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Evaluation of the efficacy of 
chemotherapy with capecitabine and 
oxaliplatin in patients with disseminated 
colorectal cancer. The impact of primary 
cancer focus on treatment efficacy

ABSTRACT
Introduction. Colorectal cancer is an increasingly common cancer, and due to the possibility of using many drugs 

nd combination therapy, it bears the hallmarks of a chronic disease. Improving the quality of life is important.

Material and methods. The following analysis applies to the oxaliplatin and capecitabine (CAPOX) regimen in 

a group of 305 patients. This chemotherapy was used as part of palliative treatment lines I, II or III. 

Results. The work proved the effectiveness of the scheme despite the reduction of drug doses in about 50% of 

patients, and toxicity grade 3 was only present in 5% (grade 4 complications were not observed). The group of 

patients in which CAPOX was used as the first treatment line was considered representative, and the effectiveness 

of the treatment depending on the location of the primary tumour was evaluated. 

Conclusion. Differences in overall survival of patients after stratification were observed relative to the location 

of the primary tumour. Survival was longer in patients with left-sided primary tumour compared to right-sided 

localisation and was, respectively, 20.4 (95% CI, 17.5–23.4) and 12.1 months (95% CI, 10.5–13.8) (P = 0.014).
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Introduction

Palliative chemotherapy has been used in patients 
with generalised colorectal cancer (CRC) for many 
years. At the time of diagnosis, a generalised disease is 
found in approximately 15–20% of patients.

Even after radical surgery (R0 resection), ap-
proximately 50% of patients will develop metastatic 
lesions, including 30–35% having only liver metasta-
ses. In this cohort, 10–25% are eligible for surgical 
treatment, and 75–90% of patients will be offered 
palliative chemotherapy. The use of chemotherapy 
allows objective response to be obtained in 50% of 

cases in imaging tests, and extended progression-free 
survival (PFS) to 10 months and overall survival (OS) 
to 20–24 months [1].

In about 15–20% of patients, generalised colorectal 
cancer is an asymptomatic or slow-growing disease; 
therefore, aggressive treatment is not required [2]. It 
should be emphasised that the quality of life of patients 
receiving palliative treatment, apart from the toxicity of 
treatment, is significantly influenced by the frequency 
and length of hospitalisation.

Currently, an important argument in choosing a treat-
ment regimen is patients’ quality of life, which includes 
— among others — the frequency and route of drug admini-
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Table 1. Characteristics of patients in the observed group

Treatment line First-line treatment Second-line treatment Third-line treatment

Number of patients 222 66 17

Gender Male 
183 (60%)

Female 
122 (40%)

Age Mean Range  ≥ 65 years < 65 years

64.4 32–87 146 (48%) 159 (52%)

Prior adjuvant treatment YES 
139 (46%)

NO 
166 (54%)

WHO performance status 0–1 
278 (91%)

2
27 (9%)

stration. The generalised stage of colorectal cancer often 
requires lengthy treatment, and the use of oral medications 
significantly improves the comfort of such treatment. These 
regimens include: CAPOX, XELIRI, and capecitabine alone.

The CAPOX regimen includes capecitabine and 
oxaliplatin. Capecitabine is administered orally at a dose 
of 1000 mg/m2 twice daily for 14 days, and oxaliplatin 
is administered on the first day of the cycle at a dose 
of 130 mg/m2 as a two-hour intravenous infusion. The 
cycle is repeated every 21 days.

Nonetheless, the most common therapeutic option 
proposed for patients with stage IV colorectal cancer is 
systemic treatment, which improves the quality of life 
and often extends the survival. The most commonly used 
anticancer drugs (in monotherapy or multi-drug regimens) 
for colorectal cancer include fluorouracil, irinotecan, oxali-
platin, capecitabine, bevacizumab, aflibercept, cetuximab, 
panitumumab, and regorafenib. The main goal is to achieve 
the greatest effectiveness with the least toxicity of treatment.

A regimen containing a combination of capecitabine 
and oxaliplatin is used in the first-, second-, or third-line 
treatment, depending on the genetic characteristics.

