
Page 1/17

Bisphosphonates prevents the bone mineral loss in
lymphoma patients treated with glucocorticoids: a
prospective, randomized controlled phase 3 trial in
China
Chunli Yang 

West China Hospital of Sichuan University
Chunxi Fu 

West China Hospital of Sichuan University
Huawei Weng 

West China Hospital of Sichuan University
Liqun Zou  (  hxlcyxy@163.com )

West China Hospital of Sichuan University

Research Article

Keywords: Lymphoma, glucocorticoids, bisphosphonates, treatment, bone mineral loss

Posted Date: October 12th, 2021

DOI: https://doi.org/10.21203/rs.3.rs-907532/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-907532/v1
mailto:hxlcyxy@163.com
https://doi.org/10.21203/rs.3.rs-907532/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/17

Abstract

Background
Glucocorticoids-containing regimens are the standard �rst line treatment for most lymphoma patients,
however, as the improvement of overall survival in these cases, glucocorticoids related osteopenia or
osteoporosis attracted attention in clinical administration. We aim to investigate the e�cacy of
bisphosphonates in prevention bone mineral loss in glucocorticoids-treated lymphoma patients.

Methods
This is a prospective, randomized controlled phase 3 trial. Eligible lymphoma adults from China with �rst
line glucocorticoids involved treatment, were randomly assigned 1:1 to receive either Zoledronic acid (ZA)
for twice infusion or not. All patients received daily oral calcium and vitamin D3 for one year. The primary
endpoint, alternations of bone mineral loss from enrollment to the twelfth month at the lumbar spine (L1-
L4), left hip and left femoral neck, measured by the dual-energy, x-ray absorptiometry scanners, recorded
as T score; and new bone fractures during the �rst year, were analyzed by intent-to-treat. This trial was
registered with www.Chictr.org, number ChiCTR-INR-17010771.

Results
Between May, 2016 to July, 2019, 84 patients were randomly assigned to both Zoledronic acid and
control groups, 29 patients completed the study and were on follow-up. We found a marked improvement
of T score in ZA group compared with the control in a year at lumbar spine, T score changes of L1-4 in ZA
group and control group were as following: L1, 0.14±0.61 vs. -0.33±0.40, p=0.009; L2, 0.28±0.41 vs.
-0.35±0.54, p=0.003; L3, 0.23±0.42 vs. -0.23±0.66, p=0.020; L4, 0.28±0.44 vs. -0.35±0.54, p=0.020.
Meanwhile, no severe adverse event was observed on both groups.

Conclusions
Glucocorticoids-treatment lymphoma patients that prophylactic ZA infusion could relieve BMD loss to
prevent osteoporosis without increasing severe adverse effects in Chinese population, providing reference
for clinicians to consider ZA application in this situation.

Introduction
Lymphoma is a malignant tumor derives from the immune system, including Hodgkin lymphoma (HL)
and non-Hodgkin lymphoma (NHL), accounting for about 10% and 90% of all lymphoma patients,
respectively[1]. In 2021, it estimates that there would be 12170 new NHL cases for men and 8550 for
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women in the United States with an increasing trend[2]. Although as a malignant tumor, prognosis of
lymphoma is better than most solid tumors. For HL, it is a potentiate curable tumor with a �ve-year
survival rate 80-90%, whereas in NHL it reaches 73%[2, 3]. Based on the long-term survival for lymphoma
patients, accumulating attention were put on the alleviation of the treatment-relative adverse effects.

Glucocorticoids (GC) is frequently applied with chemotherapy to treat lymphoma due to its anti-
lymphoma effect, and to reduce anti-tumor drugs caused vomiting, allergies and other toxicities[4, 5]. In
regard to lymphoma treatment, either prednisone or dexamethasone was a key drug in the frequently
used therapy regimens, such as: CHOP, EPOCH, DDGP, VDLP[6–9]. For example, standard six cycles of
CHOP regimen resulted in a cumulative of 3 grams and 24 mg per day for consecutive eighteen weeks,
which indicating a long-term medium does GC usage[6, 10]. It has been reported that long-term GC
administration was linked to a risk of GC induced osteoporosis[11–14]. Thus, it remains confused for
clinicians whether prophylactic anti-osteoporosis treatment is needed and what category drug should be
chosen during lymphoma patients administration.

