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Abstract 

Background: Hand-foot syndrome (HFS) is a prevalent skin reaction to cytotoxic systemic 

therapy, mainly Capecitabine.  

The present study aimed to determine etiologies of HFS in addition to its prevention in colorectal 

cancer patients with Capecitabine-containing chemotherapy regimen. 

Method: In this randomized double-blinded study, we recruited 66 eligible patients. The first 33 

patients received 25 mg captopril twice daily while the other 33 were given two placebo tablets.  

Results: All the patients were assessable for safety and efficacy. Captopril demonstrated a 

favorable safety profile. The participants in the two groups did not have any significant differences 

in terms of the median age and the level of hemoglobin (P = 0.45, P = 0.06, respectively). However, 

the CEA tumor marker was significantly higher in those with HFS (P < 0.05). The incidence of 

HFS in men and women were 8 (18.6%) and 3 (13%) cases, respectively, and the patients’ sex did 

not affect the incidence of this syndrome (P = 0.73). 

Furthermore, according to the stage of colorectal cancer, the difference between the two groups 

was significant (P < 0.05). Meanwhile, there were no significant differences concerning the grade 

of colorectal cancer (P = 0.2). 

Conclusion: The results herein revealed that administration of captopril in colorectal cancer 

patients with Capecitabine-containing chemotherapy regimen reduced the symptoms and 

incidence of HFS. 

On the other hand, CEA tumor marker and the stage of colorectal cancer were in correlation with 

incidence of HFS. 
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Introduction 

Hand-foot syndrome (HFS) is also known as 

palmar-plantar erythrodysesthesia syndrome, 

acral erythema, Burgdorf’s syndrome, and 

more recently, grouped with the so-called 

toxic erythema of chemotherapy syndromes. 

It is a relatively prevalent skin reaction to 

chemotherapy.1 

This syndrome is a common side-effect of 

several chemotherapy drugs, including 

Capecitabine.2, 3  

Capecitabine, an oral prodrug of 5-

fluorouracil, is a chemotherapeutic often 

used for the treatment of breast and colorectal 

cancers. This drug is usually well-tolerated 

owing to the absence of systemic 5‐FU 

exposure. Nonetheless, a substantial 

proportion of patients suffer from one of 

several severe adverse drug reactions 

(ADRs), with the most prevalent being HFS; 

it is the most common adverse event of 

Capecitabine‐containing chemotherapy, any 

grade of which was reported to affect 43 to 

71% of the patients treated with single-agent 

Capecitabine chemotherapy.4-6 

The onset of HFS can range from within 24 

hours to 10 months of the initiation of 

chemotherapy, but Capecitabine-related HFS 

usually appears within the first three cycles 

of treatment.7 

After the commencement of therapy, patients 

first experience palmoplantar dysesthesia and 

tingling in the hands and feet, which usually 

appear 2–12 days following the 

administration of chemotherapy. These 

symptoms may progress, 3–4 days later, into 

symmetrical demarcated edema and 

erythema of the palms and soles. 

