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Introduction

Denosumab demonstrates efficacy in reducing the incidence of hip, vertebral, and nonvertebral fractures in postmenopausal women with osteoporosis. We present a population-based national cohort study to evaluate the infection risks in patients with osteoporosis after long-term denosumab therapy.





Methods

We used the Taiwan National Health Insurance Research Database (NHIRD) to identify patients with osteoporosis. The case cohort comprised patients treated with denosumab. Propensity score (PS) matching was used to select denosumab nonusers for the control cohort. The study period was between August 2011 and December 2017. Our study comprised 30,106 pairs of case and control patients.





Results

Patients receiving denosumab therapy had high risks of the following infections: pneumonia and influenza (adjusted hazard ratio [aHR]: 1.33; 95% confidence interval [CI]: 1.27 -1.39), urinary tract infection (aHR: 1.36; 95% CI:1.32 -1.40), tuberculosis (aHR: 1.60; 95% CI: 1.36 -1.87), fungal infection (aHR: 1.67; 95% CI:1.46 -1.90), candidiasis (aHR: 1.68; 95% CI: 1.47 -1.93), herpes zoster infection (aHR: 1.27; 95% CI: 1.19 -1.35), sepsis (aHR: 1.54; 95% CI:1.43 -1.66), and death (aHR: 1.26; 95% CI: 1.20 -1.32). However, the longer the duration of denosumab treatment, the lower the risk patients had of developing infections.





Discussion

Denosumab therapy is associated with a higher infection risk at the early periods of treatment. Nevertheless, the risk attenuates significantly after the 2nd year of therapy. Clinicians should closely monitor infection status in patients with osteoporosis during the initial stages of denosumab therapy.
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Introduction

Osteoporosis is a progressive condition of bone fragility leading to risks of fracture. Denosumab, a fully human monoclonal antibody, binds with high specificity to the RANK ligand and reduces the number and activity of osteoclasts (OCs). In a 3-year randomized FREEDOM clinical trial, with a 7-year extension to evaluate efficacy and safety, denosumab demonstrated significant efficacy in reducing the incidence of hip, vertebral, and nonvertebral fractures of postmenopausal women with osteoporosis (1). Once age-related osteoporosis develops, patients will likely require lifelong treatment. This exposes patients to the adverse events of cumulative drug exposure, such as osteonecrosis of the jaw. Despite the benefits of anti-osteoporosis treatment, the risks of long-term exposure to osteoporosis drugs need to be evaluated, particularly in the older adult population (2).

The RANKL–RANK–OPG (osteoprotegerin) pathway involves the tumor necrosis factor (TNF) and TNF receptor superfamilies, which have many common signaling characteristics (3). The RANKL–RANK–OPG pathway was first discovered in the late 1990s and was considered important to immunity, primarily through its actions on dendritic cells (DCs) (4, 5). Concomitantly, it was determined to be critical to bone homeostasis through its regulation of OCs (6, 7). Denosumab (formerly AMG 162) is an effective compound that binds to and inhibits RANKL (8). Similar to OPG, denosumab inhibits bone loss by inhibiting RANKL’s action on the receptor RANK.

Reports concerning the relationship between denosumab and the risk of infection have been inconsistent. The relevant studies are limited by small sample sizes and short study periods. More importantly, infection risk was not the primary outcome in these studies. Accordingly, we conducted a population-based national cohort study to evaluate the infection risk in patients with osteoporosis after long-term denosumab treatment.





Methods




Data source

We used the Taiwan National Health Insurance Research Database (NHIRD), which is a valuable resource for public health research. The NHIRD contains comprehensive claims records related to outpatient and inpatient medical care, comprising the demographic information of beneficiaries; hospital care data; laboratory tests; diagnostic codes; interventional procedures; and drug prescription data such as drug quantity, expenditure, and dosage. All data are encrypted and deidentified to protect personal privacy. The diagnoses in the database are based on the International Classification of Diseases, 9th Revision and 10th Revision, Clinical Modification (ICD-9-CM & ICD-10-CM, respectively). Our study was approved by the Institutional Review Board of China Medical University Hospital Research Ethics Committee (CMUH109-REC2-031[CR-2]), and was conducted in accordance with the guidelines of the World Medical Association’s Declaration of Helsinki.





