
Abstract. Background: Chemotherapy with 5-fluorouracil,
epirubicin and cyclophosphamide (FEC) is now indicated for
adjuvant therapy of breast cancer. Its effects on serum bone markers
and bone metabolism are unclear. Patients and Methods: The bone
formation marker serum osteocalcin, the bone resorption marker
serum carboxyterminal telopeptide of type I collagen (CTx), serum
parathyroid hormone (PTH), 25-hydroxyvitamin D (25(OH)D) and
calcium concentrations were assessed in nine premenopausal breast
cancer patients with no distant metastases at baseline, before the
fourth cycle and after the ninth cycle of FEC therapy. All patients
became amenorrheic during chemotherapy. Results: Individual
values of bone markers remained within the reference ranges. The
mean concentrations increased slightly. The only significant changes
from baseline were observed in serum osteocalcin; concentrations
were 17.6±4.9 Ìg/l (mean±SD), 17.5±4.2 Ìg/l, 22.8±6.4 Ìg/l
(p=0.003). Serum CTx concentrations were 998±605 pmol/l,
886±562 pmol/l and 1473±1102 pmol/l at baseline, before the 4th
and after the 9th cycle (p=ns). Serum 25(OH)D concentrations
were all very low (mean concentrations were 26.6±10.1 mmol/l,
29.9±6.5 mmol/l and 27.7±10.6 mmol/l) and remained stable as
did mean serum PTH and calcium concentrations. Conclusion: The
finding of slight increases of the bone markers suggests early bone
loss in premenopausal women. The independent effects of estrogen
deprivation on bone cannot be separated from the effects of FEC
therapy on bone. 

In breast cancer, combination chemotherapy with 5-

fluorouracil, epirubicin and cyclophosphamide (FEC) is now

indicated not only for treatment of metastatic disease (1,2)

but also for adjuvant therapy (3). FEC, like other

anthracycline-containing regimens, may prove to be more

beneficial in the treatment of breast cancer than the

currently more favoured cyclophosphamide, methotrexate

and 5-fluorouracil (CMF) chemotherapy (4). Consequently,

with the increasing incidence of breast cancer, more women

will receive FEC therapy in the future. 

With regard to other breast cancer therapies, hormonal

therapy with tamoxifen is known to preserve lumbar spine

and femoral bone mineral density. This effect, seen in both

breast cancer patients and healthy women, is also reflected in

serum bone marker concentrations (5-7). The effects of

breast cancer chemotherapy on bone metabolism have been

studied with biochemical bone markers during anthracycline-

containing combination therapy with cyclophosphamide,

doxorubicin and 5-fluorouracil (CAF), epirubicin therapy

and various other therapies (8-10). In patients without bone

metastases, bone metabolism maintained its earlier level

during both CAF and epirubicin therapy, as measured by

serum carboxyterminal telopeptide of type I collagen

(ICTP), a bone resorption marker, and serum bone-specific

alkaline phosphatase and osteocalcin, both bone formation

markers. However, in patients with bone metastases, these

serum bone markers have been reported to increase

following both progressive disease and partial responses to

therapies (8-10). 

In an earlier study, we observed a significant increase of

serum parathyroid hormone (PTH) in some breast cancer

patients with bone metastases treated with FEC (11).

Hypocalcaemia is known to increase PTH secretion, which in

turn increases the release of calcium from the bone. However,

the increase of PTH was accompanied by only a slight

decrease of serum calcium in our study. On the other hand,

vitamin D increases the transfer of serum calcium to the bone.

In addition, low vitamin D concentration, a risk factor for

osteoporosis, is known to increase serum PTH (12,13).

Vitamin D was not measured in the earlier study.
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The aim of this study was to investigate whether possible

changes in bone metabolism are detectable in sera of breast

cancer patients during FEC therapy. 

