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Abstract. Comparison of the costs of capecitabine plus 
oxaliplatin (CapeOX) with that of FOLFOX6 (5‑f luo-
rouracil/leucovorin [LV] + oxaliplatin) as an adjuvant 
chemotherapy for stage II or III colorectal cancer has previ-
ously been reported. However, there are no reports comparing 
uracil and tegafur (UFT)/LV with capecitabine. Therefore, the 
current study compared the costs of adjuvant chemotherapy 
regimens including CapeOX, FOLFOX6, capecitabine and 
UFT/LV. The costs of chemotherapeutic drugs and for the 
prevention and treatment of adverse events were evaluated, as 
these account for the bulk of the treatment costs. Costs were 
expressed in Japanese Yen (US dollars). The mean costs of 
the chemotherapeutic drugs per patient, for an entire course 
of treatment, were ¥882,632 ($8,406) for UFT/LV, ¥353,290 
($3,365) for capecitabine, ¥1,436,218 ($13,678) for FOLFOX6 
and ¥1,255,630 ($11,958) for CapeOX. The mean costs asso-
ciated with adverse events per patient were ¥2,210 ($21) for 
UFT/LV, ¥6,749 ($64) for capecitabine, ¥173,432 ($1,652) for 
FOLFOX6 and ¥107,430 ($1,023) for CapeOX. Therefore, the 
capecitabine regimen contributes to reducing costs for the 
management of patients with colorectal cancer who have had 
surgery.

Introduction

Colorectal cancer is the second most frequent malignancy 
and the second leading cause of cancer‑associated mortality 
in Japan, in 2014. Over 125,000 patients are diagnosed with 
colorectal cancer and approximately 48,000 mortalities attrib-
uted to this neoplasm are recorded every year (1).

Postoperative provision of adjuvant chemotherapy has 
been a standard approach in the management of patients with 
colorectal cancer, in light of evidence from clinical studies 
indicating that it reduces the risk of tumor recurrence and 
mortality (2,3).

The MOSAIC trial identified that, for adjuvant chemo-
therapy of stage  II or III colon cancer, 5‑f luorouracil 
(5‑FU)/leucovorin (LV) + oxaliplatin (FOLFOX4) led 
to a significantly improved 5‑year disease‑free survival 
(73.3%) and 6‑year overall survival (75.8%) than 5‑FU/LV 
(67.4 and 76.0%, respectively) (4). The subsequent NO16968 
trial also found that, in patients with stage III colon cancer, 
capecitabine + oxaliplatin (CapeOX) produced a significantly 
improved 3‑year disease‑free survival rate (70.9%) and 
5‑year overall survival rate (77.6%) compared with 5‑FU/LV 
(66.5 and 74.2%, respectively) (5).

The National Surgical Adjuvant Breast and Bowel Project 
protocol C‑06 found that uracil and tegafur (UFT)/LV regimen 
achieved similar disease‑free survival and overall survival 
when compared with 5‑FU/LV regimen  (6). Disease‑free 
survival in the capecitabine regimen was at least equivalent 
to that in the 5‑FU/LV regimen (7). UFT/LV and capecitabine 
are, therefore, an effective alternative to 5‑FU/LV in the adju-
vant treatment of colon cancer.

The conclusions of the clinical trials outlined above 
resulted in the recommendation of 5‑FU/LV, CapeOX, 
FOLFOX, UFT/LV and capecitabine as options for the stan-
dard adjuvant chemotherapy treatment in the Japanese colon 
cancer treatment guidelines (8). However, despite the proven 
efficacy of the treatment, expenditure in drugs has recently 
become a great concern.

In recent years, studies of treatment cost‑effectiveness 
found that CapeOX had superior cost‑effectiveness, compared 
with FOLFOX6 (9‑11). However, to the best of our knowl-
edge, there have been no studies comparing UFT/LV with 
capecitabine.

The aim of the current study was to investigate the 
drug‑associated costs of treatment for CapeOX as compared 
with FOLFOX6, and for capecitabine as compared with 
UFT/LV in adjuvant chemotherapy of patients with colorectal 
cancer, assuming equal efficacy of those treatments. The 
present study also evaluated whether capecitabine may 
become the drug regimen of choice for adjuvant chemotherapy 
of colorectal cancer.
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Patients and methods

Patients. Patients were identified from the medical records 
of the Ogaki Municipal Hospital, (Ogaki, Japan). The study 
was approved by the institutional Ethics Committee of the 
hospital. The inclusion criteria were that the patients were 
diagnosed with colorectal cancer stage II or III following R0 
resection, and received adjuvant chemotherapy during the 
period between January 2013 and December 2014. Patients 
were excluded if they did not begin the first cycle of adjuvant 
chemotherapy within 2 months of radical surgery or if there 
were serious underlying medical conditions.

