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Background: Drug shortages have become a health care problem worldwide. One of the important drugs that are affected 

by shortage is leucovorin. It is used with 5-fluorouracil in many protocols for gastro-intestinal tumors and its shortage 

would have a negative impact on the treatment outcome. 

Aim: To compare the effect of low-dose leucovorin versus the standard-dose in the treatment of stage II and III colon 

cancer.  

Methods: The study included 100 patients with stage II or III adenocarcinoma of the colon who presented to the Clinical 

Oncology Department at Mansoura University Hospital from January 2011 till December 2012 after curative resection and 

were scheduled to receive adjuvant FOLFOX6 regimen. Patients were randomly allocated to receive standard-dose 

leucovorin (200 mg/m2, group 1) or low-dose leucovorin (125 mg/m2, group 2), both administered on days 1 and 2 over 2 

hours infusion before 5-fluoruracil. The end points were toxicity, disease free survival (DFS) and overall survival (OS). 

Results: The two study groups were matched regarding age, sex, and tumor stage. The mean DFS was 48.36 months for 

group 1 and 49.12 for group 2 with no significant difference (p=0.866). The mean OS was 65.07 months for group 1 and 

62.45 for group 2 with no significant difference (p=0.544). Similarly, there was no significant difference between the two 

groups regarding hematosuppression, diarrhea, mucositis, neurotoxicity and the need for hospitalization. 

Conclusion: Both protocols were well tolerated by all patients with no significant difference in the treatment outcome. The 

use of low-dose leucovorin protocol can help in solving the leucovorin shortage problem. 
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INTRODUCTION 

 
Drug shortage problem has become a national health 

care disaster. It is an increasing crisis in the United 

States of America (USA) that adversely affects health 

care quality and causes elevation of health care costs 1, 2. 

The Food and Drug Administration (FDA) of the USA 

recorded 61 drug shortage incidents in 2005 which 

increased to 178 in 2010 3, 4. 

Mostly, these shortages were for lowering the cost 

of non-original drugs or injectable drugs used in critical 

medicine fields, such as oncology and infectious 

diseases. The negative clinical effect of drug shortages 

occurs in the form of delays in medical steps causing 

medication mistakes, and drug-related side effects 2, 4. 

Drug shortages are usually due to many causes. For 

example, if a generic drug is produced by few factories, 

and one of them has a production problem, the pressure 

on the other factories to supply enough drug amounts 

will increase with subsequent inadequate production 

capability which may cause primary shortage problem 4, 

5. Contributing factors to drug shortages may include 

manufacturing quality aspects e.g. contamination, 

regularity issues, business decisions or disturbances 

within the supply chain 1, 2, 6. 

Shortage affected many drugs that play major roles 

in the treatment of adult and pediatric tumors, e.g. 

leucovorin, bleomycin, cisplatin, etoposide, vinblastine, 

vincristine, cytarabine, and methotrexate 7, 8. Alternatives 

for these drugs have been accompanied with an increase 

in the cost of health care 8-10. 

The increasing severity of the problem has 

warranted health care organizations to put a management 

strategy to prioritize treatment and also to provide 

substitutions to treatment plans. This includes clear 

decisions and steps for collecting data and decision-

making 1, 11. 

One of these important drugs is leucovorin. It is 

folic acid in a reduced form used in many chemotherapy 

protocols. Leucovorin is used with 5-fluorouracil in 

many protocols for gastrointestinal tumors and for many 

hematologic cancers as a rescue for high dose 

chemotherapy such as methotrexate 1, 12. 

The FDA reported the 1st leucovorin shortage 

problem in late 2008 that resulted from manufacturing 
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delay by Bedford Laboratories which was the most 

leucovorin producing company worldwide and then by 

Teva Pharmaceuticals. This problem was ended by the 

spring of 2009. One year later, in 2010, the problem was 

repeated 4. The shortage problem in 2010 was never 

resolved because both Bedford Laboratories and Teva 

Pharmaceuticals could not afford the need. The FDA 

reported in 2014 that the leucovorin shortage is still 

increasing 13. 

The tumor response rate in a study of 3300 patients 

with locally advanced colorectal cancer was assessed. 