Currently, the growing importance of primary tumour 
location in the biology of colorectal cancer is underlined. 
The location of the primary tumour on the right side is asso-
ciated with a worse prognosis. More and more publications 
are devoted to the impact of tumour location on response 
to targeted therapy with anti-epidermal growth factor re-
ceptor (EGFR) or anti-vascular endothelial growth factor 
(VEGF) antibodies, while there is little data on the effect 
of tumour location on the effectiveness of chemotherapy.

The aim of the study was to evaluate the effectiveness of 
chemotherapy with capecitabine and oxaliplatin in patients 
with generalised colorectal cancer and to compare treat-
ment results depending on the tumour’s original location.

Material and methods

We carried out a retrospective analysis of consecu-
tive patients diagnosed with generalised colorectal can-

cer treated at the Colon Cancer Clinic and the Gastro-
intestinal Cancer Clinic between March 2008 and April 
2011. The inclusion criteria included: histopathological 
diagnosis of colorectal adenocarcinoma, good general 
condition (WHO 0–2), locally advanced or metastatic 
colorectal cancer, the use of chemotherapy according to 
CAPOX scheme (I, II, or III line), and the presence of 
a measurable lesion. Table 1 presents the characteristics 
of 305 patients included in the analysis.

On average, six CAPOX cycles were used in each treat-
ment line. A retrospective analysis of response to CAPOX 
treatment was performed (including disease control rate 
[DCR], time to progression [TTP], and overall survival), 
taking into account dose reductions and treatment toxic-
ity. A retrospective analysis of clinical outcome in patients 
with metastatic colorectal cancer depending on the loca-
tion of the primary tumour was also made. This analysis 
included only the group of patients treated with the CA-
POX regimen in the first and second line of treatment.

Results

There were no statistically significant differences 
in disease control rates (DCR) between the analysed 
groups. In the entire study group, regardless of the treat-
ment line in which the CAPOX regimen was used, DCR 
was 75.9%; in individual lines: I — 77.3% (n = 167), II 
— 72.2% (n = 47), and III — 69.2% (n = 9) (P = 0.604).

Table 2 presents the distribution of response to the 
treatment according to the RECIST 1.1 criteria.

The median overall survival (OS) in the first-line 
treatment is 19.3 months (95% CI, 17.06–23.5), in the 
second-line treatment 14.2 (95% CI, 11.61–17.83), and 
in the third-line treatment 13.96 (95% CI, 11.78–16.73).

There was no grade 4 haematological or non-hae-
matological toxicity in the study group. Grade 3 leuko-
paenia and neutropaenia were only observed in patients 
receiving CAPOX regimen in third-line treatment (5.9% 
— grade 3 leukopaenia, 2.9% — grade 3 neutropaenia). 
A statistically significant difference in complications 
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Table 2. Assessment of response to treatment with the CAPOX regimen in individual treatment lines

Treatment line Complete response 
(%)

Partial response  
(%)

Stable disease  
(%)

Progressive disease 
(%)

First-line treatment 4.2 35.2 38 22.6

Second-line treatment 4.6 24.6 43.1 27.7

Third-line treatment 0 7.7 61.5 30.8

Table 3. Results of treatment of metastatic colorectal cancer with the CAPOX regimen (capecitabine + oxaliplatin) 
depending on the primary tumour location

Right side Left side Total

DCR (%) 68.3 76.7 74.7

Median PFS (months, 95% CI) 3.9 (3.4–4.5) 4.2 (3.9–4.5) 4.1 (3.9–4.4)

Median OS (months, 95% CI) 12.0 (10.0–14.0) 18.7 (16.4–21.1) 16.9 (14.9–18.8)

First-line mOS [(months, 95% CI) 12.1 (10.5–13.8) 20.4 (17.5–23.4) 19.3 (15.6–23.1)

Second-line mOS (months, 95% CI) 7.2 (6.2–8.2) 16.1 (12.0–20.1) 14.2 (11.3–17.1)

CI — confidence interval; DCR — disease control rate; OS — overall survival; PFS — progression-free survival

according to the treatment line was found only in case 
of leukopaenia after CAPOX used in third-line treat-
ment (P < 0.001). Grade 3 vomiting occurred in 0.9% of 
patients in first-line treatment and 1.5% in second-line. 
Grade 3 hand-foot syndrome was observed in 0.5% 
of patients in first-line treatment. Grade 3 sensory 
neuropathy was found in 2.8% of patients in first-line 
treatment and 3% in second-line treatment.

