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The efficacy of oxaliplatin monotherapy against

several solid tumors and its relative lack of nephrotoxicity

and myelosupression, coupled with results of the

Multicenter International Study of Oxaliplatin/

5-Fluorouracil/Leucovorin in the Adjuvant Treatment

of Colon Cancer trial, led to a great deal of interest

for the implementation of this chemotherapeutic

agent in the preoperative setting for the management

of adenocarcinoma of the rectum. Despite limited in-vitro

and in-vivo data with regard to the radiosensitizing

properties of oxaliplatin in rectal cancer, it rapidly entered

phase I–III clinical trials. This study reviews the results

of these trials and the current status of oxaliplatin as a

radiosensitizing agent in the neoadjuvant management

of rectal cancer. Anti-Cancer Drugs 22:317–323 �c 2011
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Introduction
Platinum-based chemotherapeutic agents are broadly used

in a variety of solid tumors including lung, genitourinary

system, and colon malignancies. Although the efficacy of

some of these compounds has been well established (e.g.

cisplatin in testicular cancer), widespread clinical use of

platinum-based agents was limited by substantial toxic side

effects and the development of chemoresistance. To

overcome these limitations more than 3000 analogs have

been synthesized, of which around 30 have entered clinical

trials. However, only a handful are used in clinical practice

[1].

Oxaliplatin is a platinum-based compound in the alkylat-

ing family of anticancer agents (Fig. 1) [1]. Although

oxaliplatin was discovered 34 years ago, it gained Food

and Drug Administration approval only in the past 8 years

for the management of advanced colon cancers. As with

other platinum-based compounds used in cancer treat-

ment, oxaliplatin brings about its antitumor activity by

interfering with DNA synthesis owing to the formation of

adducts between the drug and the double-stranded

structure of DNA [1]. Intra-strand links occur between

two contiguous guanine or two neighboring adenine and

guanine adducts (Fig. 2) [2]. Although oxaliplatin shares

the same mode of action as other platinum compounds, it

differs from its analogs in its variability in mechanisms of

resistance [3]. Oxaliplatin causes fewer intrastrand adducts,

but it provides equal DNA cytotoxicity. The adducts

formed by oxaliplatin are less well recognized by the

DNA repair complex than those formed by cisplatin and

carboplatin [3]. Platinum agents including oxaliplatin can

thus synergize in combination with radiation in the killing

of cells.

This study gives an overview of the current status of

oxaliplatin in combination with other chemotherapeutic

agents and radiation for the treatment of rectal cancer in a

neoadjuvant setting.

Preclinical studies
Oxaliplatin in colon cancer

Data from preclinical studies related to the effects of

oxaliplatin in colorectal cancer are surprisingly limited. In

our studies, we have shown in vitro that SW620 colorectal

cancer cells were more resistant to oxaliplatin-mediated

apoptosis compared with SW480 colorectal cancer cells at

baseline (control) and after 24-h treatment with oxali-

platin (500 mg) (20 vs. 49%, respectively). Caspase-3

activity was 14 and 34% in SW620 versus SW480 cells,

respectively. Expression of Bax, Bcl-2, Bcl-xL, and anti-

apoptosis-inducing factor (AIF) was similar in both cell

lines. However, immunohistochemistry showed a marked

increase in staining in the SW480 cell line with AIF anti-

body. These findings suggested that oxaliplatin-mediated

resistance to apoptosis in metastatic colon cancer might

be mediated by AIF and that this regulation is unlikely

to be affected by individual gene expression of Bax, Bcl-2,

or Bcl-xL [4].

Oxaliplatin led to G0–G1 arrest in p53 wild-type colo-

rectal cancer cells exposed to the drug for 2 h. In contrast,

the same study showed that colorectal cancer-p53-null

cells experienced S-phase arrest. Colorectal cancer cells

with a p53 wild-type status were sensitive to oxaliplatin,

whereas most p53 null cells were resistant to the drug

[5]. Other investigators have shown in vitro that oxali-

platin caused G0–G1 cell-cycle arrest in HCT-116

p53 wild-type cells, whereas it caused p21 degradation

and G2–M arrest in its knockout counterpart [6].

Oxaliplatin and ionizing radiation in vitro

The first study that documented the effect of oxaliplatin

combined with radiation was in an abstract in which the
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researchers showed in-vitro and in-vivo activity of oxalipla-

tin as a radiosensitizer [7]. Available evidence of the

radiosensitizing properties of oxaliplatin in the preclinical

setting was summarized by Hermann et al. [8]. In a study

by Magne et al. [9], oxaliplatin sensitized both p53 wild-

type (SW403) and p53-mutated (WiDR) cells to the

effects of ionizing radiation. However, when 5-fluorouracil

(5-FU)/folinic acid was added to oxaliplatin and ionizing

radiation in different sequencing combinations, there

seemed to be antagonistic interactions in the WiDR line

and synergy in SW403 cells. Another study documented the

importance of the period of incubation with oxaliplatin in a

colorectal cancer cell line exposed to ionizing radiation and

5-FU. The researchers concluded that a longer oxaliplatin

exposure in S1 colorectal cancer cells led to increased

radiosensitivity [10].