According to recommendation of National Comprehensive Cancer Network (NCCN) guideline for B-cell
lymphoma, patients who have received steroid-containing regimens should evaluate 25-OH vitamin D
level, and regularly detect bone mineral density (BMD) when T score between -1.1 and -2.4; furthermore, to
supply with vitamin D3 and calcium only when serum level lower than normal, and to use
bisphosphonates as �rst line pharmacologic treatment for osteoporosis[15]. However, it was reported that
most lymphoma patients were under osteopenia state after initial treatment, undergoing a higher risk of
osteoporosis[16]. Therefore, whether prophylactic bisphosphonates administration to prevent BMD loss
requires to be elucidated.

In this study, we conducted a prospective, randomized controlled phase 3 trial to investigate whether
lymphoma patients treated with GC could bene�t from bisphosphonates (Zoledronic acid) infusion to
decrease the BMD loss and dynamically detected the bone turnover markers.

Patients And Methods

Study design and participants
This study is a prospective, randomized controlled phase 3 study done in our cancer center from May,
2016 to July, 2019. Eligible patients were aged 20 years or older and had previously untreated NHL,
according to the WHO 2016 classi�cation system, who were bone mineral density (BMD) marker T score
at baseline > -2.5 at any location. Eligible histology was including B cell NHL and T cell NHL. Patients
also had adequate renal function (serum creatinine < 2 times the upper limit of normal, creatinine
clearance > 60 mL/min), normal serum calcium, 25-Hydroxy Vitamin D and parathyroid hormones (PTH).
All regimens administered in eligible patients needed to include prednisone 50mg or 100mg d1-d5 q21d
or dexamethasone 40mg d1-d4 q21d for at least six cycles. Key exclusion criteria were lymphoma
patients with bone or central nervous system involved or had ever used bisphosphonates in the recent six
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months. All patients provided written informed consent. The trial was registered in www.Chictr.org and
approved by the ethics committee. (ChiCTR-INR-17010771)

Randomisation and Procedures
Patients were randomly assigned (1:1) to the Zoledronic acid (ZA) or control group. Randomisation was
done with an interactive web response system that assigned a unique patient number, as subject with
odd or even number was allocated into ZA group or control group, respectively. All subjects received daily
oral calcium (600 mg) and vitamin D3 (0.25 ug) daily at enrollment, continuously for at least one year. ZA
group received twice ZA infusion (4mg) at �rst treatment cycle and at sixth month. In this process,
lymphoma patients appeared with bone involved or neoplastic spinal cord compression or central
nervous system involved should be excluded.

Objectives And Assessments
The primary endpoint was the BMD alternations from enrollment to the twelfth month at the lumbar spine
(L1-L4), left hip and left femoral neck, measured by the dual-energy, x-ray absorptiometry scanners,
recorded as T score; and new bone fracture during the �rst year. All patients evaluated the BMD twice: at
enrollment and at the end of the twelfth month. Osteoporosis and osteopenia were de�ned per the
de�nition of the World Health Organization as BMD T score of < -2.5 or -1 to -2.5, separately. The
secondary endpoint was the changes of serum bone metabolism biochemical markers, including β-C-
terminal telopeptide of type I collagen (β-CTx), bone alkaline phosphatase (BALP) at baseline, 3, 6, 9, 12
months. Additional safety evaluation of ZA in lymphoma patients was also performed in trial.

Statistical analysis
The age, BMI, serum calcium, 25-hydroxy vitamin D, PTH were recorded as median, as the T score is
average ± SD, the statistical methods of comparing the difference between the groups were χ2 test,
Mann-Whitney u test, t test and Wilcoxon rank sum test. All data were analyzed with SPSS 24.0 (IBM
Corp., Armonk, NY), and a two-sided p < 0.05 was considered a statistically signi�cant difference.

Results
Patients were enrolled between May, 2016 and July, 2019. The data cutoff date for this primary analysis
was August, 2020. Of the 84 patients assessed for eligibility, 40 patients randomly assigned to ZA group
and only 16 patients completed the study protocol, while 13 patients among the 44 patients in the control
group (�gure 1). Patients were off the study generally had once ZA infusion, did not regularly take
calcium and vitamin D3 orally, were lack of BMD reports or serum BMD turnover biomarkers. Baseline
characteristics were generally balanced between the two groups (Table 1). Overall, the median age was
54 years old with a median BMI 23.29, the ratio of male to female was 1:1, and 73% of female were
postmenopausal. There were 82.75% of patients diagnosed aggressive NHL and majority staged I-II

http://www.chictr.org/
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(68.97%). The primary chemotherapy regimens were including CHOP (like), VIPD, DDGP, VDLP, R2-EPOCH
and BFM 90[17], which all contained high does glucocorticoid. At baseline, the BMD biomarker of serum
calcium, 25-hydroxy vitamin D and PTH were all in the normal range.
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Table 1
Baseline characteristics of patients for randomization.

