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Abstract
Background: In locally advanced rectal cancer, 5-Fluorouracil (5-FU)-based chemoradiation is the
standard treatment. The main acute toxicity of this treatment is enteritis. Due to its potential
radiosensitizing properties, oxaliplatin has recently been incorporated in many clinical
chemoradiation protocols. The aim of this study was to investigate to what extent 5-FU and
oxaliplatin influence the radiation (RT) induced small bowel mucosal damage when given in
conjunction with single or split dose RT.
Methods: Immune competent balb-c mice were treated with varying doses of 5-FU, oxaliplatin
(given intraperitoneally) and total body RT, alone or in different combinations in a series of
experiments. The small bowel damage was studied by a microcolony survival assay. The treatment
effect was evaluated using the inverse of the slope (D0) of the exponential part of the doseresponse curve.
Results: In two separate experiments the dose-response relations were determined for single
doses of RT alone, yielding D0 values of 2.79 Gy (95% CI: 2.65 - 2.95) and 2.98 Gy (2.66 - 3.39), for
doses in the intervals of 5-17 Gy and 5-10 Gy, respectively. Equitoxic low doses (IC5) of the two
drugs in combination with RT caused a decrease in jejunal crypt count with significantly lower D0:
2.30 Gy (2.10 - 2.56) for RT+5-FU and 2.27 Gy (2.08 - 2.49) for RT+oxaliplatin. Adding both drugs
to RT did not further decrease D0: 2.28 Gy (1.97 - 2.71) for RT+5-FU+oxaliplatin. A clearly higher
crypt survival was noted for split course radiation (3 × 2.5 Gy) compared to a single fraction of 7.5
Gy. The same difference was seen when 5-FU and/or oxaliplatin were added.
Conclusion: Combining 5-FU or oxaliplatin with RT lead to an increase in mucosal damage as
compared to RT alone in our experimental setting. No additional reduction of jejunal crypt counts
was noted when both drugs were combined with single dose RT. The higher crypt survival with
split dose radiation indicates a substantial recovery between radiation fractions. This mucosalsparing effect achieved by fractionation was maintained also when chemotherapy was added.
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Background
Surgery is the cornerstone of curative therapy for colorectal cancer. In locally advanced cases, radiotherapy is used
preoperatively to shrink the tumor in order to facilitate a
curative resection. An improved effect has been shown
when radiation is combined with the chemotherapeutic
agent, 5-fluorouracil (5-FU) [1-3]. This has made 5-FUbased chemoradiation a standard treatment for locally
advanced rectal cancer. Another drug, oxaliplatin, has
become widely used in adjuvant [4], as well as palliative
[5,6] treatment of colorectal cancer. Several phase II studies indicate good efficacy when oxaliplatin was combined
with 5-FU or oral fluoropyrimidines such as capecitabine
and radiotherapy [7-11]. Preclinical studies have demonstrated that both 5-FU and oxaliplatin have radiosensitizing properties on tumor cell lines in vitro [12,13], while
the additional effect of oxaliplatin in vivo is more uncertain [13,14].
The main dose-limiting acute side effect during abdominal radiation is enteritis. Randomized studies have shown
that combined treatment with radiation and 5-FU
increases the risk of diarrhea as compared to radiotherapy
alone [2]. There are no published results from randomized trials on whether the addition of oxaliplatin further increases gastrointestinal toxicity, but the
combination of 5-FU (or capecitabine), oxaliplatin and
radiotherapy has lead to 12-37% grade 3+ enteritis in
phase II trials [7-11].
The regeneration of the bowel mucosa is dependent on its
clonogenic stem cells which are located in the small bowel
crypts. Therefore, the survival of these clonogens is likely
to be a decisive factor in the repair of the bowel after cytotoxic therapy. The pioneering work of Withers and Elkind
presented in 1970 has given us the opportunity to study
this in the mouse intestinal mucosa [15]. Development of
radiation enteritis is thought to be mediated through a
toxic effect on these mucosal stem cells. The aim of this
study was to study the bowel damage caused by radiation,
5-FU or oxaliplatin as well as combinations thereof by
using a microcolony survival assay and comparing the difference between single and split dose radiotherapy.