Adding leucovorin to 5-fluorouracil increased the effect 

of 5-fluorouracil twice and the overall survival (OS) 

improved significantly 12.  Currently, the most accepted 

chemotherapeutic regimens in colorectal cancer includes 

the administration of leucovorin plus 5-fluorouracil 

alone or added to oxaliplatin as in FOLFOX or 

irinotecan as in FOLFIRI with or without monoclonal 

antibodies such as bevacizumab or cetuximab1. 

In FOLFOX6 and FOLFIRI protocols, leucovorin 

200 mg/m2 intravenous (IV) is taken on days 1 and 2 

plus 5-fluorouracil.  Due to the leucovorin shortage 

problem, health institutions employed alternative 

solutions, as removing or limiting the dose of leucovorin 

or shifting to levoleucovorin 1. 

We found that relatively few studies have assessed 

the clinical implications of leucovorin shortage in 

patients with colon cancer. In the current study, we 

compared the effect of low-dose leucovorin (125 mg/m2) 

to the standard-dose (200 mg/m2) on toxicity and 

survival in the adjuvant treatment setting of stage II and 

III colon cancer.  

 

METHODS 

 

This trial included 100 patients with colon cancer 

who presented to the Clinical Oncology and Nuclear 

Medicine Department at Mansoura University Hospital 

in the period from January 2011 to December 2012.  

The inclusion criteria included: age ≥18 years, stage 

II (pathologic staging T3N0 or T4N0 with high risk for 

systemic recurrence, poorly differentiated histology, 

lympho-vascular invasion, bowel obstruction or <12 

lymph node examined) or III adenocarcinoma according 

to the American Joint Committee on Cancer (AJCC) 

staging, curative resection of the tumor, negative 

pregnancy test in females in the childbearing period and 

normal hematologic, hepatic and renal parameters. 

Patients were excluded from the trial if they had received 

chemotherapy before. Patients who received one dose of 

leucovorin IV as part of an adjuvant regimen containing 

fluorouracil for stage II or III colon cancer were 

included. 

A central venous access devise was fixed before 

starting treatment. At the study beginning and before 

each cycle of chemotherapy, history, physical 

examination and complete blood count were performed. 

Toxicity was assessed using the common terminology 

criteria for adverse effects (CTCAE) version 4.0.  

Two arms, randomized, parallel group design was 

used. Patients were randomly allocated to group 1 

(control group) or group 2 (intervention group). Group 1 

patients received 12 cycles of adjuvant FOLFOX6 

protocol repeated every 2 weeks for six months 

(oxaliplatin 85 mg/m2 on day 1 over 90 minutes IV 

infusion + leucovorin 200 mg/m2 on days 1 and 2 over 2 

hours IV infusion before fluorouracil + flurouracil 400 

mg/m2 IV bolus then 600 mg/m2 over 22 hours IV 

infusion on days 1 and 2). Group 2 patients received the 

same protocol with a reduction in the leucovorin dose to 

125 mg/m2 administered on the same time and for the 

same infusion period on days 1 and 2. 

Patients were stratified by age (<50 years and ≥50 

years) and sex. The primary end points were toxicity, 

disease free survival (DFS) and OS. 

 

Statistical analysis 

We used SPSS version 22 for data analyses. Shapiro 

test was used firstly to test the normality of data.  

Number and percent were used to describe 

qualitative data. Chi-square test was used to test the 

difference in proportions of categorical variables while 

Fischer exact test was used when an expected cell count 

was <5.  

Continuous variables were presented as mean ± 

standard deviation (SD) for parametric data and median 

for non-parametric data. The two groups were compared 

with Student t test for parametric data and Mann–

Whitney test for non-parametric data.  

Survival analysis was tested by Kaplan-Meier test 

and the statistical significance of differences between 

curves was determined by Log-Rank test. 

The threshold of significance is fixed at 5% level (p-

value) for all the above mentioned statistical tests. If the 

probability of error is < 5% (p < 0.05) so it is significant. 

The smaller the p-value obtained, the more significant 

are the results. 