Erythematous plaques with violaceous and 

edematous patches in the palms, soles, and 

other high-pressure areas are usually mild 

and resolve in 1–2 weeks. HFS, however, 

may evolve into blistering desquamation, 

crusting, ulceration, and epidermal necrosis if 

the next chemotherapy cycle is not delayed or 

the dose is reduced (Figure 1).8 

The spectrum of HFS symptoms can be mild, 

with erythema of the distal extremities, or 

severe enough to interfere with routine 

activities. These symptoms may occur on 

several body surfaces, especially in areas 

where pressure or increased warmth occur.8 

Research reported the factors related to HFS 

incidence to be the hemoglobin levels with a 

12 mg / dl cut-off, which is significantly 

associated with this syndrome.9 Other HFS-

associated causes in other studies are age, 

sex, performance status ECOG, number and 

location of metastasis, findings of physical 

examination, the cancer type, and the 

previous occurrence of stomatitis caused by 

chemotherapy.10 

HFS is unknown in its pathogenesis although 

chemotherapeutic agents are thought to be 

the most likely mechanism. According to a 

number of authors, these medications 

contribute to local damages to the sweat 

ducts. In addition, HFS may be related to 

enzymes involved in Capecitabine 

metabolism, including thymidine 

phosphorylase and dihydropyrimidine 

dehydrogenase, causing inflammatory 

changes in the feet and palms. COX-

2/PGES/EP signaling is involved in the 

inflammatory response. During day-to-day 

activities, mechanical pressure on the hands 

and feet may also lead to toxic skin damage 

through capillary damage.11-13 

Of note, although HFS is non-life-

threatening, it could often significantly affect 

a patient's quality of life (QoL), therefore 

requiring therapeutic modifications or even 

discontinuation of treatments. The dose 

interruptions and reductions required after 

observation of HFS can also impact the dose 

intensity and treatment outcomes.14,15 

No effective methods have been yet 

established for HFS treatment, but the 

following measures can be considered: an 

early diagnosis, modification of dose or 

dosing intervals, supportive measures, 

including cooling methods, wearing loose‐



fitting clothes, and using topical agents, such 

as potent topical steroids and emollients, 

lotions, and moisturizing creams 

occasionally, to reduce pain and discomfort 

and protect against infections. When 

extreme, HFS may necessitate cessation of 

therapy.16-19 

In this study, we hypothesized that according 

to the anti-inflammatory properties, 

prescribing ACEIs, including captopril, can 

be accompanied by a reduction in HFS in 

colorectal cancer patients with Capecitabine-

containing chemotherapy regimen (articles 

about this relation are mentioned in the 

discussion section).20, 21 

 

Materials and Methods 

This study is a randomized double-blinded 

placebo-controlled study, conducted in an 

academic center affiliated to “Blinded for 

peer review" from 2016 to 2018. The 

population included colorectal cancer 

patients with Capecitabine-containing 

chemotherapy regimen (only CAPEOX 

regimen in this study). The exclusion criteria 

were patient's dissatisfaction with 

participation in the study, allergic reactions to 

captopril or other ACEIs, an age of over 75, 

patients with hypertension or those using 

other antihypertensive or drugs that have 

interaction with ACEIs (including second 

generation antipsychotic, barbiturate, 

Allopurinol, Ciprofloxacin, Imatinib, 

Temsirolimus, Denosomab, systemic 

diclophenac, phenytoin, warfarin), and a 

history of metabolic disease (diabetes, renal 

disease).  

The design protocol was approved by the 

University Ethics Committee (IR.MUI. 

MED.REC.1397.025) and Iranian Registry of 

Clinical Trials (IRCTID: 

IRCT20130311012782N50). Informed 

consent was obtained from the patients prior 

to their participation. 

We estimated the sample size as 66 patients, 

with a 95% confidence interval, considering 

the first target with the formula of mean 

estimation (n = (z ^ 2 〖SD〗 ^ 2) / d ^ 2) 

according to the results of Gressett et al. The 

sampling method was simple, and 66 patients 

were distributed via random allocation 

software in two groups of 33, namely 

captopril and placebo groups. Figure 2 

illustrates these results. 

The method of blinding was as follows: The 

medication was prescribed by an examiner, 

and the patients’ treatment and examination 

were done by another doctor who was 

unaware of the prescribed medication. The 

participants were also unaware of the type of 

medication they received. 

After obtaining a license from the College of 

Medical Ethics, the patients were assigned 

randomly to groups A or B. Group A was 

given 25 mg captopril twice daily while 

Group B was given two placebo tablets with 

similar forms and doses to captopril 25 mg 

tablets, from one week before the beginning 

of the treatment until the completion of the 

third course of chemotherapy.  