Oxaliplatin and ionizing radiation in vivo

Data on the effects of oxaliplatin in combination with

ionizing radiation in vivo are also substantially limited.

Hess and Blackstock [7] first documented the in-vivo

activity of oxaliplatin combined with ionizing radiation in

HT-29 colon cancer xenografts. The results of this study

were in disagreement with the findings by Folkvord

et al. who found no changes in tumor growth in HT-29

xenografts treated with oxaliplatin, capacitabine, and

irradiation [11].

In a separate study, delayed tumor growth was observed

in a xenograft model with mammary adenocarcinoma

xenografts treated with oxaliplatin (6–14 mg/kg, intraper-

itoneally) and irradiation (2 Gy� 10 days). Different

sequences and time intervals did not influence the results

of this study, [12].

Even though there was limited in-vitro and in-vivo evid-

ence of oxaliplatin as a radiosensitizer, it rapidly entered

phase I–III clinical trials for the management of adeno-

carcinoma of the rectum in the neoadjuvant setting.

Clinical studies have shown that oxaliplatin monotherapy

was effective against several solid tumors including

ovarian, melanoma, giloma, and colon cancer [13]. In

addition, the toxicity observed with other platinum-based

agents was substantially less with oxaliplatin. Patients

treated with oxaliplatin did not experience the limiting

nephrotoxicity compared with individuals subjected to

cisplatin [14]. Similarly, oxaliplatin-treated patients had

less myelosuppression compared with patients receiving

carboplatin-based therapy [15].

Probably the most pronounced enthusiasm for the rapid

inclusion of oxaliplatin in the management of rectal

cancer in the preoperative setting was the results from

the Multicenter International Study of Oxaliplatin/

5-Fluorouracil/Leucovorin in the Adjuvant Treatment of

Colon Cancer trial that established the use of oxaliplatin

as part of the FOLFOX4 (oxaliplatin, leucovorin, and

5-fluorouracil) regimen as standard treatment in the

adjuvant setting for locally advanced colon cancer after

surgical resection. In this trial, patients with stage II or

stage III colon cancer underwent surgical resection and
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were randomly assigned to either infusional 5-FU with

leucovorin (FL) or FOLFOX4 for 12 cycles. This trial

initially showed a disease-free survival advantage of 78.2%

at 3 years in the FOLFOX4 arm as compared with 72.9%

in the FL group (P = 0.002) [16]. Final analysis carried

out at 6 years showed an overall survival (OS) advantage

with OS rates of 78.5 and 76.0% in the FOLFOX4 and

FL groups, respectively (P = 0.046) [17]. Although this

study provided important therapeutic options in the

management of colon cancer, it has also documented

oxaliplatin-associated toxicity when combined with fluoro-

uracil and leucovorin, compared with fluorouracil and

leucovorin alone. It is noteworthy that although the

toxicity of oxaliplatin-based therapies in the management

of solid tumors is less than that with cisplatin and

carboplatin, its toxicity profile is higher than that of

fluoropyrimidine-based therapy alone. This is an important

aspect in considering the risks and benefits associated

with oxaliplatin in the preoperative management of rectal

cancer. Significant differences in grade III and grade IV

toxicities associated with these two therapies reported in

the Multicenter International Study of Oxaliplatin/5-

Fluorouracil/Leucovorin in the Adjuvant Treatment of

Colon Cancer trial are shown in Fig. 3 [16].

Clinical studies
Several phase I and II studies have been conducted to

assess the addition of oxaliplatin to other chemotherapy

agents in combination with radiation. In these trials,

oxaliplatin is typically combined with continuous infusion

of 5-FU or its oral pyrimidine analog.

Phase I/II studies

The first phase I trial was published in 2001. In a single-

institution phase I study, 17 patients with various stages

of rectal cancer were treated with escalating doses of

oxaliplatin at 80, 100, and 130 mg/m2 with concomitant

45 Gy radiation therapy (RT) and 5-FU with L-folinic

acid. Only one patient had treatment failure at a dose of

80 mg/m2. This study did not arrive at a maximum

tolerated dose (MTD). The researchers recommended a

dose of 130 mg/m2 for phase II trials [18].