Methods
Mice
Immune competent balb-c mice were used. The mice were
treated at the age of six to seven weeks and were housed in
well-ventilated lucite boxes with food and water ad libitum. The study was approved by the Malmö-Lund animal
ethics committee.
Irradiation
Total body irradiation was administered with a 6 MV photon beam from a medical linear accelerator at a dose rate
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of 3 Gy/min. The animals were treated five at a time in a
lucite box, specially designed for obtaining a homogenous total body dose (within ± 5%) and for gentle fixation
of the animals. Control animals were sham irradiated. The
time of radiation was defined as time point 0. The radiotherapy was given as a single fraction (0, 2.5, 5, 7.5, 10,
14, or 17 Gy) or as a split dose treatment with 2.5 Gy fractions delivered two or three times with six-hour intervals.
Five mice were treated at each radiation dose level.
5-FU and oxaliplatin
Both drugs were administered intraperitoneally. Single
doses of 5-FU (Mayne Pharma) 0-200 mg/kg and of oxaliplatin (Mayne Pharma) 0-10 mg/kg were administered
alone or in combination with radiotherapy. When combined, 5-FU was injected immediately followed by the
administration of oxaliplatin one hour prior to radiotherapy. Control animals were given saline injection instead
of chemotherapy. For each different dose level, five mice
were treated.
Microcolony assay
A microcolony survival assay [15] was used to analyze
crypt survival after treatment. Three days after radiotherapy or chemotherapy, the mice were killed by cervical dislocation and a 10 cm section of the jejunum was collected,
stretched and pinned to a cork plate to ease histological
preparation. Tissues were fixed immediately in 4% formalin with phosphate buffer and 10 transverse sections of
jejunum from each mouse were prepared and stained with
hematoxylin and eosin (H&E). These transverse sections
were analyzed microscopically, and a surviving colony
was defined as one demonstrating the presence of ten or
more well-stained cells in the section. The slides were analyzed by one observer (A.G.) in a blinded fashion.
Data analysis
The number of regenerating crypts/circumference was
counted for each section from each treated (t) or
untreated (control, c) animal. The surviving crypt fraction
was thus t/c and the proportion of crypts destroyed/transverse section was 1-t/c. Since ten transverse sections were
obtained from each mouse and five mice were used for
each treatment dose, each data point was composed of a
maximum of 50 observations. A linear regression was
done to estimate D0, i.e., the inverse of the slope of the
exponential part of the survival curve, for radiotherapy
alone and for the combinations of 5-FU and/or oxaliplatin with radiotherapy. The Mann-Whitney test was used to
compare crypt survival after single versus split-dose radiotherapy. All tests were two-sided and p-values < 0.05 were
considered statistically significant.
Experimental design
Four sets of experiments were performed as follows:
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1. The effect of radiation alone was studied at single doses
ranging from 0 - 17 Gy, with the purpose of describing the
dose-response relations in our experimental setting and
finding appropriate doses for the combined treatment
(step 3).
2. The effect of each drug alone, at different doses, was
studied to find suitable doses which produced moderate
and equal intestinal damage. These doses were then combined with radiation in the next step.
3. Single radiation fractions, ranging from 0 - 10 Gy, were
given alone, or in combination with equitoxic single
doses of 5-FU, oxaliplatin, or both drugs.
4. The same single doses of 5-FU and oxaliplatin were
combined with split dose radiation.

Results
A total of 265 mice were used in the study. Nineteen died
before histological analysis: radiation alone (n = 4), 5-FU
alone (n = 1), oxaliplatin alone (n = 6), radiation + 5-FU
(n = 2), radiation + oxaliplatin (n = 3), radiation + 5-FU +
oxaliplatin (n = 2) and 5-FU + oxaliplatin (n = 1) and thus
246 mice were available for crypt analysis. A total of 2206
transverse sections (mean 45 sections per data point) were
available for analysis.
Radiotherapy
The first radiation series with doses of 0, 5, 7.5, 10, 14 and
17 Gy is visualized in Fig. 1A. The surviving crypts per circumference decreased with increasing radiation doses
showing a dose-response relationship. D0 was calculated
using data points for doses from 5 - 17 Gy where the doseeffect curve was considered exponential. In this first experiment we found a D0 of 2.79 Gy (95% CI: 2.65 - 2.95). The
highest radiation doses of 14 - 17 Gy caused a near complete eradication of jejunal crypts (Fig. 1A). When planning the chemoradiation experiment, we assumed that
radiation doses of 14-17 Gy plus chemotherapy also
would lead to zero crypt count, and the highest radiation
doses were therefore omitted in the studies of combined
treatment. The result from the radiation alone experiment
with doses in the 0-10 Gy range is depicted in Fig. 1B,
demonstrating a D0 of 2.98 Gy (95% CI: 2.66 - 3.39).
Chemotherapy
5-FU administration decreased the surviving fraction of
crypts per circumference up to a dose of 150 mg/kg (Fig.
2A), followed by a further, slight increase in the mean
crypt level at the highest 5-FU dose (200 mg/kg). In order
to rule out a methodological error as an explanation for
this finding, these two 5-FU doses were reevaluated in a
separate experiment, which confirmed our original result,
although again with large error bars at this dose level.
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Increasing doses of oxaliplatin resulted in an essentially
linear decrease in the number of surviving crypts in the
dose range from 6 to 10 mg/kg (Fig. 2B).
Chemoradiation - single fraction radiation
The experiment described above (Fig. 2A-B) showed that
a 5-FU dose of 50 mg/kg and an oxaliplatin dose of 6 mg/
kg each had a modest and equal effect on the intestinal
crypts, and these doses were chosen for combination with
radiation.