  Total
patients

N=29

n (%)

Zoledronic Acid
group

N=16

n (%)

Control group
N=13

n (%)

Zoledronic Acid group vs.
control group

p value

Median age (y) 54 (29-
76)

53 (37-70) 55 (29-76) 0.948

BMI 23.39

(20.14-
29.76)

22.68

(20.20-27.11)

23.88

(20.14-29.76)

0.351

Sex 0.462

Male 14
(48.27%)

9 (56.25%) 5 (38.46%)  

Female 15
(51.72%)

7 (43.75%) 8 (61.54%)  

Postmenopausal 11
(37.93%)

4 (57.14%) 7 (87.5%)  

Diagnosis       1.000

Aggressive 24
(82.75%)

13 (81.25%) 11 (84.62%)  

Indolent 5
(17.24%)

3 (18.75%) 2 (15.38%)  

Ann Arbor staging 0.688

I-II 20
(68.97%)

12 (75%) 8 (61.54%)  

III-IV 9
(30.03%)

4 (25%) 5 (38.46%)  

Treatment 0.130

CHOP (like) 20
(68.97%)

9 (56.25%) 11 (84.62%)  

VIPD 1 (3.44%) 1 (5.25%) 0  

BMI: Body Mass Index; CHOP: cyclophosphamide, doxorubicin, vincristine, and prednisone. VIPD:
etoposide, ifosfamide, cisplatin, dexamethasone; DDGP: dexamethasone, cisplatin, gemcitabline,
pegaspargase; VDLP; etoposide, dexamethasone, L-asparaginase, cisplatin; R2-EPOCH: rituximab,
lenalidomide etoposide, prednisone, vincristine, cyclophosphamide, doxorubicin; BFM-90: see
reference 17; PTH: parathyroid hormone, pmol/L. Calcium: mmol/L. 25-hydroxy vitamin D: nmol/L.
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  Total
patients

N=29

n (%)

Zoledronic Acid
group

N=16

n (%)

Control group
N=13

n (%)

Zoledronic Acid group vs.
control group

p value

DDGP 3
(10.34%)

3 (18.75%) 0  

VDLP 3
(10.34%)

2 (12.5%) 1 (7.69%)  

R2-EPOCH 1 (3.44%) 1 (6.25%) 0  

BFM-90 1 (3.44%) 0 1 (7.69%)  

Calcium 2.27

(2.14-
4.38)

2.28

(2.14-2.43)

2.27

(2.19-4.38)

0.714

25-hydroxy
vitamin D

37.2

(11.77-
71.62)

39.60

(11.77-71.68)

36.68

(28.28-50.68)

0.746

PTH () 4.60

(1.36-
11.07)

4.33

(1.36-7.17)

4.85

(3.06-11.07)

0.398

BMI: Body Mass Index; CHOP: cyclophosphamide, doxorubicin, vincristine, and prednisone. VIPD:
etoposide, ifosfamide, cisplatin, dexamethasone; DDGP: dexamethasone, cisplatin, gemcitabline,
pegaspargase; VDLP; etoposide, dexamethasone, L-asparaginase, cisplatin; R2-EPOCH: rituximab,
lenalidomide etoposide, prednisone, vincristine, cyclophosphamide, doxorubicin; BFM-90: see
reference 17; PTH: parathyroid hormone, pmol/L. Calcium: mmol/L. 25-hydroxy vitamin D: nmol/L.

With regard the BMD T score, it didn’t display statistic signi�cantly difference at any location from
baseline data between ZA and control group (Table 2). In total, the average T score of L1-L4 were -0.44,
-0.58, -0.34, -0.19, respectively; for the left femoral neck, left Ward’s triangle, left trochanter major, left hip
were -0.47, -1.08, -0.87, -0.44, separately. It was 52.38% that diagnosed osteopenia at baseline (n=84),
among them there were 72.73% of patients older than 50 years old, of which 50% were women
(supplementary table 1).
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Table 2
T score at baseline in randomized patients.

Location Total
patients

N=29

(mean±SD)

Zoledronic Acid
group

N=16

(mean±SD)

Control
group

N=13

(mean±SD)

Zoledronic Acid group vs
control group

p value

L1 -0.44±1.36 -0.56±1.54 -0.31±1.15 0.634

L2 -0.58±1.39 -0.90±1.15 -0.19±1.60 0.176

L3 -0.34±1.59 -0.55±1.30 -0.09±1.92 0.452

L4 -0.19±1.51 -0.48±1.19 0.18±1.81 0.250

Left femoral
neck

-0.47±1.08 -0.70±1.19 -0.18±0.89 0.206

Left Ward’s
triangle

-1.08±1.24 -1.37±1.16 -0.73±1.28 0.172

Left trochanter
major

-0.87±1.17 -1.24±0.95 -0.41±1.29 0.056

Left hip -0.44±0.99 -0.68±0.98 -0.14±0.96 0.147

SD: standard deviation. L1/2/3/4: lumbar spine 1/2/3/4.