There was a statistically significant increase in the 
frequency of oxaliplatin dose reduction in subsequent 
treatment lines (I — 53.5%, II — 69.7%, III — 82.4%; 
P = 0.008) as well as drug withdrawal (I — 12.5%,  
II — 16.7%, III — 35.3%; P = 0.034). No similar differ-
ence was found for capecitabine, for which dose reduc-
tion rates were similar in all treatment lines (I — 56%, 
II — 66%, III — 58.8%).

The clinical benefit obtained in the study did not 
depend on the chemotherapy line in which CAPOX regi-
men was used in patients with stage IV colorectal cancer.

We did not observe any relationship between the 
results of CAPOX treatment and primary tumour lo-
cation in patients treated in the first line (Tab. 3). The 
percentage of patients achieving disease control was 
68.3% for right-sided and 74.7% for left-sided tumour 
location (p = 0.188).

Similarly, the median progression-free survival 
(PFS) did not differ and was for right-sided and 
left-sided location 3.9 (95% CI, 3.4–4.5) and 4.2 months 
(95% CI, 3.9–4.5; P = 0.443), respectively. Median PFS 
for the whole cohort was 4.1 months (95% CI, 3.9–4.4) 
and was shorter than in published randomised clinical 
trials for CAPOX regimen (7.1–10.3 months for CA-
POX in first-line treatment; 4.7 months for CAPOX in 
second-line treatment) [3, 4]. The reason for the differ-

ence between our results and data from clinical trials 
is uncertain, but it is probably due to patient selection 
for randomised trials.

Median OS in the study population was 16.9 months 
(95% CI, 14.9–18.8). This value is similar to the results 
obtained in randomised clinical trials, in which (de-
pending on the study) it was from 16.0 to 24.6 months, 
average 17–19 months [3, 4]. In one study with use of 
CAPOX regimen in second-line treatment the me-
dian OS was 11.9 months, compared to 14.2 months 
(95% CI, 11.3–17.0) in an analogous group in our  
population [6].

However, we observed a statistically significant 
difference in overall survival for patients stratified ac-
cording to the primary tumour location. If the tumour 
was located on the right side of the colon, the median 
OS was 12.1 months (95% CI, 10.5–13.8), compared 
to 20.4 months (95% CI, 17.5–23.4) for the disease 
with left-sided location (P = 0.014). In one retro-
spective study of patients with metastatic colorectal 
cancer receiving polychemotherapy without targeted 
drugs, results similar to ours were achieved: for right 
and left-sided disease the median OS was 13.0 and 
17.8 months, respectively [6].

Based on this data, it is difficult to determine 
whether this difference in OS is to any extent the result 
of differences in the effectiveness of CAPOX regimen 
in these two subgroups. It has been reported in many 
studies, however, that the difference in overall survival 
is certainly greatly influenced by the more aggressive 
course of right-sided colorectal cancers [7, 8]. Poorer 
prognosis of colorectal cancers located on the right side 
was also confirmed in the group of patients receiving 
CAPOX regimen in second-line treatment [9].



4

ONCOLOGY IN CLINICAL PRACTICE 2021, Vol. 17, No. 1

Discussion

Currently, there are many data related to the ef-
fectiveness and toxicity of chemotherapy, but it is worth 
emphasising the effectiveness of the CAPOX regimen 
with a significant dose reduction. No grade 4 toxicity was 
observed, and grade 3 only in 5% of patients.

Particularly interesting is the importance of primary 
tumour location in the biology of colorectal cancer, 
and this observation is discussed below. In this context 
right-sided tumours (proximal to the splenic flexure) 
and left-sided tumours (distal to this structure) are dis-
tinguished.

The biological explanation for differentiating these 
locations is, among others, distinct embryogenesis of 
right and left segments of the large intestine (developing 
from the middle and posterior intestine, respectively), 
separate vascularisation (superior and inferior mesen-
teric artery, respectively), and differences in the intesti-
nal microbiome and alternative carcinogenesis pathways 
occurring in these sections (right-sided cancers more 
often develop from serrated adenomas or traditional 
serrated polyps harbouring BRAF mutations and/or mi-
crosatellite instability; left-sided cancers typically evolve 
from classic adenomas with APC gene mutations) [8].