The chemotherapy regimen was used for all 

the participants as a CAPEOX regimen with 

a dose of 130 mg per meter squared of 

Oxaliplatin on day 1 and the mean 

cumulative dose of 1000 mg per meter 

squared of Capecitabine twice a day from day 

one to fourteen , every twenty one days for 

six months (or eight cycles). 

All the patients were examined three and six 

weeks after the beginning of the treatment 

and four weeks following the completion of 

the third course of chemotherapy. The 

incidence and severity of HFS, sex, age, 

hemoglobin level, CEA tumor marker, as 

well as grade and stage of colorectal cancer 

were determined and recorded.  

During the treatment, they were also 

questioned concerning the common side 

effects of captopril, including hypertension, 

dizziness, dry cough, frequency, nucturia, 

nausea, vomiting, and diarrhea; no cases 

were observed.  



Evaluation of HFS incidence and severity 

was carried out via CTCAE criteria 

version5.0 that is based on clinical 

examination and skin symptoms distributed 

in three degrees (Table 1). 

The data were finally entered into SPSS 21 

software and analyzed using frequency 

tables, graphs, and mean and standard 

deviation indices. Pearson or Spearman 

correlation coefficients were utilized for 

determination of the relationship between 

HFS incidence and other variables. Through 

the use of independent t-test or Mann-

Whitney test, we compared the quantitative 

and ranking data between the two groups. 

Vertical linear models were used for 

controlling the confounding variables. A P 

value of less than 0.05 was considered to be 

significant. 

 

Results 

In this study, 66 colorectal cancer patients 

with Capecitabine-containing chemotherapy 

regimen were distributed in two groups of 33 

subjects. The first (captopril) and second 

(placebo) groups received 50 mg of captopril 

daily with similar forms and doses to 

captopril from one week before the beginning 

of the treatment until the completion of the 

third course of chemotherapy. The patients in 

both groups were evaluated for the incidence 

of HFS, CEA tumor marker, level of 

hemoglobin, sex, age, as well as the stage and 

grade of colorectal cancer. 

They both had a mean age of 61.3 ± 9.6 years 

(37-84 years). In this study, there were 43 

(65.2%) male and 23 (34.8%) female 

patients. 

Colorectal cancer grade was found to be well 

differentiated in 12 (18.2%), moderately 

differentiated in 33 (50 %), and poorly 

differentiated in 21 cases (31.8%). We found 

that 11 patients (16.7 %) were at colorectal 

cancer stage 2, 54 (81.8 %) at stage 3, and 1 

(1.5 %) at stage 4. Table 2 lists the individual 

queried symptoms. 

HFS prevalence of the first and seconds 

groups was respectively three and five cases 

(9.1% vs. 15.2%) 6 weeks after the beginning 

of the treatment (P = 0.45), and two and eight 

cases 4 weeks after the completion of the 

third course of chemotherapy (6.1% vs. 

24.2%) (P = 0.039). 

HFS incidence, based on other variables, 

indicated that the patients in the groups did 

not have any significant differences in terms 

of the mean age and level of hemoglobin (P 

= 0.45 and P = 0.06, respectively). However, 

CEA tumor marker was significantly higher 

in the patients with HFS (P = 0.001).  

HFS severity was not significantly different 

between the two groups (P = 0.07). Table 3 

represents the results. 

HFS incidence in men and women were eight 

(18.6%) and three (13%) cases, respectively; 

thus, the patients’ sex did not affect the 

incidence of this syndrome (P = 0.73). 

Moreover, concerning the stage of colorectal 

cancer, the difference between the two 

groups was significant (P = 0.044). 

Nonetheless, there were no significant 

differences in terms of the grade of colorectal 

cancer (P = 0.2). Table 4 demonstrates the 

results about these parameters. 

There were not any captopril-related side-

effects in the two study groups and everyone 

tolerated captopril drug. 