After a period of 2 years, the feasibility and efficacy of a

different phase I/II protocol (xeloda and oxaliplatin) was

assessed in 32 patients with rectal cancer [19]. In this

study, patients were subjected to 50.4 Gy RT, capacita-

bine at 825 mg/m2, and 10 mg/m2 incremental doses of

oxaliplatin starting at 50 mg/m2. Dose-limiting toxicity

(DLT) was at 60 mg/m2. Of all the patients, 55% achieved

a tumor depth downstaging; pathological complete res-

ponse (pCR) was 19%. Sphincter-preserving low anterior

resection (LAR) was achieved in 36% of patients who had

tumors of size greater than or equal to 2 cm above the

dentate line. The rate of postoperative complications in

this trial was 39%.

Subsequent to these trials, a different study evaluated

raltitrexed (3 mg/m2) and escalating doses of oxaliplatin

(60–130 mg/m2) combined with RT (50 Gy) in 48

patients in a phase I/II trial [20]. This study also did

not reach an MTD. Of all the patients in this cohort, 93%

underwent a sphincter-preserving LAR. There was a 67%

rate of tumor downstaging and a 77% nodal downstaging

with a pCR of 57% [20].

In 2005, another group conducted a phase I study in

patients with T3–T4, metastatic, and recurrent rectal

cancer to determine the MTD of eight escalating doses of

both oxaliplatin and continuous infusion of 5-FU. DLT

occurred at the last dose (oxaliplatin 80 mg/kg2 and 5-FU

225 mg/kg2 concurrent with 45 Gy ionizing radiation). At a

lower dose (oxaliplatin 60 mg/kg2 and 5-FU 225 mg/kg2),

two patients had grade 3 diarrhea and this was the

recommended dose by the researchers for phase II/III

studies [21].

The same year, a phase I–II study was conducted to

evaluate the recommended dose and clinical activity of

oxaliplatin in combination with 5-FU and RT in 46

patients with recurrent or stage II/III rectal cancer. In the

phase I portion of this study, the investigators established

the recommended dose of oxaliplatin at 60 mg/m2 and 5-

FU at 225 mg/m2/day in conjunction with 50.4 Gy RT. In

this study, downstaging occurred in 84% of the patients,

with a rate of 28% pCR [22].

The results of the phase I/II Colorectal Clinical Oncology

Group study were also published in 2005 [23]. This study

included treatment with escalating doses of oxaliplatin

(85, 130,150, and 170 mg/m2) with leucovorin (20 mg/m2),

5-FU (350 mg/m2), and 45 Gy RT. The follow-up period

for these patients was 41 months. The MTD with this

regimen was 150 mg/m2 of oxaliplatin. The secondary aims

Fig. 3
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of this study were to determine the rates of pCR,

resectability, and local recurrence, and late morbidity. pCR

was 7%, downstaging was achieved in 30% of patients,

circumferential resection was possible in 81% of cases.

There was a 27% rate of relapse (one had local disease and

five had distant metastasis) in 22 patients who had R0

operations. Severe late effects were uncommon [23].

The results of the Cancer and Leukemia Group B

(protocol 89901) phase I/II study were available in 2006.

In this study the researchers assessed the MTD of

oxaliplatin in patients with T3–T4 tumors receiving

continuous infusion of 5-FU (200 mg/m2), irradiation

(50.4 Gy), and escalating oxaliplatin treatment from 30 to

60 mg/m2. A secondary objective of this study was to

determine pCR. In the phase I portion of the study,

MTD was established at 60 mg/m2. Compliance was 56%.

The toxicity profile was 67% for grades 3–4 diarrhea, 17%

for grade 3 neutropenia, and 6% for grade 3 trhombocy-

topenia. Eight patients who completed the phase II

portion of the study experienced a pCR [24].

The Easter Cooperative Oncology Group study (E-1297)

published the results of their phase I study in 2008. This

study evaluated 21 patients with T3–T4 rectal cancer

who were subjected to RT (50.4 Gy), infused with 5-FU

(200 mg/m2), and varying doses of oxaliplatin (55, 75, or

85 mg/m2). The primary objectives of this study were to

determine the MTD for oxaliplatin and DLTs. This study

found no DLTs and the highest dose was well tolerated.

Five of the 21 patients had a pCR. The researchers

recommended a 85 mg/m2 dose of oxaliplatin every 2

weeks for phase II studies [25]. In their analysis, the

researchers of this study also included a number of

published studies in which oxaliplatin had been used in

RT. Compliance was lower and grades 3–4 diarrhea more

pronounced with higher cumulative doses of oxaliplatin

(Fig. 4) [22–32].

Phase II studies

The results of the Argentinean phase II Inergrupo

Argentino para el Tratamiento de los Tumores Gastro-

intestinales study were available in 2002. This study

included 22 patients with unresectable T3–T4 rectal

cancer. In this study, 72% of the patients underwent

surgical resection, 75% of whom had a complete res-

ection. Forty-two percent of patients had a sphincter-

preserving LAR. The rate of pCR was 25%. Median time

of survival was 15.7 months and median OS was 19.5

months. The researchers concluded that oxaliplatin was

highly active in this clinical setting and that it was

associated with low toxicity. No individual was excluded

from the study as a result of oxaliplatin toxicity. One

patient died of febrile neutropenia, and diarrhea was the

most prevalent severe toxicity. Three patients had local

recurrence [26].

