pression of EGFR post treatment 
with a significantly higher risk of 
relapse than negative expression 
(p = 0.017)

Zlobec et 
al., 2008 
[47]

104 High-dose-rate endorectal 
brachytherapy with 4 × 6.5 Gy 
(total 26 Gy) for 4 consecu-
tive days

EGFR positivity significantly associated with 
pCR rate (p = 0.003)

Multivariate analysis: positive 
EGFR-expression independent 
predictive factor for pCR 
(p = 0.01)
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Clinical Phase I and II Trials with EGFR Inhibitors and 
Chemoradiotherapy for Rectal Cancer

Clinical studies of preoperative CRT have now been initiated 
to evaluate EGFR inhibitors as radiosensitizers in rectal can-
cer. Hofheinz et al. performed a phase I trial of preoperative 
RT with capecitabine, irinotecan and cetuximab (Table 2a) 
[21]. These authors demonstrated that such a combination 
can be safely applied without dose compromises of the re-
spective treatment components. Machiels et al. have report-
ed the safety and efficacy of combining preoperative RT with 
capecitabine and cetuximab in a phase I/II trial (Tables 2a 
and 2b) [29]. This combination was associated with no unex-
pected toxicity, and full doses of RT, chemotherapy, and ce-
tuximab could be applied. However, only two of 37 patients 
(5%) achieved a pathologic complete response (pCR), and a 
total of 25/37 patients (68%) had only moderate or minimal 
tumor regression. The German Rectal Cancer Study Group 
conducted a multicenter phase I/II study to determine the 
tolerability and efficacy of adding cetuximab to preopera-
tive RT with capecitabine and oxaliplatin. Again, only four 
of the 45 operated patients (9%) had pCR in the resected 
specimen, and 53% of patients had only moderate, minimal, 
or no tumor regression at all [38]. As shown in Table 2b, the 
disappointingly low rate of pCR rates achieved by the com-
bination of CRT plus cetuximab has now been confirmed in 
several phase II studies. Intriguingly, the addition of gefitinib 
to CRT, a small molecule directed toward the intracellular 
tyrosine kinase domaine of EGFR, was feasible and associ-
ated with a 30% pCR rate in a recent study by Valentini et 
al. (Table 2b) [42].

Several mechanisms may contribute to the appar-
ently subadditive interaction between CRT and cetuximab, 

including upregulation of cycline-dependent kinase p27 and 
G1 cell-cycle arrest, the redundancy of EGFR pathways, 
K-ras mutation status, as well as sequence dependencies. 
Intriguingly, recent in vitro data by Morelli et al. indicate a 
sequence dependency of the cetuximab-oxaliplatin combina-
tion with maximum synergy when oxaliplatin was followed by 
cetuximab, yet antagonistic effects when cetuximab preceded 
oxaliplatin [34].

Molecular Prediction of Response to Cetuximab 
Combined-Modality Treatment

The study of Machiels et al. included a translational part with 
biopsies taken at three time points, at baseline, after the load-
ing dose of cetuximab but before start of CRT, and at surgery. 
Microarray gene expression analysis and proteomics revealed 
downregulation of invasion and proliferation pathways and 
an upregulation of inflammatory pathways and EGFR li-
gands after the first dose of cetuximab [28]. The immunhisto-
chemically determined expression of Ki-67 and transforming 
growth factor-α correlated with T-level downcategorization. 
It has been established that the K-ras mutation status is a 
candidate marker for predicting survival in mCRC patients 
treated with cetuximab (the wild-type status is associated 
with a survival benefit) [13]. In the analysis of Machiels et 
al., a trend (p = 0.06) for better tumor regression was found 
for patients with wild-type K-ras [28]. Bengala et al. identi-
fied the gene copy number of EGFR as a significant predictor 
for better tumor regression in their study of cetuximab plus 
5-fluorouracil-(FU-)based CRT; mutated K-ras was associ-
ated with reduced tumor regression, albeit not significantly 
(p = 0.12) [2].

Table 2a. Phase I studies of preoperative chemoradiotherapy for rectal cancer with EGFR inhibition. EGFR: epidermal growth factor receptor; 
RT: radiotherapy.

Tabelle 2a. Phase-I-Studien zur präoperativen Radiochemotherapie des Rektumkarzinoms mit EGFR-Inhibition. EGFR: epidermaler Wachstums-
faktor-Rezeptor; RT: Radiotherapie.