 

Discussion 

There is no article about captopril efficacy in 

prevention of HFS, but herein, we 

hypothesized that according to the anti-

inflammatory properties, prescribing ACEIs, 

including captopril, can be accompanied by a 

reduction in HFS in colorectal cancer patients 

with Capecitabine-containing chemotherapy 

regimen.22, 23 

HFS is unknown in its pathogenesis although 

chemotherapeutic agents are thought to be 

the most likely mechanism. According to 

certain authors, these medications contribute 

to the symptomatology of the disease by 



causing local damages to the sweat ducts, 

which explains how they are distributed 

anatomically. In addition, HFS may be 

related to the enzymes involved in 

Capecitabine metabolism, including 

thymidine phosphorylase and 

dihydropyrimidine dehydrogenase, causing 

inflammatory changes in the feet and palms. 

COX-2/PGES/EP signaling is involved in the 

inflammatory response. During day-to-day 

activities, mechanical pressure on the hands 

and feet may also lead to toxic skin damage 

through capillary damage.12-14 

According to the guidelines of ACC–AHA, 

from 2005 to date, patients with coronary 

artery diseases (and other vascular diseases) 

have been recommended to use ACEIs 

[including captopril] to reduce the risk of 

cardiovascular accidents. Additionally, 

Hirsch. et al. showed in their trial that 

endothelial dysfunction is an initial step 

towards physiological development. They 

also demonstrated that hypertension leads to 

endothelial dysfunction, with the result that 

treatment with ACEI drugs caused the 

alleviation of endothelial dysfunction.22 

Yusuf et al. reported hypertension as one of 

the major risk factors for the development of 

diabetic retinopathy, and that ACEI drugs 

have beneficial effects on vascular diseases 

caused by diabetes in hemodynamic and 

vascular permeability. Similarly, Ramipril 

reduced the risk of clinical outcomes in 

patients with a clinical history of PAD as well 

as those with subclinical PAD in one study. 

Ramipril belongs to a class of drugs called 

angiotensin converting enzyme inhibitors, 

used for treating high blood pressure and 

heart failure as well as preventing kidney 

failure due to high blood pressure and 

diabetes.23 

However, given the limitations of our study, 

including small sample size bias and having 

found no previous articles about captopril 

efficacy, we could suggest randomized 

controlled trials with a larger sample size to 

prove its efficacy.  

 

Conclusion 

Administration of captopril in colorectal 

cancer patients with Capecitabine-containing 

chemotherapy regimen reduced the 

symptoms and incidence of HFS four weeks 

after the completion of the third course of 

chemotherapy, similar to (ACEIs) effect on 

other vascular disorders. On the other hand, 

CEA tumor marker and the stage of 

colorectal cancer were correlated with HFS 

incidence. 

These results further support clinical 

evaluations regarding ACE inhibitors for 

reducing HFS. 
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Figure 1. This figure shows the diffuse erythema and fissuring of the palms with focal erosions 

on the fingers (A) and the right foot (B). 



 

Figure 2. 66 patients were distributed in two groups of 33 patients, namely captopril and placebo 

groups, via random allocation software. 

 

 

 

 

After the beginning of the 
treatment

33 patients were assigned 
to the treatment group

After 3 and 6 weeks of 
evaluation

Nobody was lost in the follow-
up or had reduction in 

chemotherapy doses or cycles

4 weeks after completion 
of 3rd ourse of 
chemotherapy

Nobody was lost in the 
follow-up or had reduction in 

chemotherapy doses or  
cycles

33 patients were assigned to 
the placebo group

66 patients were randomly 
assigned by the computer



Table 1. Grading of palmar-plantar erythrodysesthesia syndrome (HFS) according to the 

CTCAEv5.0 

Grade Description 

1 Minimal skin changes or dermatitis (erythema, edema, or 

hyperkeratosis) without pain. 

2 Skin changes (peeling, blisters, bleeding, fissures, edema, or 

hyperkeratosis) with pain; limiting instrumental ADL. 