The results of the phase I study published by Freyer et al.
[18] in 2001 was followed by a phase II trial in the Lyon

RO-04 study. The dose of oxaliplatin was at 130 mg/m2

with the same dose of 5-FU and L-folinic acid, but there

was an increase in RT from 45 to 50 Gy. The main goal of

this trial was to identify the rate of postoperative

complications with this regimen. A total of 25 patients

underwent LAR, nine of whom had a diverting ostomy

and 14 patients had an abdominoperineal resection. In

this study, toxicity was minimal and all 40 patients

completed the study. Sphincter-preserving operations

were possible in over 50% of patients and the pCR rate

Fig. 4
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was 15%. There were no postoperative deaths, four

patients required a second operation to manage compli-

cations, one patient had anastomotic fistula, and one had

pelvic abscess [27].

In the RadiOxCape phase II study, 42 patients with stage

II/III rectal cancer received 50 mg/m2 of oxaliplatin and

an oral capacitibine of 825 mg/m2 twice daily during RT

treatment for a total of 45 Gy. The main endpoint was

pCR, which was achieved in five of the 42 patients

treated (14%) [29].

Phase III studies

On the basis of the encouraging data of the phase I–II

trials, a few phase III studies have further investigated

the addition of oxaliplatin to fluoropyrimidine combined

with RT. These studies have recently been closed to

accrual. The Italian, Studio Terapia Adiuvante Retto-01

trial enrolled 747 patients to receive infusional 5-FU

concurrently with RT or the same regimen with weekly

addition of oxaliplatin. Preliminary results were published

recently indicating a similar pCR rate of 16% in the 5-FU

arm as compared with 15% in the arm also receiving

oxaliplatin. Grade III/IV toxicity was much higher in the

arm that received oxaliplatin, with the majority of these

events being diarrhea [33].

The Action Clinique Coordonnées en Cancérologie

Digestive/Partenariat de Recherche en Oncologie Diges-

tive 2 trial enrolled 598 patients to either capecitabine

given concurrently with RT or the same regimen with

weekly addition of oxaliplatin. Preliminary results from

this trial showed a nonsignificant trend toward better

pCR rate in the oxaliplatin arm. The pCR rates were 14%

in the capecitabine-arm alone compared with a pCR of

19% with the addition of oxaliplatin (P = 0.11) [34].

The preliminary results from these phase III studies do

not show a substantial response in pCR. It is unclear

whether the pCR is a surrogate marker for survival in

rectal cancer. Multiple studies do show a correlation with

pCR with improvements in DFS and a few even showed

an improvement in OS [30,35–37]. However, other stud-

ies have shown no benefit with regard to either DFS

or OS [32,38]. Given the significant systemic activity

of oxaliplatin, there may be a benefit observed with a re-

duction in distant metastases leading to an improvement

in OS, but these data with the current studies are still at

large.

Conclusion

Even though only limited preclinical data were available

on the efficacy of oxaliplatin as a radiosensitizer in rectal

cancer, it rapidly entered phase I–III trials. This

enthusiasm has been an extension of the efficacy of this

drug in colon cancer. Although DFS and OS should be the

cornerstone for the development of novel chemora-

diotherapeutic interventions, the rationale for introdu-

cing new radiosensitizers in the preoperative setting

should stem primarily from the ability of a new

combination to decrease tumor load. This goal should
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permit the performance of an intervention that otherwise

could not be undertaken (i.e. an LAR vs. an abdomino-

perineal resection). Moreover, the ability to obtain radial

margins, thereby decreasing the rate of locoregional re-

currence, should be attainable with a decrease in tumor

burden. Although it is not clear whether pCR might serve

as a marker for OS and DFS, it is a desirable outcome for a

neoadjuvant modality. Figure 5 depicts the rate of pCR in

several studies using multiple oxaliplatin-based combina-

tions [19,22,24,29,34,39–45]. Any given combination with

oxaliplatin and several agents with activity in colon cancer

(i.e. cetuximab or bevacizumab) has not shown sub-

stantial advantage in pCR compared with historical pCR

rates or fluoropyrimidine-based therapy alone. The fact

that pCR has not been drastically altered with oxaliplatin-

based therapy and that the potential rate of toxicity

compared with fluoropyrimidine-based interventions in-

dicate that oxaliplatin therapy should be used selectively

rather than routinely in the preoperative setting. A better

understanding of tumor biology might contribute to our

ability in selecting a specific cohort of patients who could

potentially benefit from preoperative oxlalipatin-based

therapy in combination with RT.
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