Treatments. The CapeOX regimen consisted of a 2‑h intra-
venous infusion of 130  mg/m2 oxaliplatin on day 1 and 
1000  mg/m2 oral capecitabine twice daily (morning and 
evening, within 30 min of last meal) on days 1 to 14 of a 3‑week 
cycle for eight cycles. The FOLFOX6 regimen comprised a 2‑h 
infusion of 200 mg/m2 LV and 85 mg/m2 oxaliplatin, a bolus 
of 400 mg/m2 5‑FU, and then a 46‑h continuous infusion of 
2400 mg/m2 5‑FU repeated every 14 days for twelve cycles. 
Capecitabine was administered orally at a dose of 1250 mg/m2 
twice daily, 14 days on/7 days off, for eight cycles. The UFT/LV 
regimen included 5‑week cycle consisting of 4 weeks of oral 
chemotherapy followed by a 1‑week rest period. UFT and LV 
were administered at doses of 300 mg/m2 and 75 mg, respec-
tively. The daily doses of UFT and LV were divided into three 
doses administered 8 h apart and taken with water. Patients 
were instructed to avoid food consumption 1 h prior to and 
following each dose.

Costs. The costs of the chemotherapeutic drugs and the costs 
for prevention and treatment of the adverse events associated 
with the drug regimens were investigated. Only drug costs 
were investigated as they form the bulk of the costs of chemo-
therapy, and the costs of medical examinations and laboratory 

tests between regimens are similar. Cost analysis was based 
on the Japanese drug tariff, for the year 2016. Costs were 
expressed in Japanese Yen (US dollars) using the yen/dollar 
exchange rate of ¥105 to $1.

Statistical methods. The dose intensity was calculated as 
the total dose divided by the duration of dosing, while the 
planned dose intensity was calculated as the planned dose 
divided by the planned duration of dosing. The relative dose 
intensity (RDI) was calculated as (dose intensity/planned dose  
intensity)x100.

Adverse events were evaluated according to the National 
Cancer Institute Common Terminology Criteria for Adverse 
Events Version 4.0 (12).

One‑way analysis of variance was used for the age analysis 
of clinical characteristics. The Tukey‑Kramer post hoc test 
was used. The χ2 test was used for the analysis of sex, primary 
tumor site and disease stage. The student's t‑test was used 
for inter‑group comparisons of treatment completion rates 
and costs. The Fisher's exact test was used for analyzing the 
incidence of adverse events. All statistical analyses were 
performed with EZR (v1.30, Saitama Medical Center, Jichi 
Medical University, Saitama, Japan), which is a graphical user 
interface for R (The R Foundation for Statistical Computing, 
Vienna, Austria) (13). P<0.05 was considered to indicate a 
statistically significant difference.

Results

Patient characteristics. There were 42  patients in the 
UFT/LV regimen group, 13  patients in the capecitabine 
group, 8 patients in the FOLFOX6 group and 41 patients in 
the CapeOX group. The baseline characteristics were similar 
in the four groups (Table I). The median number of treatment 
cycles received was 5 (range, 1‑6) in the UFT/LV group, 8 
(range, 1‑9) in the capecitabine group, 12 (range, 2‑12) in the 

Table I. Patient characteristics.

	 UFT+LV	 Capecitabine	 FOLFOX6	 CapeOX
	 (n=42)	 (n=13)	 (n=8)	 (n=41)

Age (range), years	 72 (45‑83)	 71 (51‑79)	 66 (47‑72)	 62 (41‑76)
Sex (male/female)	 21/21	 7/6	 6/2	 22/19
Primary tumor sitea