The addition of 5-FU (Fig. 1C) or oxaliplatin (Fig. 1D) to
radiotherapy significantly decreased the number of surviving crypts per circumference as compared to radiation
alone. The D0 for radiation decreased from 2.98 Gy to
2.30 Gy (p = 0.001) and 2.27 Gy (p = 0.0003) when 5-FU
and oxaliplatin were added respectively.
The combination of both oxaliplatin and 5-FU with radiotherapy did not lead to any further decrease in D0 as
compared to the addition of each drug alone (Fig. 1E-F).
Split-dose radiotherapy
Splitting the radiation dose into two or three fractions
lead to significantly more surviving crypts per circumference as compared to the same total dose given in one fraction (Table 1), with the largest difference noted for 3 × 2.5
Gy compared to 7.5 Gy as a single treatment. Also when
adding chemotherapy, there were clearly more surviving
crypts with fractionated radiation compared to chemotherapy plus the same radiation dose given as a single
dose.

Discussion
This is to our knowledge the first study on chemoradiation-induced bowel mucosal damage in mice including
oxaliplatin. A dose relationship was confirmed between
radiation dose and crypt survival (Fig. 1A-B). Adding 5-FU
or oxaliplatin lead to a significant increase in jejunal crypt
damage, in terms of decreased D0, compared to radiation
alone (Fig. 1C-D). The co-administration of both drugs
did not further increase radiation induced mucosal damage (Fig. 1E). Fractionated radiation caused less mucosal
damage than the same total dose given as a single fraction.
This damage-sparing effect by fractionating the radiation
was retained also when chemotherapy was added (Table
1).
The initial part of our study aimed at determining the
mucosal injury caused by radiation alone. In the two
series using radiation doses up to 17 Gy and 10 Gy, we
found D0 values of 2.79 and 2.98, respectively, which is
higher than usually reported in the literature (typically in
the range 1-1.5 [16,17]). In those studies D0 was calculated at radiation doses ranging from around 9 - 14 Gy

Page 3 of 7
(page number not for citation purposes)

Radiation Oncology 2009, 4:61

http://www.ro-journal.com/content/4/1/61

A.

B.

1000

1000

RT

Crypts per circumference

Crypts per circumference

RT

100

D0=2.79 (2.65-2.95)
10

100

D0=2.98 (2.66-3.39)
10

1

1

0

2

4

6

8

10

12

14

16

18

0

2

4

6

8

Dose (Gy)

10

12

14

C.

1000

RT + oxa

Crypts per circumference

RT + 5FU

100

D0=2.30 (2.10-2.56)
10

100

D0=2.27 (2.08-2.49)
10

1

1

0

2

4

6

8

10

12

14

16

18

0

2

4

6

8

Dose (Gy)

10

12

14

16

18

Dose (Gy)

E.

F.

1000

1000
RT
RT + 5FU
RT + oxa
RT + 5FU + oxa

Crypts per circumference

RT + 5FU + oxa

Crypts per circumference

18

D.