The primary endpoint in this trial was the alternation of T score from enrollment to the 12th month at any
location. As shown in Table 3, we found a marked improvement of T score in ZA group compared to the
control in a year after enrollment at lumbar vertebra (L1-L4). However, in the left femoral neck, Ward’s
triangle, trochanter major and hip, the data showed no statistic difference between the two groups.
Additionally, comparing ZA group with control group, there was no signi�cant difference at the 12 months
of the T score (supplementary table 2). Interestingly, we could detect a pronounced deterioration of T
score in the control group patients at the 12 months in contrast to that at the enrollment, especially in L1,
L2, L4 and left femoral neck, Ward’s triangle (supplementary table 3). On the contrary, it presented that a
profound increase of T score measured at the 12 months in ZA group after twice infusion of ZA at the L2,
L3, L4 locations (supplementary table 4). Moreover, no patient appeared new bone fractures or other bone
related symptoms during the treatment and observation periods in both groups.
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Table 3
T score alternations from baseline at 12th month.

Location Total
patients

N=29

(mean±SD)

Zoledronic Acid
group

N=16

(mean±SD)

Control group
N=13

(mean±SD)

Zoledronic Acid group vs
control group

p value

L1 -0.07±0.57 0.14±0.61 -0.33±0.40 0.009

L2 -0.01±0.56 0.28±0.41 -0.35±0.54 0.003

L3 0.02±0.58 0.23±0.42 -0.23±0.66 0.020

L4 0±0.57 0.28±0.44 -0.35±0.54 0.020

Left femoral
neck

-0.16±0.23 -0.13±0.22 -0.19±0.24 0.619

Left Ward’s
triangle

-0.18±0.32 -0.07±0.21 -0.32±0.38 0.092

Left trochanter
major

0.05±0.38 0.11±0.32 -0.02±0.46 0.170

Left hip -0.44±0.33 -0.02±0.42 0.08±0.16 0.144

SD: standard deviation.

BMD serum turnover biomarkers could re�ect the bone metabolism when glucocorticoid was
administered. We dynamically monitored levels of serum β-CTX and BALP at 0, 3, 6, 9, 12 months in 29
patients. As shown in the Table 4, we observed the β-CTX and BALP levels at enrollment were 0.76±1.58
ng/mL and 13.70±3.84 ug/L for all patients. In addition, comparing the ZA group to the control group,
either β-CTX or BALP level was similar at baseline. Of note, it started with the 3th month that there
appeared signi�cantly reduction of serum β-CTX and BALP levels in the ZA group in comparison to
control group, which continued to the 12th month, p value at all time points (3, 6, 9, 12 months) were all <
0.05.
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Table 4
Serum bone turnover biochemical markers of patients at different times.

  Total
patients

N=29

(mean±SD)

Zoledronic Acid
group

N=16

(mean±SD)

Control group
N=13

(mean±SD)

Zoledronic Acid group vs. control
group

p value

β-CTX

baseline 0.76±1.58 0.49±0.31 0.47±0.21 0.879

3
months

0.36±0.27 0.19±0.10 0.56±0.28 <0.001

6
months

0.37±0.29 0.21±0.12 0.56±0.32 0.002

9
months

0.33±0.24 0.20±0.14 0.33±0.24 <0.001

12
months

0.31±0.23 0.20±0.11 0.45±0.25 0.004

BALP

baseline 13.70±3.84 13.12±3.62 14.42±4.12 0.374

3
months

11.78±5.26 8.95±1.62 15.26±6.11 0.003

6
months

12.91±6.19 9.79±2.37 16.76±7.30 0.005

9
months

13.47±6.59 10.14±3.16 17.56±7.48 0.004

12
months

13.13±5.66 10.43±3.48 16.46±6.16 0.006

β-CTX: type I collagen carboxy-terminal peptide, ng/mL. BALP: bone alkaline phosphatase, µg/L.