Patients and Methods

Patients. The study group consisted of nine premenopausal women

who had high-risk breast cancer and no distant metastases and were

scheduled for FEC therapy. The inclusion criteria were: age under

60 years, histologically verified and radically operated stage T1-T3

breast cancer, either ≥8 metastatic axillary nodes or ≥5 metastatic

axillary nodes with negative estrogen or progesterone receptors or

nuclear grade 2-3 (or histological grade 2-3) and no distant

metastases. The patient characteristics and histopathological features

of the tumours are presented in Table I.

The FEC regimen consisted of 5-fluorouracil 600 mg/m2, epirubicin

60 mg/m2 and cyclophosphamide 600 mg/m2 given intravenously every

three weeks. A total of 8 or 9 cycles were given. Before each cycle,

after blood specimens had been collected, the patient was also given

standard antiemetic therapy. After chemotherapy, radiotherapy was

scheduled and, following radiotherapy, tamoxifen was initiated for 5

years. As shown in Table I, three patients had continuous concomitant

medication, which was unchanged during the study period.

The study was conducted at Turku University Central Hospital

and approved by the Joint Commission on Ethics of Turku

University and Turku University Central Hospital, Finland. Written

informed consent was obtained from all the patients.

Methods. Blood samples were collected before initiating

chemotherapy, before the 4th cycle and after the 8th or 9th cycle,

i.e., after approximately 6 months of FEC therapy. The specimens

were stored at -20ÆC and analysed in one batch. The analyses of

serum osteocalcin concentrations were performed on ELSA-OSTEO

immunoradiometric assay (CIS Bio International, Gif-sur-Yvette,

France). Serum CTx was measured with Serum CrossLapsì enzyme-

linked immunosorbent assay (Osteometer BioTech A/S, Herlev,

Denmark). Serum PTH was analysed with the immunoradiometric

assay N-tact PTH SP kit (Incstar Co, Stillwater, Minnesota, USA),

and serum 25(OH)D with a 125I radioimmunoassay kit (DiaSorin,

Stillwater, Minnesota, USA). Serum calcium concentrations were

measured photometrically with Hitachi 917® (Hitachi, Tokyo, Japan;

reagents from Boehringer Mannheim).

Statistical analyses. The statistical analysis of all assessments was

performed with an analysis of variance model for repeated

measures, with structured covariance matrices. Comparisons

between the baseline and follow-up values were made by contrasts

with Dunnett-Hsu correction. Logarithmic transformations were

applied when appropriate. All statistical calculations were

performed with SAS V8 for Windows (SAS Institute, Cary, NC,

USA).

Results 

The results of individual serum osteocalcin, CTx, PTH

and 25(OH)D concentrations at baseline and during

treatment are presented in Figure 1. Both osteocalcin and

CTx showed a minor increase in mean serum

concentrations. The mean concentrations at baseline,

before the 4th cycle and after the 8-9th cycle were

17.6±4.9 Ìg/l (mean±SD), 17.5±4.2 Ìg/l and 22.8±6.4

Ìg/l (p=0.003, as compared with baseline) for serum

osteocalcin and 998±605 pmol/l, 886±562 pmol/l and

1473±1102 pmol/l for serum CTx, respectively

(statistically nonsignificant changes). Although some

patients had relatively large increases in bone marker

concentrations, the values remained well within the

reference ranges of premenopausal patients (8-36 mg/l

for osteocalcin and 85-4525 pmol/l for CTx). All patients

became amenorrheic during FEC therapy.

The mean serum PTH and 25(OH)D remained at the

baseline concentrations (PTH concentrations were

14.3±5.9 ng/l, 11.1±8.9 ng/l and 14.4±5.6 ng/l and

25(OH)D concentrations were 26.6±10.1 mmol/l,

29.9±6.5 mmol/l and 27.7±10.6 mmol/l at consecutive

time points, p=ns). The concentrations of serum

25(OH)D were low: none of the patients had 25(OH)D

concentrations consistently ≥ 37 nmol/l, and five patients

had 25(OH)D concentrations always below 37 nmol/l.