1000

Crypts per circumference

16

Dose (Gy)

100

D0=2.28 (1.97-2.71)
10

1
0

2

4

6

8

10
Dose (Gy)

12

14

16

18

100

10

1
0

2

4

6

8

10

12

14

16

18

Dose (Gy)

Figure
The number
1 of surviving crypts per circumference and D0with 95% confidence interval after A
The number of surviving crypts per circumference and D0with 95% confidence interval after A. Radiotherapy (1st
experiment, 0-17 Gy), B. Radiotherapy (2nd experiment, 0-10 Gy), C. 5-FU + radiotherapy (0-10 Gy), D. Oxaliplatin + radiotherapy (0-10 Gy) and E. 5-FU + oxaliplatin + radiotherapy (0-10 Gy). F. Survival curves for all treatment combinations above
with separate data points removed for clarity. Each data point represents the mean in each group and the error bars 1 SD.
Oxaliplatin dose: 6 mg/kg, 5-FU dose: 50 mg/kg.
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ery may be the slightly shorter time span from treatment
to analysis compared to other similar studies [20].
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[17], compared to 5 Gy and higher in the present study.
Using only data points from 7.5 or 10 Gy and higher did
not significantly decrease the D0 in our study (data not
shown). One possible explanation for the inter-study discrepancies could be variations in inherent radiosensitivity
between different mouse strains [18]. Since radiation
doses of 14 to 17 Gy lead to a near complete eradication
of jejunal crypts, we chose to use only doses up to 10 Gy
in the combined chemoradiation experiments. Besides,
the aim of our study was not to determine the absolute D0
values but rather to investigate the relative impact on jejunal damage by adding 5-FU and oxaliplatin to radiation.
5-FU has been subjected to several previous studies using
murine models. The doses chosen for our experiments
have shown antitumoral efficacy with reasonable toxicity
in these studies [19]. We found that doses above 100 mg/
kg resulted in surviving fractions between 20 and 40%
(Fig. 2A), which indicates a stronger cytotoxic effect than
previous studies using the microcolony assay for 5-FU
[20]. One explanation for this lower clonogenic cell recov-

Regarding oxaliplatin, no previous studies have been published on its effect on jejunal clonogenic crypt survival,
neither alone nor in combination with radiotherapy. The
oxaliplatin doses tested, from 4 to 10 mg/kg, have previously been used in combination with radiotherapy in
xenografted mice and have shown antitumoral effect and
limited general toxicity [14]. Our study showed a slight to
moderate drop in jejunal crypt surviving fraction within
that dose range (Fig. 2B), when administering oxaliplatin
alone.
In the chemoradiation experiments we used chemotherapy doses that caused a low degree of mucosal damage on
their own. This principle is often applied also in the clinical setting. Despite these low doses we saw a significant
reduction of the D0 values by adding either of the two
drugs to radiation compared to radiation alone, which
indicates that both 5-FU and oxaliplatin may potentiate
radiation-induced mucosal damage. However, there was
no additional jejunal injury when both drugs were added
to radiation.
When treating patients with colorectal cancer, radiation
doses higher than 5 Gy per fraction are usually not used,
especially not in combination with chemotherapy. To better mimic the clinical situation, we investigated the effect
of fractionated radiation. Compared with 5 and 7.5 Gy as
a single dose, 2 and 3 × 2.5 Gy resulted in considerably
less jejunal damage (Table 1), indicating a substantial cellular recovery during the 6 h time span between radiation
fractions. The fact that there was no significant reduction
of crypt survival when chemotherapy was added to split
dose radiation, indicates that neither 5-FU nor oxaliplatin
seem to abolish the mucosal-sparing effect achieved by
fractionating the radiation. To elucidate this further a
larger study with graded fraction doses is needed where
alpha/beta values for these treatments can be calculated.
How do these results correlate to the clinical experience?
5-FU is known to cause mucositis, which can involve the
intestines and cause enteritis. Depending on the schedule
of administration, the frequencies of grade 3-4 diarrhea
were 3% and 7% for infusional and bolus regimens,
respectively, in a randomized trial [21].
For oxaliplatin as single treatment, a grade 3-4 diarrhea
frequency of 6% has been reported [22]. For radiotherapy,
the relationship between toxicity and radiation dose is
well known with the grade of diarrhea also correlated with
the irradiated volume of the small bowel [23,24]. Addition of 5-FU to radiotherapy has been shown in two randomized trials to increase the risk of enteritis [2,3]. Thus
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Table 1: Comparison of single versus split dose irradiation with
or without concomitant chemotherapy

Treatment

Crypt count (95% CI)

p-value

5 Gy

101 (99-103)