The distinction between these locations of colorec-
tal cancers also has great prognostic justification. The 
results of several studies and meta-analyses indicate 
that cancers located on the left side have a lower risk 
of death (relative risk in the large meta-analysis 0.82, 
95% CI 0.79–0.84) regardless of the presence of other 
prognostic factors (e.g. clinical stage, chemotherapy, 
cancer histology, and BRAF mutation) [8]. Attention 
is also paid to the predictive significance of primary 
tumour location, which can be of great importance when 
choosing the method of palliative therapy. In patients 
with left-sided tumours, unequivocal benefit from using 
anti-EGFR antibodies (e.g. cetuximab, panitumumab) 
has been proven; in turn, in patients with a primary 
tumour located on the right side, the use of anti-VEGF 
antibodies (e.g. bevacizumab) is preferred [11].

Unfortunately, there are very little data available on 
the impact of colorectal cancer location on response to 
chemotherapy, including fluoropyrimidines. Based on 
experimental data, it appears that fluorouracil may be 
more active in right-sided cancers due to the higher 
expression of thymidine phosphorylase and lower ex-
pression of gamma-glutamyl hydrolase, which promotes 
higher folic acid levels in cancer cells and higher fluoro-
pyrimidine cytotoxicity [12]. Thymidine phosphorylase 
is also required to convert the prodrug capecitabine to 
the active form, fluorouracil [13]; thus, it appears that 
a higher level of this enzyme in right-sided tumours [14] 
may contribute to higher capecitabine activity. However, 
there is no direct evidence confirming this hypothesis.

The negative prognostic value of right-side location 
of colorectal cancer persists regardless of the treat-
ment used [6, 7]. This does not mean, however, that 
patients with right-sided tumours do not benefit from 
chemotherapy; probably the opposite is true: in stage III 
cancers, adjuvant treatment with fluorouracil or capecit-
abine with oxaliplatin has a relatively greater benefit in 
terms of disease-free survival (DFS) in patients with 
right-sided cancer [15, 16].

Unfortunately, there are also scarce data on the 
impact of tumour location on chemotherapy results 
for stage IV cancers. In one study, Negri et al. did not 
observe differences in objective response rate (ORR) 
between originally left- and right-sided cancers during 
treatment with fluorouracil alone or in combination 
with mitomycin and interferon, although right-sided 
location was associated with 1.6-times higher risk of 
death [17].

In the FIRE-1 study comparing FuFIRI (irinotecan, 
fluorouracil infusion, leucovorin) and mIROX (irinote-
can, oxaliplatin) regimens in the first-line treatment, 
it was found that using the FuFIRI regimen leads to 
a higher ORR in patients with primary left-sided tumour 
(33% and 47% for right-sided and left-sided cancer, 
respectively); however, such differences were not ob-
served for the mIROX regimen (ORR 40% for both 
locations) [18]. A tendency towards longer OS was also 
observed when the FuFIRI scheme was used for left-side 
primary tumour location and the mIROX scheme for 
right-sided cancer, but these results did not reach statisti-
cal significance [18]. Unfortunately, there are no such 
studies for chemotherapy regimens currently most com-
monly used in first- and second-line palliative treatment 
(FOLOX/CAPOX, FOLFIRI/XELIRI), especially tak-
ing into consideration the fact that these regimens are 
nowadays frequently associated with biological drugs 
for which the location of the primary tumour is a strong 
predictive factor (i.e. as described above).

An additional issue is the molecular differences 
between right- and left-sided cancers, which can affect 
the response to chemotherapy. Particularly important 
are the differences in the occurrence of microsatellite 
instability-high (MSI-H) and BRAF gene mutations, 
which are more frequent in cancers originally located 
on the right side. In the presence of BRAF gene muta-
tion (18.4–22.4% of right-sided cancers and 1.3–7.8% 
of left-sided cancers), which is a poor prognostic factor, 
patients do not benefit significantly from chemotherapy 
with fluoropyrimidine, oxaliplatin, or irinotecan [19–22]. 
In turn, the presence of MSI-H, which is typical for spo-
radic BRAF mutant cancers (52% of patients with BRAF 
mutation also indicate MSI-H), are found in about 5% 
of metastatic colorectal cancers, almost exclusively 
right-sided [7]. Tumours with MSI-H are characterised 
by markedly reduced sensitivity to fluoropyrimidines, 
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as seen in preclinical studies [22, 23] and confirmed in 
a number of clinical studies [24–27]. Similarly, the lack 
of efficacy of fluoropyrimidines is observed in CpG 
island methylator phenotype (CIMP) cancers, and this 
is typical for sporadic MSI-H cancers and in cancers 
of mucocellular histology, which is a manifestation of 
MSI-H presence [7, 28]. In summary, primary right-sided 
cancers show a number of molecular features such as 
MSI-H, CIMP, and BRAF mutations that promote 
resistance to fluorouracil and capecitabine. Molecular 
aberrations responsible for reduced effectiveness of 
fluoropyrimidines are found in the absolute minority 
of right-sided cancers. It remains an open question to 
what extent these relationships can be extrapolated to 
all right-sided colorectal cancers.