Series Patients (n) Concurrent chemoradiotherapy Dose-limiting toxicity Recommended dose

Hofheinz et 
al., 2006 [21]

14 Preoperative RT: 1.8 Gy to 50.4 Gy
Capecitabine: 400–500 mg/m2 bid d1–38
Irinotecan: 40–50 mg/m2 d1, 8, 15, 22, 29
Cetuximab: 400 mg/m2 loading dose (d1), 
followed by 250 mg/m2 (d8, 15, 22, 29)

Grade 3 diarrhea Irinotecan: 40 mg/m2 d1, 
8, 15, 22, 29
Capecitabine: 500 mg/m2 
bid d1–38

Machiels et 
al., 2007 [29]

10 Preoperative RT: 1.8 Gy to 45 Gy
Capecitabine: 650–825 mg/m2 during RT
Cetuximab: 400 mg/m2 loading dose (d–7), 
followed by 250 mg/m2 (d1, 8, 15, 22, 29)

None Capecitabine: 825 mg/m2 
during RT

Rödel et al., 
2008 [38]

13 Preoperative RT: 1.8 Gy to 50.4 Gy
Capecitabine: 500–650–825 mg/m2 bid d1–14 and d22–35
Oxaliplatin: 50 mg/m2 d1, 8, 22, 29
Cetuximab: 400 mg/m2 loading dose (d–7), 
followed by 250 mg/m2 (d1, 8, 15, 22, 29)

None Capecitabine: 825 mg/m2 
bid d1–14 and d22–35
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Vascular Endothelial Growth Factor Inhibitors 
Rationale to Combine Inhibitors of the Vascular Growth 
Factor Pathway with Chemoradiotherapy

Angiogenesis is necessary for the survival and growth of tu-
mors, however, tumor blood vessels are often characterized 
by a disorganized architecture that contributes to intratu-
moral regions of intermittent or chronic hypoxia. Preclinical 
data have suggested that proangiogenic factors, especially the 
vascular endothelial growth factor (VEGF), are upregulated 
in tumors in response to RT, and may increase resistance to 
RT [19]. These findings are now supported by clinical data in 
rectal cancer patients, such that VEGF expression has been 
linked to a worse prognosis (especially due to more distant 
metastases) in some, albeit not in all studies (Table 3).

VEGF-targeted therapy may lead to a “normalization” 
of the tumor vasculature, thereby leading to greater tumor 

oxygenation and drug penetration. When combined with RT, 
antibodies against VEGF induced additive to supraadditive 
tumor growth delay and cell death in colon cancer models [25]. 
Bevacizumab, a monoclonal antibody directed against VEGF, 
improves survival in patients with mCRC when combined with 
chemotherapy [22].

Clinical Phase I and II Trials with VEGF Inhibitors and 
Chemoradiotherapy for Rectal Cancer

Willett et al. have reported on a phase I study of preopera-
tive bevacizumab, 5-FU and RT for clinical T3 or T4 rectal 
cancer [43]. Preliminary data indicate safety of this regi-
men and promising activity (six of seven evaluable patients 
demonstrated only microscopic disease in the surgical speci-
men 7 weeks after completion of neoadjuvant treatment). In a 
meticulous analysis of the first six patients performed 12 days 

Table 2b. Phase II studies of preoperative chemoradiotherapy for rectal cancer with EGFR inhibition. EGFR: epidermal growth factor receptor; 5-FU: 
5-fluorouracil; (IO)RT: (intraoperative) radiotherapy.

Tabelle 2b. Phase-II-Studien zur präoperativen Radiochemotherapie des Rektumkarzinoms mit EGFR-Inhibition. EGFR: epidermaler Wachstums-
faktor-Rezeptor; 5-FU: 5-Fluorouracil; (IO)RT: (intraoperative) Radiotherapie.