< 0.0001

2 × 2.5 Gy

114 (111-116)

5 Gy + 5-FU

80 (66-95)

2 × 2.5 Gy + 5-FU

102 (94-111)

5 Gy + oxa

101 (94-108)

2 × 2.5 Gy + oxa

102 (91-112)

5 Gy + 5-FU + oxa

88 (77-98)

2 × 2.5 Gy + 5-FU + oxa

93 (75-111)

7.5 Gy

54 (29-80)

3 × 2.5 Gy

99 (93-107)

7.5 Gy + 5-FU

39 (20-58)

3 × 2.5 Gy + 5-FU

95 (81-110)

7.5 Gy + oxa

23 (15-31)

3 × 2.5 Gy + oxa

91 (84-99)

7.5 Gy + 5-FU + oxa

29 (0-57)

< 0.0001

0.5

0.007

< 0.0001

multiple chemotherapy doses, more radiation fractions or
different mouse strains would have led to a further
decrease in D0 when combining both drugs with radiotherapy. The basis for this clonogenic assay is that the
regeneration of the bowel mucosa is dependent on its clonogenic stem cells. Therefore, the survival of these clonogens is likely to be a decisive factor in the repair of the
bowel after cytotoxic therapy. However, it is possible that
other factors, such as inflammation and bacterial disturbances, also may add to chemoradiation-induced enteritis
in the clinical situation.

Conclusion
In conclusion, the addition of 5-FU or oxaliplatin to radiotherapy lead to a similar decrease in jejunal crypt survival
for both drugs. Adding the drugs together with radiation
did not further increase the mucosal damage in this experimental setting.

Competing interests
The authors declare that they have no competing interests.

Authors' contributions

3 × 2.5 Gy + 5-FU + oxa

< 0.0001

All authors have contributed to the study design, data
analysis, manuscript drafting and revising and given final
approval of the version to be published.

< 0.0001

Acknowledgements

< 0.0001

This work was supported by grants from the Foundations of Lund's Health
District Organization and the Medical Faculty of Lund University, Sweden
and from the Cancer Research Foundation in Northern Sweden, University
of Umeå, Sweden.

97 (91-103)

5-FU dose = 50 mg/kg, oxaliplatin dose = 6 mg/kg
Abbreviations: oxa = oxaliplatin

Special thanks to Margaretha Olsson and Christina Boll for all help with
breeding and treating the animals and jejunal sample preparation.

References
1.

the radiosensitization observed for 5-FU and oxaliplatin
alone in the present study is in concordance with clinical
experience.
Whether the combination of both drugs synergistically
leads to considerable increase in bowel toxicity is not well
known, since no randomized trials on this issue have been
published yet. Several phase I and II studies on oxaliplatin-based chemoradiation have been performed [7-11],
yielding grade 3-4 diarrhea that seems slightly higher (1237%) than in protocols using only 5-FU or capecitabine
together with radiotherapy [2,3,25,26]. In our experimental setting there were no signs of additional radiosensitization when oxaliplatin was added to radiation and 5-FU
with identical D0 values (Fig. 1E-F) and no detrimental
effect on recovery (Table 1). Results from ongoing randomized trials will show whether this is true also in the
clinical setting. One cannot exclude that using higher or

2.

3.

4.

5.

Gerard J-P, Conroy T, Bonnetain F, Bouche O, Chapet O, ClosonDejardin M-T, Untereiner M, Leduc B, Francois E, Maurel J, Seitz JF,
Buecher B, Mackiewicz R, Ducreux M, Bedenne L: Preoperative
Radiotherapy With or Without Concurrent Fluorouracil and
Leucovorin in T3-4 Rectal Cancers: Results of FFCD 9203. J
Clin Oncol 2006, 24:4620-4625.
Bosset J-F, Collette L, Calais G, Mineur L, Maingon P, Radosevic-Jelic
L, Daban A, Bardet E, Beny A, Ollier J-C, Trial ERG: Chemotherapy
with Preoperative Radiotherapy in Rectal Cancer. N Engl J
Med 2006, 355:1114-1123.
Braendengen M, Tveit KM, Berglund A, Birkemeyer E, Frykholm G,
Pahlman L, Wiig JN, Bystrom P, Bujko K, Glimelius B: Randomized
Phase III Study Comparing Preoperative Radiotherapy With
Chemoradiation in Nonresectable Rectal Cancer. J Clin Oncol
2008, 26:3687-3694.
Andre T, Boni C, Mounedji-Boudiaf L, Navarro M, Tabernero J, Hickish T, Topham C, Zaninelli M, Clingan P, Bridgewater J, Tabah-Fisch I,
de Gramont A, Multicenter International Study of Oxaliplatin/5-Fluorouracil/Leucovorin in the Adjuvant Treatment of Colon Cancer
(MOSAIC) Investigators: Oxaliplatin, Fluorouracil, and Leucovorin as Adjuvant Treatment for Colon Cancer. N Engl J Med
2004, 350:2343-2351.
Giacchetti S, Perpoint B, Zidani R, Le Bail N, Faggiuolo R, Focan C,
Chollet P, Llory JF, Letourneau Y, Coudert B, Bertheaut-Cvitkovic F,
Larregain-Fournier D, Le Rol A, Walter S, Adam R, Misset JL, Lévi F:
Phase III Multicenter Randomized Trial of Oxaliplatin Added
to Chronomodulated Fluorouracil-Leucovorin as First-Line