ZA related severe adverse events were not detected during the treatment and follow-up periods. A minority
of patients experienced Flu-like symptoms, such as transient fever, rigor, which relieved quickly after non-
steroidal anti-in�ammatory drug (NSAIDS) administered. Notably, an extra-nodal NK/T-cell lymphoma,
nasal type (ENKTL) patient in ZA group appeared with osteonecrosis of mandible in the follow-up,
considering the ZA side effect, we performed tissue biopsy for the lesions that diagnosed as ENKTL
involved, excluded the ZA related osteonecrosis.

Discussion
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Our study is a prospective, randomized controlled phase 3 trial conducted in China, to show that
prophylactic ZA infusion could bene�t GC-treatment lymphoma patients in prevention with osteopenia
deterioration; moreover, during the follow-up, no patient experienced osteoporosis or new bone fracture,
which reached the primary end point of trial. In this study, ZA usage without an observed severe toxicity,
especially the osteonecrosis of mandible. Additionally, sharply decline of serum BMD turnover biomarkers
with ZA application may provide an indirect clue for decreased BMD loss.

In Chinese population, a markedly increased BMD loss started between 50 and 69 years of age[18], as the
median diagnosis age for lymphoma was around 50-years to 60-years old[19], which indicating most
lymphoma patients were under BMD loss at diagnosis. From our data, we found that T score was
between -1 and -2.4 at least one location in 52.38% of the 84 assigned patients at least one location of
lumbar spine, femoral and hip at baseline, of which 72.73% were aged more than 50 years, may
suggesting that near three quarters of lymphoma patients at the age ≥ 50 years were osteopenia before
treatment. Consistently, a study from MD. Anderson also presented that around 10% of lymphoma
patients were under osteoporosis and 50% for osteopenia before initial treatment[20].

Lymphoma patients were at a signi�cant higher risk of an osteoporotic event with a 5-year cumulative
rate 10%, in comparison with general population of 6.8% in Denmark[21]. Recently, a study from United
Kingdom reported that receipt of R-CHOP in DLBCL patients were at a cumulative risk of 11.4% for bone
fracture at 18 months older than 70 years old[22]. In China, an estimated prevalence of osteoporosis to be
6.46% for men and 29.13% for women aged ≥ 50 years[23]. Thus, we speculate Chinese lymphoma
women older than 50 years with GC-treatment may be at a higher risk of osteoporosis than men. However,
in our study, there was no patient with osteoporosis during treatment and follow-up in both groups, which
may be explained as small sample size and the short-term follow-up, a longer observation and extended
size are needed in the future.

Bisphosphonates is an anti-resorptive drug that widely used to preserve BMD by reducing bone
resorption[24]. A previous study had been showed pamidronate infusion every 3 months for one year
could reduce the trabecular bone loss and the risk of new vertebral fractures in lymphoma patients[25].
Zoledronic acid is a third generation of bisphosphonates, showing a higher potent e�cacy than
pamidronate, and approved for use in osteoporosis or low bone mass[26]. It has been reported that ZA
usage resulted in a reduction the BMD loss in Americans[27]. In agreement, our data presented a result
that prophylactic ZA infusion could reduce BMD loss in Chinese populations. Besides, our trial
dynamically assessed the serum bone turnover marker β-CTX and BALP levels. β-CTX is a referent marker
of bone resorption, and BALP regulates bone mineralization, re�ecting the bone metabolism[28, 29].
Contrast to control, ZA group had sharply decreased on both markers since at 3 months till to 12 months,
suggesting a rapid inhibition of osteoclastic activity and persistent effect on BMD, which indirectly
re�ected that ZA could reduce the BMD loss in GC-treatment lymphoma patients.



Page 12/17

On safety, it has been reported that ZA application had a risk of osteonecrosis of mandible[30–32], no case
was observed in this cohort as to a short-term observation and the low occurrence rate. Notably, when
patients appeared symptoms associated with osteonecrosis of mandible, it is imperative to differentiate
the diagnosis of tumor involved or ZA induced adverse effect, as our patient displayed.

Nevertheless, our study had several limitations. First, the patient adherence to medication in this study
were poor, leaded to a majority assigned patients exclude from the �nal data analysis and the cohort was
small. Besides, although this study was a prospective, randomized controlled trial, we only included our
center patients, not represented the whole Chinese population. Second, our study had set up two groups,
both orally taken calcium and vitamin D3, if we had another group as negative control without calcium or
vitamin D3 supplements, the T score improvement maybe more signi�cance.

Conclusion
In this study, we �rst demonstrated that in China GC-treatment lymphoma patients that prophylactic ZA
infusion could relieve BMD loss to prevent osteoporosis without increasing severe adverse effect,
providing reference for clinicians to consider ZA application in this situation. Further studies conducted in
multicenter are needed to verify these results.
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