Series Patients (n) Concurrent chemoradiotherapy Toxicity pCR (%)

Chung et al., 
2006 [9]

20 Preoperative RT: 1.8 Gy to 50.4 Gy
5-FU: 225 mg/m2 continuous infusion
Cetuximab: 400 mg/m2 loading dose (d1), followed by 
250 mg/m2 (d8, 15, 22, 29) and 4 additional weeks

Grade 3–4: diarrhea 10%, 
acneiform rash 15%, RT-field 
dermatitis 5%

12

Bertolini et al., 
2007 [4]

40 Preoperative RT: 2.0 Gy to 50 Gy
5-FU: 225 mg/m2 continuous infusion
Cetuximab: 400 mg/m2 loading dose, followed 
by 250 mg/m2 weekly, three times, followed weekly 
concomitantly with chemoradiotherapy 

Grade 3: acneiform rash 15%
Grade 4: none

  7.7

Machiels et al., 
2007 [29]

30 Preoperative RT: 1.8 Gy to 45 Gy
Capecitabine: 825 mg/m2 during RT
Cetuximab: 400 mg/m2 loading dose (d–7), followed by 
250 mg/m2 (d1, 8, 15, 22, 29)

Grade 3: diarrhea 15%
Grade 4: myocardial infarction 
(n=1), pulmonary embolism 
(n=1), sepsis (n=1) 

  5

Rödel et al., 
2008 [38]

48 Preoperative RT: 1.8 Gy to 50.4 Gy
Capecitabine: 825 mg/m2 bid d1–14 and d22–35
Oxaliplatin: 50 mg/m2 d1, 8, 22, 29
Cetuximab: 400 mg/m2 loading dose (d–7), followed by 
250 mg/m2 (d1, 8, 15, 22, 29)

Grade 3–4: diarrhea 19%   9

Hofheinz et al., 
2008 (personal 
communication)

50 Preoperative RT: 1.8 Gy to 50.4 Gy
Capecitabine: 500 mg/m2 bid d1–38
Irinotecan: 40 mg/m2 d 1, 8, 15, 22, 29
Cetuximab: 400 mg/m2 loading dose (d1), followed by 
250 mg/m2 (d8, 15, 22, 29)

Not given   8

Cabebe et al., 
2008 [7]

23 Preoperative RT: 1.8 Gy to 50.4 Gy
Capecitabine: 800 mg/m2 bid Monday to Friday
Oxaliplatin: 100 mg/m2 d2 and d23
Cetuximab: 400 mg/m2 loading dose, followed by 
250 mg/m2 weekly for 9 weeks

After 10 patients oxaliplatin 
was omitted due to “radiosen-
sitizing properties”

17

Valentini et al., 
2008 [42]

41 Preoperative RT: 1.8 Gy to 50.4 Gy ± IORT 10 Gy
5-FU: 225 mg/m2 continuous infusion
Gefitinib: 250–500 mg once daily

Grade 3: 41%; gastrointestinal: 
20.5%, genitourinary: 10%

30
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after the first bevacizumab infusion, this group revealed a sig-
nificant decrease in tumor blood perfusion and blood volume, 
and a significant decrease in tumor microvessel density. This 
was accompanied by an increase in pericyte coverage of tu-
mor vessels and a decrease of the interstitial fluid pressure, 
indicating that a “normalization” of the tumor vasculature by 
anti-VEGF treatment may contribute to the high efficacy of 
bevacizumab in this and further trials with combined CRT and 
VEGF inhibition (Tables 4a and 4b).

Clinical studies investigating bevacizumab with chemo-
therapy established the toxicity profile with most common 
severe side effects occurring as hypertension, diarrhea, as-
thenia, pain, and leukopenia. Although infrequent (1–3%), 
arterial ischemic events, hemorrhage, wound healing delays, 
and bowel perforation have also been noted. Lordick et al. re-
ported on three of 33 patients receiving bevacizumab (without 
concomitant RT) at their institution which developed severe 
bowel complications (acute ischemic colitis, n = 2, gastrointes-
tinal perforation, n = 1) [27]. All three patients had previously 
undergone RT to the pelvis before treatment with bevacizum-
ab, suggesting that there may be an increased risk of vascular 
bowel damage in previously irradiated tissues.

Willett et al. terminated the dose-escalating component 
of their study when two patients developed dose-limiting tox-
icities of diarrhea and colitis at 10 mg/m2 bevacizumab [44]. 
Clearly the toxicity pattern (radiation-induced enteritis, per-

forations) and surgical complications (wound healing, fistu-
la, bleeding) observed in at least some of the clinical studies 
(Table 4b) warrants further investigations of the interaction 
of RT with VEGF inhibition, both for tumor and normal tis-
sues. Intriguingly, a protective effect of VEGF against the 
endothelial damage induced by radiation has been demon-
strated [36].