Page 6 of 7
(page number not for citation purposes)

Radiation Oncology 2009, 4:61

6.

7.

8.

9.

10.

11.

12.
13.

14.

15.
16.
17.
18.

19.

20.
21.

22.

Treatment of Metastatic Colorectal Cancer. J Clin Oncol 2000,
18:136-47.
de Gramont A, Figer A, Seymour M, Homerin M, Hmissi A, Cassidy J,
Boni C, Cortes-Funes H, Cervantes A, Freyer G, Papamichael D, Le
Bail N, Louvet C, Hendler D, de Braud F, Wilson C, Morvan F, Bonetti
A: Leucovorin and Fluorouracil With or Without Oxaliplatin
as First-Line Treatment in Advanced Colorectal Cancer. J
Clin Oncol 2000, 18:2938-2947.
Chau I, Brown G, Cunningham D, Tait D, Wotherspoon A, Norman
AR, Tebbutt N, Hill M, Ross PJ, Massey A, Oates J: Neoadjuvant
Capecitabine and Oxaliplatin Followed by Synchronous
Chemoradiation and Total Mesorectal Excision in Magnetic
Resonance Imaging-Defined Poor-Risk Rectal Cancer. J Clin
Oncol 2006, 24:668-674.
Ryan DP, Niedzwiecki D, Hollis D, Mediema BE, Wadler S, Tepper JE,
Goldberg RM, Mayer RJ: Phase I/II Study of Preoperative Oxaliplatin, Fluorouracil, and External-Beam Radiation Therapy
in Patients With Locally Advanced Rectal Cancer: Cancer
and Leukemia Group B 89901. J Clin Oncol 2006, 24:2557-2562.
Machiels JP, Duck L, Honhon B, Coster B, Coche JC, Scalliet P,
Humblet Y, Aydin S, Kerger J, Remouchamps V, Canon JL, Van Maele
P, Gilbeau L, Laurent S, Kirkove C, Octave-Prignot M, Baurain JF,
Kartheuser A, Sempoux C: Phase II study of preoperative oxaliplatin, capecitabine and external beam radiotherapy in
patients with rectal cancer: the RadiOxCape study. Ann Oncol
2005, 16:1898-1905.
Rodel C, Grabenbauer GG, Papadopoulos T, Hohenberger W,
Schmoll H-J, Sauer R: Phase I/II Trial of Capecitabine, Oxaliplatin, and Radiation for Rectal Cancer. J Clin Oncol 2003,
21:3098-3104.
Gunnlaugsson A, Anderson H, Fernebro E, Kjellén E, Byström P, Berglund A, Ekelund M, Påhlman L, Holm T, Glimelius B, Johnsson A:
Multicentre phase II trial of capecitabine and oxaliplatin in
combination with radiotherapy for unresectable colorectal
cancer: The CORGI-L study. Eur J Cancer 2009, 45:807-813.
Kjellstrom J, Kjellen E, Johnsson A: In vitro radiosensitization by
oxaliplatin and 5-fluorouracil in a human colon cancer cell
line. Acta Oncol 2005, 44:687-693.
Folkvord S, Flatmark K, Seierstad T, Roe K, Rasmussen H, Ree AH:
Inhibitory effects of oxaliplatin in experimental radiation
treatment of colorectal carcinoma: does oxaliplatin improve
5-fluorouracil-dependent radiosensitivity?
Radiother Oncol
2008, 86:428-434.
Cividalli A, Ceciarelli F, Livdi E, Altavista P, Cruciani G, Marchetti P,
Danesi DT: Radiosensitization by oxaliplatin in a mouse adenocarcinoma: influence of treatment schedule. Int J Radiat Oncol
Biol Phys 2002, 52:1092-1098.
Withers H, Elkind M: Microcolony survival assay for cells of
mouse intestinal mucosa exposed to radiation. Int J Radiat Biol
1970, 17:261-267.
Cai W, Roberts S, Bowley E, Hendry J, Potten C: Differential survival of murine small and large intestinal crypts following
ionizing radiation. Int J Radiat Biol 1997, 71:145-155.
Potten CS, Hendry JH, Eds: Cell Clones: Manual of Mammalian
Cell Techniques. 1st edition. Churchill-Living- stone, Edinburgh;
1985.
Hanson W, Fry R, Sallese A, Frischer H, Ahmad T, Ainsworth E:
Comparison of intestine and bone marrow radiosensitivity
of the BALB/c and the C57BL/6 mouse strains and their
B6CF1 offspring. Radiat Res 1987, 110:340-352.
Saif M, von Borstel R: 5-Fluorouracil dose escalation enabled
with PN401 (triacetyluridine): toxicity reduction and
increased antitumor activity in mice. Cancer Chemother Pharmacol 2006, 58:136-142.
Moore JV: Clonogenic response of cells of murine intestinal
crypts to 12 cytotoxic drugs. Cancer Chemother Pharmacol 1985,
15:11-15.
de Gramont A, Bosset JF, Milan C, Rougier P, Bouche O, Etienne PL,
Morvan F, Louvet C, Guillot T, Francois E, Bedenne L: Randomized
trial comparing monthly low-dose leucovorin and fluorouracil bolus with bimonthly high-dose leucovorin and fluorouracil bolus plus continuous infusion for advanced colorectal
cancer: a French intergroup study.
J Clin Oncol 1997,
15:808-815.
Rothenberg ML, Oza AM, Bigelow RH, Berlin JD, Marshall JL, Ramanathan RK, Hart LL, Gupta S, Garay CA, Burger BG, Le Bail N, Haller