Conflict of interest

The authors report no conflicts of interest.

References

1. Lidia Sc, Meyerhardt J, Winkfield KI, et al. Winkfield K. Colorectal 
cancer: symptoms and signs cancer.net. Editorial Board. 2018; 11.

2. Seufferlein T, Ahn J, Krndija D, et al. Tumor biology and cancer thera-
py - an evolving relationship. Cell Commun Signal. 2009; 7: 19, doi: 
10.1186/1478-811X-7-19, indexed in Pubmed: 19678929.

3. Arkenau HT, Arnold D, Cassidy J, et al. Efficacy of oxaliplatin plus 
capecitabine or infusional fluorouracil/leucovorin in patients with me-
tastatic colorectal cancer: a pooled analysis of randomized trials. J 
Clin Oncol. 2008; 26(36): 5910–5917, doi: 10.1200/JCO.2008.16.7759, 
indexed in Pubmed: 19018087.

4. Guo Yu, Xiong BH, Zhang T, et al. XELOX vs. FOLFOX in metastatic 
colorectal cancer: An updated meta-analysis. Cancer Invest. 2016; 
34(2): 94–104, doi: 10.3109/07357907.2015.1104689, indexed in 
Pubmed: 26864862.

5. Rothenberg ML, Cox JV, Butts C, et al. Capecitabine plus oxaliplatin 
(XELOX) versus 5-fluorouracil/folinic acid plus oxaliplatin (FOLFOX-4) 
as second-line therapy in metastatic colorectal cancer: a  randomized 
phase III noninferiority study. Ann Oncol. 2008; 19(10): 1720–1726, doi: 
10.1093/annonc/mdn370, indexed in Pubmed: 18550577.

6. Shida D, Tanabe T, Boku N, et al. Prognostic Value of Primary Tumor Si-
dedness for Unresectable Stage IV Colorectal Cancer: A Retrospective 
Study. Ann Surg Oncol. 2019; 26(5): 1358–1365, doi: 10.1245/s10434-
019-07209-x, indexed in Pubmed: 30719633.

7. Shen H, Yang J, Huang Q, et al. Different treatment strategies and mole-
cular features between right-sided and left-sided colon cancers. World 
J Gastroenterol. 2015; 21(21): 6470–6478, doi: 10.3748/wjg.v21.
i21.6470, indexed in Pubmed: 26074686.

8. Lee MS, Menter DG, Kopetz S. Right versus left colon cancer biology: 
integrating the consensus molecular subtypes. J Natl Compr Canc 
Netw. 2017; 15(3): 411–419, doi: 10.6004/jnccn.2017.0038, indexed 
in Pubmed: 28275039.

9. Petrelli F, Tomasello G, Borgonovo K, et al. Prognostic survival asso-
ciated with left-sided vs right-sided colon cancer: a systematic review 
and meta-analysis. JAMA Oncol. 2017; 3(2): 211–219, doi: 10.1001/ja-
maoncol.2016.4227, indexed in Pubmed: 27787550.

10. Loupakis F, Yang D, Yau L, et al. Primary tumor location as a prognostic 
factor in metastatic colorectal cancer. J Natl Cancer Inst. 2015; 107(3), 
doi: 10.1093/jnci/dju427, indexed in Pubmed: 25713148.

11. Holch JW, Ricard I, Stintzing S, et al. The relevance of primary tumour 
location in patients with metastatic colorectal cancer: A meta-analysis 
of first-line clinical trials. Eur J Cancer. 2017; 70: 87–98, doi: 10.1016/j.
ejca.2016.10.007, indexed in Pubmed: 27907852.