Study population

This retrospective cohort study focused on patients with osteoporosis who had or had not received denosumab therapy. The case cohort comprised patients who were treated with denosumab. The index date was the first day of denosumab therapy. Denosumab users received a subcutaneous dose of 60 mg every 6 months depending on clinical responses. The control cohort comprised patients who had not received denosumab therapy; these patients were selected on the basis of propensity score (PS) matching for balancing heterogenous factors such as age, gender, index year, comorbidities, and other medicines, and they were assigned to the control cohort at a 1:1 ratio to the case patients. Each member of the control cohort was assigned a random index date that postdated their diagnosis of osteoporosis. The exclusion criteria for both cohorts were age <18 years and outcomes (namely, hospitalization for infection) before the index date. The enrollment period was between August 2011 and December 2017 (Figure 1).




Figure 1 | Participant selection flowchart.







Outcome measurement and covariate

The study outcomes were the following infections: pneumonia and influenza (ICD-9-CM codes 480–488; ICD-10-CM code J09–J18); urinary tract infection (ICD-9-CM code 599; ICD-10-CM code N390); gastrointestinal infection (ICD-9-CM code 0088; ICD-10-CM codes A084, A088); tuberculosis (ICD-9-CM codes 010–018; ICD-10-CM codes A15–A19); fungal infection (ICD-9-CM codes 112, 1173, 1363, 3210, 4846, 51636, 5186; ICD-10-CM codes B37, B44, B45, B59, J84114), herpes zoster infection (ICD-9-CM codes 053, 054; ICD-10-CM codes B00, B02) and sepsis (ICD-9-CM code 99591; ICD-10-CM code A419). Patients were censored at the date of death, withdrawal from the health insurance system, or on Dec 31, 2018, whichever came first. Patients who died or left the program before the end of study were censored.

The following confounders were compared between cohorts: age, sex, urbanization level, monthly income, hypertension, type 2 diabetes mellitus (T2DM), hyperlipidemia, chronic obstructive pulmonary disease (COPD), obesity, cirrhosis, chronic kidney disease, heart failure, and fracture.





Statistical analysis

Data are presented as percentages and mean values. We used the chi-square test to compare proportional differences in baseline variables between case and control patients. A Wilcoxon signed-rank test was used to compare the median ages between the two groups. Incidence rates are presented as the number of events of 1000 person–years. The Cox proportional hazard regression model was used to compare the risks of developing outcome events between case and control patients. Adjusted hazard ratios (HRs) and 95% confidence intervals (CIs) were calculated, with adjustment for important risk factors for developing study outcomes, including age, sex, urbanization level, monthly income, and comorbidities. We also considered death as a competing factor to estimate subhazard ratios (SHRs) and 95% confidence intervals (CIs) using the competing-risks regression models. The risk of study outcomes over time for patients who received denosumab therapy as compared with controls was determined using survival analysis with the Kaplan–Meier method, and the differences were evaluated using a log-rank test. All statistical analyses were performed using SAS (v.9.4; SAS Institute, Cary, NC), and R software (v.4.1.0, R Foundation, Vienna, Austria). Statistical significance was defined as a p value of <0.05.






Results

A total of 30,106 pairs of PS-matched case and control patients were analyzed. In the denosumab cohort, the median age was 76 years, and the majority of participants were women (86.1%); 48% of the participants lived in high-urbanization areas, and 56% had a monthly income between NT$20,001 and NT$39,999. The prevalent comorbidities in the denosumab cohort were hypertension (72.1%), hyperlipidemia (54.1%), and COPD (28%). During the follow-up period, 69.5% of the participants in the denosumab cohort received <4 injections of denosumab, 69.5% received 5–8 injections, and 8.09% received ≥9 injections (Table 1).


Table 1 | Demographic characteristics, comorbidities and medications in patients with osteoporosis with and without denosumab use.