http://www.ro-journal.com/content/4/1/61

23.

24.

25.

26.

DG: Superiority of Oxaliplatin and Fluorouracil-Leucovorin
Compared With Either Therapy Alone in Patients With Progressive Colorectal Cancer After Irinotecan and Fluorouracil-Leucovorin: Interim Results of a Phase III Trial. J Clin
Oncol 2003, 21:2059-2069.
Gunnlaugsson A, Kjellén E, Nilsson P, Bendahl P-O, Willner J, Johnsson A: Dose-volume relationships between enteritis and irradiated bowel volumes during 5-fluorouracil and oxaliplatin
based chemoradiation in locally advanced rectal cancer. Acta
Oncol 2007, 46:937-944.
Baglan KL, Frazier RC, Yan D, Huang RR, Martinez AA, Robertson JM:
The dose-volume realationship of acute small bowel toxicity
from concurrent 5-FU-based chemotherapy and radiation
therapy for rectal cancer. Int J Radiat Oncol Biol Phys 2002,
52:176-183.
Grann A, Feng C, Wong D, Saltz L, Paty PP, Guillem JG, Cohen AM,
Minsky BD: Preoperative combined modality therapy for clinically resectable uT3 rectal adenocarcinoma. Int J Radiat Oncol
Biol Phys 2001, 49:987-995.
Sauer R, Becker H, Hohenberger W, Rodel C, Wittekind C, Fietkau
R, Martus P, Tschmelitsch J, Hager E, Hess CF, Karstens JH, Liersch
T, Schmidberger H, Raab R, German Rectal Cancer Study Group:
Preoperative versus Postoperative Chemoradiation for Rectal Cancer. N Engl J Med 2004, 351:1731-1740.

Publish with Bio Med Central and every
scientist can read your work free of charge
"BioMed Central will be the most significant development for
disseminating the results of biomedical researc h in our lifetime."
Sir Paul Nurse, Cancer Research UK

Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published immediately upon acceptance
cited in PubMed and archived on PubMed Central
yours — you keep the copyright

BioMedcentral

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

Page 7 of 7
(page number not for citation purposes)