12. Gallois C, Pernot S, Zaanan A, et al. Colorectal cancer: why does side 
matter? Drugs. 2018; 78(8): 789–798, doi: 10.1007/s40265-018-0921-7, 
indexed in Pubmed: 29790124.

13. Meropol NJ, Gold PJ, Diasio RB, et al. Thymidine phosphorylase 
expression is associated with response to capecitabine plus irino-
tecan in patients with metastatic colorectal cancer. J Clin Oncol. 
2006; 24(25): 4069–4077, doi: 10.1200/JCO.2005.05.2084, indexed 
in Pubmed: 16943524.

14. Sadahiro S, Suzuki T, Tanaka A, et al. Association of right-sided tumors 
with high thymidine phosphorylase gene expression levels and the 
response to oral uracil and tegafur/leucovorin chemotherapy among 
patients with colorectal cancer. Cancer Chemother Pharmacol. 2012; 
70(2): 285–291, doi: 10.1007/s00280-012-1909-8, indexed in Pubmed: 
22752215.

15. Elsaleh H, Joseph D, Grieu F, et al. Association of tumour site and 
sex with survival benefit from adjuvant chemotherapy in colorectal 
cancer. Lancet. 2000; 355(9217): 1745–1750, doi: 10.1016/S0140-
6736(00)02261-3, indexed in Pubmed: 10832824.

16. Peng J, Li C, Wang F, et al. Right- and left-sided stage III colon cancers 
present different prognostic outcomes of oxaliplatin-based adjuvant 
chemotherapy after curative resection. Cancer Manag Res. 2018; 
10: 2095–2103, doi: 10.2147/CMAR.S163520, indexed in Pubmed: 
30140160.

17. Negri FV, Wotherspoon A, Cunningham D, et al. Mucinous histology 
predicts for reduced fluorouracil responsiveness and survival in ad-
vanced colorectal cancer. Ann Oncol. 2005; 16(8): 1305–1310, doi: 
10.1093/annonc/mdi244, indexed in Pubmed: 15857840.

18. Modest DP, Schulz C, von Weikersthal LF, et al. Outcome of patients 
with metastatic colorectal cancer depends on the primary tumor site 
(midgut vs. hindgut): analysis of the FIRE1-trial (FuFIRI or mIROX as 
first-line treatment). Anticancer Drugs. 2014; 25(2): 212–218, doi: 
10.1097/CAD.0000000000000041, indexed in Pubmed: 24201305.

19. Morris V, Overman MJ, Jiang ZQ, et al. Progression-free survival 
remains poor over sequential lines of systemic therapy in patients 
with BRAF-mutated colorectal cancer. Clin Colorectal Cancer. 2014; 
13(3): 164–171, doi: 10.1016/j.clcc.2014.06.001, indexed in Pubmed: 
25069797.

20. Murcia O, Juárez M, Rodríguez-Soler M, et al. Colorectal cancer mo-
lecular classification using BRAF, KRAS, microsatellite instability and 
CIMP status: Prognostic implications and response to chemotherapy. 
PLoS One. 2018; 13(9): e0203051, doi: 10.1371/journal.pone.0203051, 
indexed in Pubmed: 30188916.

21. Goldstein J, Tran B, Ensor J, et al. Multicenter retrospective analysis 
of metastatic colorectal cancer (CRC) with high-level microsatellite in-
stability (MSI-H). Ann Oncol. 2014; 25(5): 1032–1038, doi: 10.1093/an-
nonc/mdu100, indexed in Pubmed: 24585723.

22. Carethers JM, Chauhan DP, Fink D, et al. Mismatch repair proficiency 
and in vitro response to 5-fluorouracil. Gastroenterology. 1999; 117(1): 
123–131, doi: 10.1016/s0016-5085(99)70558-5, indexed in Pubmed: 
10381918.

23. Meyers M, Wagner MW, Hwang HS, Kinsella TJ, Boothman DA. Role 
of the hMLH1 DNA mismatch repair protein in fluoropyrimidine-me-
diated cell death and cell cycle responses. Cancer Research 2001; 
61: 5193–5201.