The outcomes and incidence rates of infections and death are presented in Table 2. In the denosumab cohort, urinary tract infection had the highest incidence rate (113.6 per 1000 person–years), followed by pneumonia and influenza (54.6 per 1000 person–years), herpes zoster infection (21.7 per 1000 person–years), and serious adverse events of sepsis (18.4 per 1000 person–years). Compared with the control group, patients receiving denosumab therapy had significantly higher risks of pneumonia and influenza (adjusted HR [aHR]: 1.33; 95% confidence interval [CI]: 1.27–1.39), urinary tract infection (aHR: 1.36; 95% CI: 1.32–1.40), tuberculosis (aHR: 1.60; 95% CI: 1.36–1.87), fungal infection (aHR: 1.67; 95% CI: 1.46–1.90), candidiasis (aHR: 1.68; 95% CI: 1.47–1.93), herpes zoster infection (aHR: 1.27; 95% CI: 1.19–1.35), and sepsis (aHR: 1.54; 95% CI: 1.43–1.66). Additionally, patients receiving denosumab therapy had a 26% higher risk of death (aHR: 1.26; 95% CI: 1.20–1.32; p < 0.001) than controls. Table 2 shows the subhazard ratios of outcome for patients receiving denosumab therapy, with consideration of the competing risk of death. We found that the denosumab cohort still remained a significantly higher risk of outcome than did in the control group, except for gastrointestinal infections.


Table 2 | Clinical outcomes of patients with and without denosumab use.



Denosumab use was not significantly associated with gastrointestinal infection. As demonstrated in Figures 2, 3, the cumulative risks of infection and death in the denosumab cohort were significantly higher than those in the control cohort in terms of pneumonia and influenza, urinary tract infection, tuberculosis, fungal infection, herpes zoster infection, and sepsis, with a follow-up duration longer than 6 years.




Figure 2 | Cumulative incidence curves of pneumonia and influenza (A), urinary tract infection (B), gastrointestinal infections (C), tuberculosis (D) in patients with and without denosumab use.






Figure 3 | Cumulative incidence curves of fungal infection (E), herpes zoster infection (F), sepsis (G), mortality (H) in patients with and without denosumab use.



Table 3 displays the dose effect of denosumab on infectious outcomes. Compared with the control cohort, denosumab users receiving ≤4 cumulative doses had significantly higher risks of pneumonia and influenza (aHR: 1.85; 95% CI: 1.77–1.94), urinary tract infection (aHR: 1.66; 95% CI: 1.60–1.71), tuberculosis (aHR: 2.23; 95% CI: 1.89–2.63), fungal infection (aHR: 2.38; 95% CI: 2.07–2.73), herpes zoster infection (aHR: 1.74; 95% CI: 1.63–1.88), and sepsis (aHR: 2.10; 95% CI: 1.94–2.27). However, after cumulative denosumab use exceeded 5 doses, higher cumulative doses were associated with a lower risk of certain infections. Compared with controls, patients who received 5–8 injections of denosumab had a 28% lower risk of pneumonia and influenza (aHR: 0.72; 95% CI: 0.66–0.78), and those receiving ≥9 injections had a 73% lower risk (aHR: 0.27; 95% CI: 0.230–0.32). The association between higher cumulative doses of denosumab and lower risk of infection was also observed for tuberculosis, fungal infection, and herpes zoster infection. The consistent results were shown in the competing-risks regression models.


Table 3 | Outcomes related to denosumab dosage in patients with and without denosumab use.







Discussion

In this large-scale 10-year observational study of 30,160 patients receiving denosumab therapy, infection risks were investigated as the primary outcome. After adjustment for confounders including diabetes, chronic kidney disease, obesity, liver cirrhosis, chronic pulmonary disease, heart failure and fracture, the multivariate analysis revealed a significantly higher infection rate in patients with osteoporosis who received denosumab treatment than in those who did not. Additionally, we compared patient survival rates and observed a 1.26-fold higher risk of death in patients treated with denosumab compared with controls. A meta-analysis of 22,253 patients who received denosumab therapy revealed a 1.21-fold increase in severe adverse events infection (SAEI) compared with controls (9). Our findings are consistent with the aforementioned result.