 

RESULTS 

 

Patients’ baseline characteristics are summarized in 

table 1. Both groups were matched regarding age, sex 

and stage with no significant difference between them. 

The overall follow up period ranged from 5 to 6 

years. The median follow up period for group 1 was 62.5 

months (range: 22-72) and for group 2 was 62.5 (range: 

21-72) (Z=0.045, p=0.964). The treatment outcome of 

both groups is summarized in table 2. There was no 

significant difference between the two groups as regards 

outcome. The relapse rate was 38% and 36% in the 

treatment groups respectively. 

None of the assessed toxicities differed significantly 

between the two treatment groups as well as the need for 

hospitalization (table 3). 

At the time of analysis, the median DFS and OS 

were not reached for both treatment groups. The 

estimated means of DFS and OS in both groups are 

shown in table 4. There was no significant difference 

between the two groups as regards DFS and OS. Figures 

1 and 2 show the DFS and OS curves. 
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Table 1: Patients’ characteristics 

Variables Group 1 (n=50) Group 2 (n=50) Test of significance p-value 

Age/years     

 Mean ± SD 49.08±6.99 48.84±6.60 t=0.176 0.860 

 Min-Max 37-61 38-62   

Sex     

 Male 26 (52%) 27 (54%) 2 =0.04 0.841 

 Female 24 (48%) 23 (46%)   

Stage     

 II 25 (50%) 24 (48%) 2 =0.04 0.841 

 III 25 (50%) 26 (52%)   

Group 1: Standard-dose leucovorin, Group 2: Low-dose leucovorin, t: student t-test, 2 : chi square test 

 

Table 2: Treatment outcome 

Variables Group 1 (n=50) Group 2 (n=50) Test of significance p-value 

Relapse (metastasis or recurrence)     

 Yes 19 (38%) 18 (36%) 2 =0.043 0.836 

 No 31 (62%) 32 (64%)   

Time to recurrence (months)     

 Median (Min-Max) 56 (6-66) 56 (9-66) Z=0.135 0.893 

Status at last assessment     

 Alive on regular follow up 33 (66%) 34 (68%) 2 =0.355 0.551 

 Died 7 (14%) 10 (20%)   

 Lost to follow up 10 (20%) 6 (12%)   

Group 1: Standard-dose leucovorin, Group 2: Low-dose leucovorin, 2 : chi square test, Z: Mann Whitney test 

 

Table 3: Side effects and the need for hospitalization 

Variables Group 1 (n=50) Group 2 (n=50) 2 p-value 

 n (%) n (%)   

Haemato-suppression  22 (44) 23 (46) 0.04 0.84 

Diarrhea  12 (24) 11 (22) 0.05 0.812 

Mucositis 8 (16) 7 (14) 0.08 0.779 

Neurotoxicity 11 (22) 12 (24) 0.05 0.812 

Hospitalization  4 (8) 3 (6) FET 1 

Group 1: Standard-dose leucovorin, Group 2: Low-dose leucovorin, FET: Fischer exact test 

 

Table 4: Kaplan Meier survival analysis 

  Overall Group 1 Group 2 Log Rank p value 

Disease-free survival      

 Estimated mean  

(95% CI) 

48.74  

(44.254 – 53.226) 

48.36  

(42.004 – 54.716) 

49.12  

(42.791 – 55.449) 

0.028 0.866 

 Estimated median 

(95% CI) 

Not reached Not reached Not reached   

Overall survival      

 Estimated mean  

(95% CI) 

63.702 

(60.118 – 67.287) 

65.075 

(60.286 – 69.864) 

62.455 

(57.201 – 67.708) 

0.369 0.544 

 Estimated median 

(95% CI) 

Not reached Not reached Not reached   

Group 1: Standard-dose leucovorin, Group 2: Low-dose leucovorin, CI: Confidence interval 

 

DISCUSSION 

 

Leucovorin, which is a cornerstone in 

chemotherapeutic protocols used in treatment of 

colorectal cancer, is one of the common drugs that faces 

shortage. 