Molecular Prediction of Response to Bevacizumab 
Combined-Modality Treatment

Correlative molecular investigations as part of the studies of 
Willett et al. showed that 12 days after the first bevacizumab 
administration tumor cell apoptosis significantly increased; 
however – unlike after cetuximab treatment – there was a clear 
trend (p = 0.06) for increased proliferation, possibly reflecting 
the improved tumor microenvironment subsequent to vascu-
lar normalization. This was also accompanied by a decrease 
in angiopoietin 2 expression, a molecule which promotes de-
stabilization of blood vessels by inhibiting the recruitment 
of pericytes to blood vessels. Moreover, a decrease in blood 
concentrations of circulating endothelial cells, and an increase 
of the levels of plasma VEGF and plasma placental growth 
factor (PLGF) – a ligand of vascular endothelial growth factor 
receptor-(VEGFR-)1 – was noted [44]. The change in PLGF 
and the pretreatment VEGFR-1 in plasma correlated signifi-
cantly with the extent of tumor regression [45].

Table 3. Predictive and prognostic impact of the VEGF status in series of (chemo)radiotherapy for rectal cancer. DFS: disease-free survival; 
5-FU: 5-fluorouracil; LV: leucovorin; OS: overall survival; pCR: pathologic complete response; VEGF: vascular endothelial growth factor.

Tabelle 3. Prädiktive und prognostische Bedeutung des VEGF-Status in Studien zur Radio(chemo)therapie des Rektumkarzinoms. DFS: krankheits-
freies Überleben; 5-FU: 5-Fluorouracil; LV: Leukovorin; OS: Gesamtüberleben; pCR: pathologisch bestätigte komplette Remission; VEGF: vaskulärer 
endothelialer Wachstumsfaktor.

Series Patients (n) Chemoradiotherapy Outcome Comments

Cascinu et al., 
2002 [8]

  79 Postoperative radiotherapy with 45 
Gy and a boost to 54 Gy (adjuvant 
chemotherapy with six cycles of 
5-FU/LV)

VEGF-positive tumors were significantly 
more often associated with distant metas-
tases than negative tumors (p = 0.02)

Significantly higher propor-
tion of relapsed patients with 
VEGF-positive than -negative 
expression (p = 0.003)

Giralt et al., 
2006 [18]

  81 1.8 Gy to 45–50.4 Gy (concomitant 
5-FU in 45 patients)

No significant correlation between VEGF 
and pCR (p = 0.229), local relapse (p = 
0.14). Higher levels of VEGF associated 
with metastasis-free survival (p = 0.016)

Bertolini et 
al., 2007 [3]

  91 2 Gy to 50 Gy (concomitant 5-FU) No statistically significant association 
between baseline expression of VEGF and 
pCR, DFS, OS

VEGF expression significantly 
increased after treatment

Negri et al., 
2008 [35]

  57 2 Gy to 40–45 Gy (concomitant 
5-FU and oxaliplatin in 19 patients)

No predictive value of VEGF for pCR 
(p = 0.31)

Zlobec et al., 
2008 [47]

104 High-dose-rate endorectal brachy-
therapy with 4 × 6.5 Gy (total 26 
Gy) for 4 consecutive days

VEGF-negative expression significantly 
associated with pCR (p = 0.004)

Multivariate analysis: 
VEGF-negative expression 
independent predictive factor 
for pCR (p = 0.009)
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Conclusion and Future Perspectives
Given the strong preclinical rationale to combine EGFR and 
VEGF inhibitors with CRT in rectal cancer patients, these 
combinations should clearly be investigated further. First re-
sults of phase II studies, however, have yielded disappointing 

results with respect to early tumor response rates, at least for 
the EGFR inhibitor cetuximab. As molecular targeted thera-
pies exert their efficacy predominantly as cytostatic rather than 
cytotoxic agents, it is well conceivable that the benefit may not 
be manifested as an increase in tumor regression but rather as 

Table 4a. Phase I studies of preoperative chemoradiotherapy for rectal cancer with VEGF inhibition. 5-FU: 5-fluorouracil; RT: radiotherapy; 
VEGF: vascular endothelial growth factor.

Tabelle 4a. Phase-I-Studien zur präoperativen Radiochemotherapie des Rektumkarzinoms mit VEGF-Inhibition. 5-FU: 5-Fluorouracil; RT: Radiothe-
rapie; VEGF: vaskulärer endothelialer Wachstumsfaktor.