The present study investigated the rates of infections, including pneumonia and influenza, urinary tract infection, tuberculosis, candidiasis, fungal infection (Aspergillosis or Cryptococcosis), herpes zoster infection, and sepsis, in the denosumab cohort and the control cohort. Intergroup comparisons revealed a consistent trend across the various infections: denosumab treatment was significantly associated with a higher infection risk in patients with osteoporosis. Specifically, we found a 1.60-fold higher risk of tuberculosis infection, 1.67-fold higher risk of fungal infection, 1.68-fold higher risk of candidiasis infection, and 1.27-fold higher risk of herpes zoster infection. To investigate whether mortality was associated with the effect of denosumab on infection risks, competing risk analysis with mortality was done as well. Our findings revealed that consistent results regarding the effect of denosumab on infection risks were observed in patients with osteoporosis. To the best of our knowledge, the current study is the first to report on the higher risks of infections in patients receiving denosumab treatment.

Substantial evidence suggests that RANK or RANKL mRNA expression is detected in immune tissues apart from osteoblasts, osteocytes, and bone stroma. For example, RANK expression has been identified in immune cells including T lymphocytes and B cells in the lung (6, 7, 10, 11). RANK expression is predominant in mature DCs. DCs are believed to share a common lineage with OCs and macrophages (4, 5). T cell activation via major histocompatibility complex and antigen–TCR interactions is likely mediated by DCs (3). RANKL expression plays a critical role in T cell function and presumably promotes T cell activation, which is dependent on its action on DCs. This in turn strengthens the survival of DCs in addition to triggering a mutual immune reaction. The subsequent engagement of T cells with DCs induces the differentiation of subsets of T cells for their transformation into Th1, Th2, and Th17 cells (3). Although RANKL inhibits bone metabolism, it is unclear whether RANKL inhibition might also attenuate the systemic immune response.

No consistent results on this issue related to the immune response (mentioned above) have been presented thus far. A previous study reported that in some specific tissues such as the skin, the RANKL–RANK interaction may alter the intensity of the inflammatory reaction beyond an immunosuppression response (12, 13). By contrast, a relevant study explored the differences between RANKL pathway inhibition and the complete absence of RANK or RANKL expression. The findings in an animal model revealed that the inhibition of RANKL could reduce bone loss by increasing bone density, but with no effect on inflammatory reactions (14). Our key finding is that denosumab use is significantly associated with a higher infection risk, including tuberculosis, candidiasis, herpes zoster virus, and fungal infection. This finding suggests that a modest attenuated cellular immunity response occurs in patients with osteoporosis under denosumab treatment.

Additionally, we investigated the immunosuppressive effects of cumulative denosumab dosages on infection risk in separate time periods. We observed that the infection risk was significantly higher after the first 4 consecutive doses of denosumab within 2 years; however, the risk attenuated thereafter. To our knowledge, it is the first study to disclose the reciprocal relationship between infection risk in osteoporosis patients and the immunosuppression nature by accumulative dosage of denosumab. The finding was novel which has never been identified previously.

The reasons to explain the infection risk and transient immunosuppressive effect of denosumab need to be elucidated further. In certain conditions, a high infection risk post-transplantation developed in new organ transplant recipients who received immunosuppression initially but the risk declined gradually in the later period post-transplantation, which was similar to our findings in this study to some degree. For example, a previous study reported that the incidence rate of herpes virus infection was highest in the first year after transplantation but the risk attenuated thereafter, which suggests that acute impairment of T cellular immunity occurs in the first several months following transplantation (15).

Altogether, we hypothesize that the acute immunosuppressive effect of denosumab developed initially but lasted transiently. More evidence is needed to investigate the sophisticated mechanism in the future.





Limitations

Our study results should be interpreted with caution due to some inherent limitations. First, information on lifestyle, body mass index (or obesity) and personal behaviors (such as smoking and alcoholic drinking) is not available from the NHIRD; therefore, we applied proxy variables for comorbidities. For example, the COPD variable was replaced by smoking to attenuate the confounding effect. Second, our data were retrieved from an inpatient database, meaning that only instances of severe infection were analyzed in this study. Patients with infectious diseases of mild severity may have been overlooked; thus, the actual risks of infections were likely underestimated for the denosumab cohort. Third, lack of individual laboratory data such as circulating 25(OH) D levels and imaging finding in the NHIRD may be the other study limitation.