Our work is one of the few trials exploring a 

strategy to overcome leucovorin shortage in patients 

with colon cancer. The study included two homogenous 

groups of colon cancer patients with stage II or III 

disease and good matched age and sex. Generally, in this 

study, the new strategy of reduced leucovorin dosage 

was well tolerated by our patients with no negative 

impact on the clinical outcome. There were no 

differences in DFS or OS between the two studied 

groups.  

We found difficulty in comparing our work to the 

work of others. Most of the studies that investigated the 

shortage of leucovorin focused on its financial impact on 

health care systems. In Jager et al study, which was 

reported in 1996, there was no difference in response 

rate or survival in patients suffering from metastatic 

colorectal who received low-dose leucovorin (50mg/m2) 

plus bolus fluoruracil when compared to those receiving 

high dose leucovorin (500 mg/m2) 14. This agrees with 

the principle of our study. 
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Figure 1: Kaplan Meier disease free survival curves 
(Group 1: Standard-dose leucovorin, Group 2: Low-dose leucovorin) 

 

 

Figure 2: Kaplan Meier overall survival curves (Group 

1: Standard-dose leucovorin, Group 2: Low-dose leucovorin) 

 

The QUASAR study found that the usage of low-

dose leucovorin of 25 mg was associated with the same 

survival and 3 years recurrence rate as the dose of 175 

mg taken with bolus 5-flourouracil in the adjuvant 

therapy setting for colorectal cancer 15. Our results 

matched those of that study and confirm that there is no 

difference between standard and low-dose of leucovorin 

in the adjuvant setting of colon cancer.  

In 2013, Hanna et al reviewed the medical records 

of outpatients treated with leucovorin at the Continuum 

Cancer Centers of New York between April and 

September of 2010, 2011, and 2012. They reported the 

pattern of leucovorin use (dose and number of cycles) 

and the change in this pattern over years. The 

administered leucovorin dose was either low-dose (20-

40 mg/m2) or high dose (200-500mg/m2) They found 

that low-dose leucovorin was used in 30% of doses in 

2010, 30.4% in 2011 and 99.1% in 2012 (p<0.0001). 

Patient characteristics and stage were comparable 

between years (p=0.87).  Among patients treated for 

colon cancer; they found no relation between stage (III 

or IV) and use of low-dose leucovorin in 2010 or 2011 
16.  

Recently, Reynolds et al reported the results of a 

study addressing the same point of research. They used 

smaller dose of leucovorin 20 mg/m2 in the FOLFOX6 

protocol for metastatic colorectal cancer based on the 

results of prospective trials suggesting that smaller dose 

of leucovorin may have the same effectiveness in other 

protocols containing fluorouracil. They found no 

difference in OS of metastatic colorectal cancer cases 

treated with 1st line FOLFOX6 with low- vs. high-dose 

leucovorin. Although they studied low-dose leucovorin 

FOLFOX6 regimen in the metastatic setting, their results 

confirm ours in terms of the clinical efficacy of low-dose 

leucovorin containing regimens 17. 

Shank et al studied adult patients receiving 

leucovorin as a part of protocols containing fluorouracil. 

The study included patients with stage II or III colorectal 

cancer and those with newly diagnosed metastatic 

disease. One low fixed dose of leucovorin (50 mg) was 

used and compared to one body surface area adjusted 

dose (200–500 mg/m2/dose). They concluded that there 

is no significant difference in progression free survival 

(p = 0.254), OS (p = 0.923), or side effects; which is 

similar to our results. However, it should be noted that 

they included metastatic disease in addition to stage II 

and III in their study 1. 

The proposed low-dose leucovorin in our study is 

one of the ideal solutions to standardize dosing with 

possible decline in mistakes that may result during dose 

calculation. In addition to decreasing waste and making 

treatment protocols much simple and easier. Our results 

may help with further studies recruiting larger patient 

number to resolve the problem of leucovorin shortage 

and to minimize its cost that overburden our institute 

financially. 

 

Conclusion 
Our trial demonstrated that low-dose leucovorin is 

equally effective to regular dose leucovorin with no 

negative impact on DFS or OS in patients with colon 

cancer treated by adjuvant chemotherapy. The use of 

low-dose leucovorin protocol can help in solving the 

leucovorin shortage problems in the near future.  
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