3 Severe skin changes (peeling, blisters, bleeding, fissures, edema, or 

hyperkeratosis) with pain; limiting self-care ADL. 
HFS: Hand-foot syndrome; ADL: Active daily living 

 

 

 

 

Table 2. Patients’ characteristics 

Characteristic           Captopril group (n=33)        Placebo group (n=33)              P value 

                                      No. % score SD                 No. %  score SD 

Mean age years             59.9 ± 8.9                               62.7 ± 10.1                              0.24 

Sex                                                                                                                                  0.2 

Male                                 19    57.6                                24      72.7                                      

Female                             14    42.4                                9        27.3 

Colorectal cancer grade                                                                                              0.47 

Good Diff                            5     15.2                                7        21.2 

Moderate Diff                  19   57.6                                14      42.4 

Poor Diff                            9    27.3                                 12      36.4 

Colorectal cancer stage                                                                                               0.48 

Stage2                                4     12.5                                  6       18.2 

Stage3                                28   87.5                                 26     78.8 

Stage4                                 0      0                                      1        3 

Hemoglobin level 12.69 ± 1.28                          12.74 ± 1.25                           0.88 
SD: Standard deviation; Diff: Differentiation 

 

 

 

 

 

 

 



Table 3. Incidence and severity of HFS in the two groups 

HFS                           Captopril group (n=33)        Placebo group (n=33)           P value 

                                      No. % score SD                 No. %  score SD 

Incidence(time) 

Three weeks after           0      0                             0                0                              *  

the beginning of  

the treatment 

 

6 weeks after                3        9.1                         5               15.2                      0.45 

the beginning of  

the treatment 

 

4 weeks after              2       6.1                        8               24.2                      0.039 

the completion of the third 

course of chemotherapy 

 

Severity(time) 

Three weeks after  

the beginning of                                                                                                                   1 

the treatment 

None                                    33         100                    33              100          

Mild                                      0            0                        0                  0 

Moderate                            0            0                        0                   0 

Severe                                  0            0                        0                   0 

 

6 weeks after                

the beginning of                                                                                                                  0.45 

the treatment 

None                                     30          90.9                  28               84.8 

Mild                                       3             9.1                     5                15.2 

Moderate                              0            0                        0                    0 

Severe           

                          0            0                        0                   0 

4 weeks after                

the completion of the third                                                                                              0.07 

course of chemotherapy 

None                                      31           93.9                  25               75.8 

Mild                                       2              6.1                    3                   9.1 

Moderate                              0               0                      5                 15.2 

Severe                                   0                0                      0                    0 
HFS: Hand-foot syndrome; SD: Standard deviation 

 

 

 



Table 4. HFS incidence based on the demographic characteristics 

HFS                                Yes                                          No                                 P value                                                                 

Suffering                       No. % score SD                 No. %  score SD 

Colorectal cancer                                                                                                       0.2 

Grade      

Good Diff                         4           36.4                         8           14.5 

Moderate Diff               5           45.5                         28         50.9 

Poor Diff                         2           18.2                         19         34.5 

Colorectal cancer                                                                                                      0.044 

Stage 

Stage 2                              0               0                         11          20 

Stage 3                            10            90.9                      44         80 

Stage 4                             1               9.1                        0            0 

Sex                                                                                                                                0.73 

Male                               8              72.7                      35         63.6 

Female                           3              27.3                      20         36.4 

Mean age (years)          59.3 ± 9.6                               61.7 ± 9.6                               0.45                            

Hemoglobin level 12.06 ± 1.1                           12.58 ± 1.25                              0.06                                               

CEA tumor                  19.15 ± 5.51                         12.04 ± 6.1                                0.001 

marker                                                                                                                   
HFS: Hand-foot syndrome; CEA tumor marker: Carcinoembryonic antigen; SD: Standard deviation 

 

 