Finally, despite our best attempts to control for all possible disease-associated confounders, there are still many unknown or uncontrolled confounding factors and some inherent bias may have affected the study findings. The retrospective study is usually lower evidence than the randomized controlled trials. Such shortcoming can be overcome by conducting a randomized control trial in the future.





Conclusion

Our findings provide evidence that denosumab use is associated with a high risk of opportunistic infection during the first 2 years of administration. Based on the findings, the effects of immunosuppression associated with denosumab use may be attributed to RANKL inhibition.
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Outcome Event

Pneumonia and influenza

Crude HR
(95% Cl)

Adjusted HR*
(95% CI)

Crude SHR
(95% Cl)

Adjusted SHR*
(95% Cl)

Prolia dosages (Amp.)

Non-users 3794 91225 41.6 Ref. Ref. Ref. Ref.

<=4 3958 50944 77.7 1.94 (1.85, 2.03)** 1.85 (1.77, 1.94)** 1.85 (1.77, 1.93)** 1.67 (1.60, 1.75)*
5-8 686 24044 285 0.69 (0.63, 0.75)*** 0.72 (0.66, 0.78)*** 0.70 (0.65, 0.76)*** 0.71 (0.66, 0.77)**
>=9 140 12647 111 0.24 (0.20, 0.29)*** 0.27 (0.23, 0.32)*** 0.26 (0.2, 0.30)** 029 (0.25, 0.34)**
Urinary tract infection

Prolia dosages (Amp.)

Non-users 7187 85359 84.2 Ref. Ref. Ref. Ref.

<=4 6358 46896 135.6 1.68 (1.62, 1.74)** 1.66 (1.60, 1.71)* 1.58 (153, 1.63)™* 1.53 (148, 1.59)"*
5-8 1944 21724 89.5 1.07 (1.02, 1.13)** 1.08 (1.02, 1.13)** 1.10 (105, 1.16)** 1.08 (1.03, 1.14)**
>=9 762 11148 68.4 0.74 (0.69, 0.80)*** 0.76 (0.70, 0.82)*** 0.80 (0.74, 0.86)*** 0.80 (0.75, 0.86)***
Tuberculosis

Prolia dosages (Amp.)

Non-users 250 94896 2.63 Ref. Ref. Ref. Ref.

<=4 338 54994 6.15 2.36 (2.00, 2.78)** 2.23 (1.89, 2.63)** 1.07 (0.63, 1.81) 1.17 (0.67, 2.03)
5-8 38 24549 1.55 0.59 (0.42, 0.82)** 0.62 (0.4, 0.88)** 0.84 (0.37, 1.88) 0.90 (0.39, 2.08)
>=9 8 12711 0.63 0.23 (0.11, 0.47)** 0.28 (0.14, 0.58)** 0.42 (0.10, 1.68) 044 (0.11, 1.78)
Fungal infections

Prolia dosages (Amp.)

Non-users 350 94745 3.69 Ref. Ref. Ref. Ref.

<=4 483 54675 8.83 242 (2.11, 2.78)*** 2.38 (207, 2.73)** 221 (1.87, 2.59)** 1.97 (167, 2.34)**
5-8 76 24478 3.10 0.83 (0.65, 1.06) 0.83 (0.65, 1.07) 0.61 (043, 0.85)** 0.63 (0.45, 0.89)**
>=9 9 12711 0.71 0.19 (0.10, 0.36)** 0.19 (0.10, 0.38)*** 0.26 (0.13, 0.51)*** 031 (0.16, 0.63)**
Herpes zoster infections

Prolia dosages (Amp.)

Non-users 1577 92119 17.1 Ref. Ref. Ref. Ref.