Series Patients (n) Concurrent chemoradiotherapy Dose-limiting toxicity Recommended dose

Willett et al., 
2004 [43]

  6 Preoperative RT: 1.8 Gy to 50.4 Gy
5-FU: 225 mg/m2 continuous infusion
Bevacizumab: 5–10 mg/m2 d–14, 1, 15, 29
Surgery: 7–9 weeks after completion of RT

Diarrhea and colitis Bevacizumab: 5 mg/m2 d–14, 1, 
15, 29

Czito et al., 
2007 [12]

11 Preoperative RT: 1.8 Gy to 50.4 Gy
Capecitabine: 500–625–825 mg/m2 
bid Monday to Friday
Oxaliplalin: 50–60–75 mg/m2 weekly
Bevacizumab: 15 mg/m2 (d1)/10 mg/m2 d8 and d22
Surgery: 6–8 weeks after completion of RT

Grade 3–4 diarrhea Preoperative RT: 1.8 Gy to 50.4 Gy
Capecitabine: 625 mg/m2 bid 
Monday to Friday
Oxaliplatin: 50 mg/m2 weekly
Bevacizumab: 15 mg/m2 (d1)/10 
mg/m2 d8 and d22

Table 4b. Phase II studies of preoperative chemoradiotherapy for rectal cancer with VEGF inhibition. 5-FU: 5-fluorouracil; RT: radiotherapy; 
VEGF: vascular endothelial growth factor.

Tabelle 4b. Phase-II-Studien zur präoperativen Radiochemotherapie des Rektumkarzinoms mit VEGF-Inhibition. 5-FU: 5-Fluorouracil; RT: Radiothe-
rapie; VEGF: vaskulärer endothelialer Wachstumsfaktor.

Series Patients (n) Concurrent chemoradiotherapy Toxicity pCR (%)

Willett et 
al., 2008 
[45]

25 Preoperative RT: 1.8 Gy to 50.4 Gy
5-FU: 225 mg/m2 continuous infusion
Bevacizumab: 5 mg/m2 d–14, 1, 15, 29
Surgery: 7–9 weeks after completion of RT

No acute grade 4 20

Crane et al., 
2008 [10]

25 Preoperative RT: 1.8 Gy to 50.4 Gy
Capecitabine: 900 mg/m2 bid Monday to Friday
Bevacizumab: 5 mg/m2 d1, 15, 29
Surgery: 6–11 weeks (median 7.3) after RT

No patients had grade 3 gastrointestinal toxicity
Surgical: 3 wound complications that required 
surgical intervention

32

Marijnen, 
2008 [30]

23 Preoperative RT: 2.0 Gy to 50 Gy
Capecitabine: 825 mg/m2 bid
Bevacizumab: 5 mg/m2 d–14, 1, 15, 29
Surgery: 6–10 weeks thereafter

Grade 3: skin (n=4), diarrhea (n=2)
Grade 4: anal mucositis (n=1)
Grade 5: enteritis with uncontrollable bleeding 
(n=1)
Postoperative: 2/23 small bowel perforations, 
1 rectal wall perforation
Surgical: perineal dehiscence (n=1), rectovagi-
nal fistula (n=2), bleeding 5,500 cm3 (n=1) 

  9

DiPetrillo 
et al., 2008 
[14]

23 Two biweekly courses of bevacizumab 5 mg/m2 
and modified FOLFOX6, followed by bevacizumab 
5 mg/m2 biweekly, oxaliplatin 50 mg/m2 weekly 
(subsequently reduced to 40 mg/m2 due to grade 3 
diarrhea), 5-FU 200 mg/m2 continuous infusion with 
concurrent 50.4 Gy pelvic irradiation
Surgery: 4–8 weeks after completion of RT

Grade 3 during chemoradiotherapy: 75%
Grade 4: neutropenia (n=1), diarrhea (n=1)

25
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an arrest in tumor progression. Thus, longer follow-up (and, 
finally, randomized trials) is needed to draw any firm con-
clusions with respect to local response rates, long-term local 
control, as well as toxicity. It also remains to be established 
whether the concurrent or sequential incorporation of tar-
geted agents into the combined-modality treatment of rectal 
cancer patients will have an impact on distant tumor control. 
As a word of caution, the impressive results achieved with the 
addition of cetuximab to chemotherapy in mCRC, and to RT 
alone in head-and-neck cancer may not be simply transferred 
to combined chemoradiation protocols.
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