The mean concentrations of serum calcium remained at

baseline (2.32±0.06 mmol/l, 2.30±0.09 mmol/l, 2.33±0.05

mmol/l). 
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Table I. Clinical and histopathological characteristics of the breast cancer patients at study entry.

Patient Age (years) TNM stage Histological grade Receptor status WHO PS Concomitant medication

1 41 T3N1M0 2 Er-Pr- 0 -

2 46 T2N1M0 2 Er-Pr- 1 -

3 46 T3N1M0 2 Er-Pr- 0 -

4 52 T3N1M0 2 Er+Pr- 1 Amitriptyline, diclofenac 

5 47 T1N1M0 3 Er-Pr- 1 Paracetamol

6 49 T3N1M0 3 Er-Pr- 0 -

7 44 T3N1M0 2 Er-Pr+ 1 Temazepam, ibuprofen, 

ferrous glycine sulphate

8 47 T2N1M0 3 Er+Pr- 1

9 37 T1N2M0 3 Er+Pr+ 1 -

Er = estrogen receptor, Pr = progesterone receptor, WHO PS: performance status



Discussion

In the present study, serum osteocalcin concentrations

increased significantly during the 6-month FEC treatment.

The slight increase in CTx concentrations was not

statistically significant. All the individual values remained

well within the reference ranges. In addition, the changes

occurred in low concentrations susceptible to analytical

difficulties (14). 

Chemotherapy-induced amenorrhea is known to cause

relatively rapid bone loss in breast cancer patients (15-18).

In premenopausal patients with chemotherapy-induced

ovarian failure, decreased bone mineral density, as measured

by dual-energy X-ray absorptiometry (DXA) and serum

aminoterminal propeptide of type I procollagen (PINP),

serum osteocalcin concentrations and bone-specific alkaline

phosphatase activities, have been reported as early as 6 and

12 months after commencing chemotherapy (16-18). In our

study, all patients became amenorrheic and therefore the

independent effects of estrogen deprivation on bone cannot

be separated from the effects of FEC therapy on bone. 

Breast cancer patients with bone metastases seem to have

increased serum osteocalcin and urinary CTx concentrations

(19,20). In an earlier study with breast cancer patients

without bone metastases, no changes were reported in

serum osteocalcin concentrations during an anthracycline

(epirubicin) therapy (9). Similarly, we did not observe major

changes in serum CTx and osteocalcin concentrations in

breast cancer patients without bone metastases during FEC

therapy. The analytical and biological variations of bone

markers should be taken into account when evaluating the

use of markers in detection of skeletal changes (14, 21). 

We earlier observed a significant increase of PTH in some

patients before the 3rd and 5th cycle of FEC, as compared with

baseline (11). In the present study, serum PTH concentrations

remained stable. The patients in our previous study had bone

metastases, which may have affected the results. 

The serum 25(OH)D concentrations were low even though

the summer months of June, July and August were included:

none of the patients had concentrations consistently over 37

nmol/l and five patients had 25(OH)D concentrations always

below 37 nmol/l, the level considered minimally adequate to
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Figure 1. Results of serum osteocalcin, carboxyterminal telopeptide of type I collagen ‘CrossLaps’ (CTx), parathyroid hormone (PTH) and 25-
hydroxyvitamin D (25(OH)D) in breast cancer patients during and after 5-fluorouracil, epirubicin and cyclophosphamide (FEC) therapy. 
(1 = at baseline, 2 = before 4th cycle, 3 = after 8th or 9th cycle, cycles repeated every 21 days).



maintain bone mineral density (12). Seasonal variation was

not evident, which is consistent with an earlier study in

postmenopausal women (22) but inconsistent with a study in

9- to 15-year-old girls (23). The low serum concentrations are

in line with the recent evidence of common hypovitaminosis

D in the Finnish population (23,24). 

In conclusion, adjuvant FEC therapy appears to slightly

increase serum osteocalcin concentrations in breast cancer

patients. However, the therapy frequently causes amenorrhea,

the effect of which cannot be separated from the effect of

FEC therapy on bone. 
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