<=4 1547 52151 29.7 1.74 (1.62, 1.87)** 1.74 (1.63, 1.88)** 226 (1.97, 2.59)*** 2557 (2.03, 3.27)***
5-8 330 24107 13.7 0.80 (0.71, 0.90)*** 0.79 (0.71, 0.90)*** 0.86 (0.67, 1.10) 0.39 (0.31, 0.49)**
>=9 55 12673 4.34 0.25 (0.19, 0.33)*** 0.25 (0.19, 0.32)*** 0.20 (0.11, 0.39)*** 0.50 (0.48, 0.52)***
Sepsis

Prolia dosages (Amp.)

Non-users [ 1141 [ 94471 12.1 Ref. Ref. Ref. Ref.

<=4 1391 54315 25.6 2.24 (2.07, 2.42)** 2.10 (1.94, 2.27)** 228 (1.98, 2.62)*** 221 (191, 2.56)***
5-8 255 24409 10.5 0.86 (0.75, 0.98)* 0.91 (0.80, 1.05) 0.86 (0.67, 1.10) 0.85 (0.66, 1.10)
>=9 40 12696 3.15 0.22 (0.16, 0.31)*** 0.26 (0.19, 0.36)*** 022 (0.11, 0.41)*** 0.22 (0.11, 0.42)***

PY: person-year; Rate”, incidence rate, per 1,000 person-years; crude HR, relative hazard ratio;
Ref: Reference group
Adjusted HR': multivariable analysis including age, sex, urbanization level, monthly income and comorbidities.

%, p < 0.0

5 %%, p < 0.01; %, p < 0.001.
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A cohort of people enrolled in the National
Health Insurance Program (N= 24,000,000)

Patients with Denosumab used between Aug. 2011

aad Dec2017(2-96:300) Patients without Denosumab use
: between Aug. 2011 and Dec.2017

Exclusion criteria: =

(1) History of hospitalization with pneumonia and

influenza, urinary tract infection, gastrointestinal

infections, tuberculosis, fungal infections,

herpes zoster infections, and sepsis (n=66,397)

(2) Ages < 18 (n=3).

Exclusion criteria:
The same as Denosumab group

Propensity score matching at an 1:1 ratio, matched by age.
sex, urbanization level monthly income, comorbidities,
and the index year

Totally, 30,106 Denosumab treatment and 30,106
Denosumab non-users in the study cohort. Follow—
up until outcome events, death or at the end of 2018.
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OEBPS/Images/table1.jpg
Denosumab

No Yes
(N =30106) (N =30106)
Variables n (%)
Age stratified 0.59
<49 162 (0.54) 179 (0.59)
50-64 3912 (13.0) 3956 (13.1)
265 26032 (86.5) 25971 (86.3)
Age, median (IQR) * 76 (70-82) 76 (69-82) 0.34
| Sex 0.44
Female 25987 (86.3) 25922 (86.1)
Male 4119 (13.7) 4184 (13.9)
Urbanization level 0.99
1 (highest) 14458 (48.0) 14443 (48.0)
2 12067 (40.1) 12068 (40.1)
3 2706 (8.99) 2705 (8.98)
4 (lowest) 875 (2.91) 890 (2.96)
Monthly income (NTD) 0.98
<20,000 8522 (28.3) 8530 (28.3)
20,001-39,999 16820 (55.9) 16800 (55.8)
>40,000 4764 (15.8) ‘ 4776 (15.9)
Comorbidity
Hypertension 21714 (72.1) 21700 (72.1) 0.90
| T2DM 3723 (12.4) 3715 (12.3) 0.92
Hyperlipidemia 16326 (54.2) 16276 (54.1) 0.68
COPD 8425 (28.0) ‘ 8422 (28.0) 0.98
Obesity 342 (1.14) 391 (1.30) 0.07
Cirrhosis 6366 (21.2) 6374 (21.2) 0.94
Chronic kidney disease 2164 (7.19) 2153 (7.15) 0.86
| Heart failure 2164 (7.19) 2153 (7.15) 0.86
Fracture 4476 (14.9) 10066 (33.4) 0.001
Prolia dosages in ampoule
(Am.)
<4 20935 (69.5)
5-8 6735 (22.4)
>9 2436 (8.09)

Chi-square test; * Wilcoxon signed-rank test.
‘T2DM, type 2 diabetes metellus; COPD, chronic obstructive pulmonary disease.