24. Ribic CM, et al. Tumor microsatellite-instability status as a predictor 
of benefit from fluorouracil-based adjuvant chemotherapy for colon 
cancer. The New England Journal of Medicine 2003; 349: 247–257.

25. Sargent DJ, et al. Defective mismatch repair as a predictive marker for 
lack of efficacy of fluorouracil-based adjuvant therapy in colon cancer. 
Journal of Clinical Oncology 2010; 28: 3219–3226.

26. Carethers JM, et al. Use of 5-fluorouracil and survival in patients with 
microsatellite-unstable colorectal cancer. Gastroenterology 2004; 
126: 394–401.

27. Jover R, et al. Mismatch repair status in the prediction of benefit from 
adjuvant fluorouracil chemotherapy in colorectal cancer. Gut 2006; 
55: 848–855.

28. Jover R, et al. 5-Fluorouracil adjuvant chemotherapy does not increase 
survival in patients with CpG island methylator phenotype colorectal 
cancer. Gastroenterology 2011; 140: 1174–1181.

http://dx.doi.org/10.1186/1478-811X-7-19
https://www.ncbi.nlm.nih.gov/pubmed/19678929
http://dx.doi.org/10.1200/JCO.2008.16.7759
https://www.ncbi.nlm.nih.gov/pubmed/19018087
http://dx.doi.org/10.3109/07357907.2015.1104689
https://www.ncbi.nlm.nih.gov/pubmed/26864862
http://dx.doi.org/10.1093/annonc/mdn370
https://www.ncbi.nlm.nih.gov/pubmed/18550577
http://dx.doi.org/10.1245/s10434-019-07209-x
http://dx.doi.org/10.1245/s10434-019-07209-x
https://www.ncbi.nlm.nih.gov/pubmed/30719633
http://dx.doi.org/10.3748/wjg.v21.i21.6470
http://dx.doi.org/10.3748/wjg.v21.i21.6470
https://www.ncbi.nlm.nih.gov/pubmed/26074686
http://dx.doi.org/10.6004/jnccn.2017.0038
https://www.ncbi.nlm.nih.gov/pubmed/28275039
http://dx.doi.org/10.1001/jamaoncol.2016.4227
http://dx.doi.org/10.1001/jamaoncol.2016.4227
https://www.ncbi.nlm.nih.gov/pubmed/27787550
http://dx.doi.org/10.1093/jnci/dju427
https://www.ncbi.nlm.nih.gov/pubmed/25713148
http://dx.doi.org/10.1016/j.ejca.2016.10.007
http://dx.doi.org/10.1016/j.ejca.2016.10.007
https://www.ncbi.nlm.nih.gov/pubmed/27907852
http://dx.doi.org/10.1007/s40265-018-0921-7
https://www.ncbi.nlm.nih.gov/pubmed/29790124
http://dx.doi.org/10.1200/JCO.2005.05.2084
https://www.ncbi.nlm.nih.gov/pubmed/16943524
http://dx.doi.org/10.1007/s00280-012-1909-8
https://www.ncbi.nlm.nih.gov/pubmed/22752215
http://dx.doi.org/10.1016/S0140-6736(00)02261-3
http://dx.doi.org/10.1016/S0140-6736(00)02261-3
https://www.ncbi.nlm.nih.gov/pubmed/10832824
http://dx.doi.org/10.2147/CMAR.S163520
https://www.ncbi.nlm.nih.gov/pubmed/30140160
http://dx.doi.org/10.1093/annonc/mdi244
https://www.ncbi.nlm.nih.gov/pubmed/15857840
http://dx.doi.org/10.1097/CAD.0000000000000041
https://www.ncbi.nlm.nih.gov/pubmed/24201305
http://dx.doi.org/10.1016/j.clcc.2014.06.001
https://www.ncbi.nlm.nih.gov/pubmed/25069797
http://dx.doi.org/10.1371/journal.pone.0203051
https://www.ncbi.nlm.nih.gov/pubmed/30188916
http://dx.doi.org/10.1093/annonc/mdu100
http://dx.doi.org/10.1093/annonc/mdu100
https://www.ncbi.nlm.nih.gov/pubmed/24585723
http://dx.doi.org/10.1016/s0016-5085(99)70558-5
https://www.ncbi.nlm.nih.gov/pubmed/10381918