  Cecum	 5	 1	 0	 2
  Colon	 24	 9	 4	 27
  Rectum	 15	 4	 4	 14
Disease stage	
  II	 12	 3	 0	 1
  IIIa	 10	 5	 5	 15
  IIIb	 16	 4	 2	 21
  IIIc	 4	 1	 1	 4
Treatment cycles	 5 (1‑6)	 8 (1‑9)	 12 (2‑12)	 8 (2‑8)

aDuplications are present. UFT, uracil and tegafur; LV, leucovorin; FOLFOX6, 5‑fluorouracil/leucovorin plus oxaliplatin; CapeOX, capecitabine 
plus oxaliplatin.
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FOLFOX6 group, and 8 (range, 2‑8) in the group of patients 
receiving the CapeOX regimen. The recorded reasons for 
stopping the UFT/LV treatment were diarrhea, hepatic 
dysfunction and a recurrence. In the capecitabine regimen 
group, the reasons were hand‑foot syndrome and a protrac-
tion of a hepatic dysfunction diagnosed prior to the treatment 
start. In one case, the patient was switched to the UFT/LV 
regimen after developing hand‑foot syndrome. Peripheral 
neuropathy was the main reason reported for discontinuing 
treatment in the FOLFOX6 group, while diarrhea, nausea, 
vomiting and protracted myelosuppression were all reported 
in the CapeOX group. Treatment completion rates and 
median relative dose intensities are depicted for all groups 
in Table II.

Costs. The mean costs of chemotherapeutic drugs per patient, 
for an entire course of treatment, were ¥882,632 ($8,406) 
for UFT/LV, ¥353,290 ($3,365) for capecitabine, ¥1,436,218 
($13,678) for FOLFOX6, and ¥1,255,630 ($11,958) for CapeOX 
(Table III). The mean costs associated with adverse events per 

patient, for an entire course of treatment, were ¥2,210 ($21) for 
UFT/LV, ¥6,749 ($64) for capecitabine, ¥173,432 ($1,652) for 
FOLFOX6 and ¥107,430 ($1,023) for CapeOX (Table III).

The chemotherapeutic drug cost of capecitabine was 40.0% 
lower than that of UFT/LV, per patient. The costs associated 
with adverse events for capecitabine were 3 times higher than 
those for UFT/LV. Overall, capecitabine had significantly 
lower costs, compared with UFT/LV (P<0.01).

The chemotherapeutic drug cost of CapeOX was 87.4% 
lower than that of FOLFOX6, per patient. In this hospital, the 
FOLFOX6 regimen uses innovator drugs, but generic drugs 
are used for LV, oxaliplatin and 5‑FU. When the innovator 
drugs are replaced with generic drugs, the chemotherapeutic 
drug costs of the FOLFOX6 and CapeOX regimens per patient 
were ¥825,124 ($7,858) and ¥830,351 ($7,908), respectively. 
Therefore, there is no observable difference in the chemo-
therapeutic drug costs between these two drug regimens. The 
costs associated with adverse events for the CapeOX regimen 
were 61.9% lower, compared with the costs of the FOLFOX6 
regimen.

Table II. Treatment completion rate and median relative dose intensities.

		  Treatment completion rate	
	 N	 (%)	 Relative dose intensity(%)

UFT+LV	 42	 73.8	 UFT	 96.2 (65.4‑100)
			   LV	 99.5 (69.4‑100)
Capecitabine	 13	 69.2	 Capecitabine	 92.3 (70.8‑100)
FOLFOX6	   8	 75.0	 L‑OHP	 77.3 (60.9‑97.1)
			   5‑FU	 74.0 (60.9‑97.1)
CapeOX	 41	 75.6	 Capecitabine	 88.9 (41.4‑100)
			   L‑OHP	 86.5 (36.4‑100)

UFT, uracil and tegafur; LV, leucovorin; FOLFOX6, 5‑fluorouracil/leucovorin plus oxaliplatin; CapeOX, capecitabine plus oxaliplatin; 5‑FU, 
5‑fluorouracil; L‑OHP, oxaliplatin.

Table III. Per‑patient costs for 6 months.

		  Chemotherapeutic 			   Adverse
		  drugs costs of the	 Chemotherapeutic		  event‑associated
		  patient of 1.5 m2 	 drugs costs		  related costs
		  body‑surface area	 [yen ± SD 		   [yen ± SD
	 N	 [yen (US dollars)]	 (US dollars ± SD)]	 P‑value	 (US dollars ± SD)]	 P‑value

UFT+LV	 42	 1,133,608	 882,632±345,411	 <0.01	 2,210±4,071	 <0.01
		  (10,796)	 (8,406±3,290)		  (21±39)
Capecitabine	 13	 484,512	 353,290±164,628		  6,749±7,669
		  (4,614)	 (3,365±1,568)		  (64±73)
FOLFOX6	   8	 1,690,680	 1,436,218±478,182	 0.36	 173,432±58,486	 0.02
		  (16,102)	 (13,678±4,554)		  (1,652±557)
CapeOX	 41	 1,467,680	 1,255,630±515,045		  107,430±48,246
		  (13,978)	 (11,958±4,905)		  (1,023±459)

The student's t‑test was used to calculate P‑values. UFT, uracil and tegafur; LV, leucovorin; FOLFOX6, 5‑fluorouracil/leucovorin plus oxali-
platin; CapeOX, capecitabine plus oxaliplatin; SD, standard deviation.
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Adverse events. Treatment‑related adverse events were 
documented in 95.2% of the patients in the UFT/LV group 
(grade 3/4, 14.3%), 92.3% of the patients in the capecitabine 
group (grade 3/4, 7.7%), 87.5% of the patients in the FOLFOX6 
group (grade 3/4, 50.0%) and 100% of the patients in the 
CapeOX group (grade  3/4, 41.5%) (Table  IV). The most 
frequently observed severe toxicity events were diarrhea 
in the UFT/LV group, and neutropenia (exceeding 20%) in 
FOLFOX6 and CapeOX groups.

As anticipated with oxaliplatin, peripheral neuropathy 
occurred frequently in the FOLFOX6 and CapeOX groups.

Discussion

The current study was performed to assess and compare the 
drug‑associated costs of various adjuvant chemotherapy drug 
regimens, namely CapeOX vs. FOLFOX6 and capecitabine 
vs. UFT/LV, in the therapy of colorectal cancer. In terms of 
adverse effect‑associated costs, treatment with CapeOX costs 
less than treatment with FOLFOX6. However, the chemothera-
peutic drug costs of the CapeOX regimen were similar to the 
FOLFOX6 costs. As the FOLFOX6 and CapeOX regimens 
may be considered equivalent in terms of treatment completion 
rate and RDI, and exhibit similar associated adverse events, 
the current study considers these two regimens to be of equal 
efficacy. In terms of administration, the FOLFOX6 regimen 
requires the insertion of a port [approximate cost ¥70,000 
($667)] and takes over 48 h to administer, whereas CapeOX is 
given as an intravenous infusion over 2.5 h.

Xie et al (10) reported that the use of CapeOX for adjuvant 
chemotherapy is cost‑saving, compared with FOLFOX6. Our 
results are in agreement with theirs when an innovator drug is 
used; however, the current study differs from their report when 
a generic drug is used instead. Results of the present study 
indicate that the drug‑associated costs of CapeOX are equiva-
lent to FOLFOX6 costs. It is our opinion that CapeOX should 
be given preference, considering that FOLFOX6 requires port 
insertion and on‑duty h, and is associated with side effects.

In the cost comparison between capecitabine and UFT/LV, 
the chemotherapeutic drug costs of capecitabine were low, 
but its adverse event‑associated costs were high. However, 
capecitabine had a lower incidence of grade 3 and 4 adverse 
events, and it is our opinion that these may be managed with 
supportive care. Treatment completion rates and RDIs of 
capecitabine and UFT/LV were similar. However, in terms of 
drug‑associated costs, capecitabine was superior to UFT/LV.

The nature of the adjuvant chemotherapy is considered 
to have a role in determining treatment completion rates. 
No differences in treatment completion rates were observed 
between the drug regimens in this study. In the cases where 
treatment was aborted, the reason for discontinuation was 
non‑enforcement of supportive care for the duration of the 
treatment. In two cases, UFT/LV and capecitabine were 
changed to other regimens and treatment was continued. In 
our opinion, treatment completion rates may be improved if 
supportive care is provided from the onset of the treatment. 
The adverse effect‑associated costs of drug regimens in the 
present study are lower than the costs of the drugs themselves, 
which, in our opinion, makes adequate supportive care a 
cost‑effective way of raising treatment completion rates. To 

achieve this, active pharmacist participation in supportive care 
is necessary.

In conclusion, drug regimens with capecitabine may 
contribute to reducing costs for the management of patients 
with colorectal cancer who have had surgery. In addition, it 
is necessary to provide the patients with sufficient levels of 
supportive care from the onset of their treatment.
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