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Abstract

The role of cyclophosphamide in the upfront light chain (AL) amyloidosis remains to be 

elucidated. We conducted a retrospective review of 136 patients at Moffitt Cancer Center. The 

addition of cyclophosphamide to bortezomib and dexamethasone did not significantly improve 

outcome. Our finding suggests that the addition of cyclophosphamide may not be beneficial in 

upfront setting, especially in transplant illegible patients.

Introduction: Before 2021, the combination of bortezomib, cyclophosphamide, and 

dexamethasone (VCd) was one of the most used upfront therapy for systemic immunoglobulin 

light chain (AL) amyloidosis. Recently, daratumumab in combination with VCd resulted in 

improved outcomes compared to VCd. However, it’s still unclear the role of cyclophosphamide in 

this combination.
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Materials and Methods: We conducted this retrospective single-institutional study to compare 

the outcomes of upfront bortezomib and dexamethasone with or without cyclophosphamide (VD 

vs. VCd).

Results: Of 136 total patients, 62 received VD and 74 received VCd. The median age was 64 and 

the median number of organs involved was 2. Hematologic response was achieved among 73.4% 

patients in the VD arm and 85.9% in the VCd arm at 3 months (P = .15). Best organ response 

was not different between 2 arms (34.1% vs. 52.9% for VD and VCd arms, respectively; P = .28). 

After a median follow-up of 24.4 months, 2-year OS for VD and VCd arm was 70.6% and 84.6% 

respectively. The median overall survival was 70 months for VD arm and not reached for VCd arm 

(P = .30). There was no statistically significant difference in median time to next therapy (9.3 vs. 

13.5 months for VD and VCd arms, respectively. P = .99).

Conclusion: the addition of cyclophosphamide to VD was not associated with improved 

outcomes of patients with AL amyloidosis in this retrospective study.

Keywords

Immunoglobulin light chain amyloidosis; Alkylators; AL amyloidosis; Long-term outcome; 
Outcomes

Introduction

Systemic immunoglobulin light chain (AL) amyloidosis is a rare plasma cell neoplasm 

characterized by the production of a monoclonal immunoglobulin light chain (LC) that leads 

to the aggregation of insoluble amyloid fibrils in the tissue, thereby causing progressive 

organ dysfunction. The most commonly affected organs include the heart, kidney, and liver. 
1 AL amyloidosis is often fatal, especially among patients with cardiac involvement, when 

the diagnosis is delayed, or when treatment is ineffective. 2

Given the absence of therapy proven to disrupt fibril deposition, the mainstay of AL 

amyloidosis therapy involves anti–plasma cell therapy aimed at stopping or decreasing LC 

production. Compared to multiple myeloma, advances in therapy for AL amyloidosis have 

occurred at a slower pace, in large part because the incidence of AL amyloidosis is lower 

and few large, randomized trials of AL amyloidosis have been conducted.

Prior to 2009, the therapy involved the use of alkylating agents and dexamethasone 

(specifically the combination of melphalan with either prednisone or dexamethasone), or 

high dose melphalan and autologous stem cell transplant in patients who were deemed 

to be eligible. 3,4 The introduction of bortezomib, a proteasome inhibitor, in 2009 

resulted in higher hematological response rates compared to historical controls among 

patients treated with alkylator-based therapy. 3,5–7 Kastritis et al compared the combination 

melphalan and dexamethasone with or without bortezomib as primary therapy in a phase 

III trial that enrolled 109 patients and demonstrated improved hematologic response rates 

and a 2-fold reduction in mortality with the addition of bortezomib to the alkylating 

agent backbone therapy. 4 Based on this study and others, bortezomib-alkylating agent-

dexamethasone regimen became a standard treatment for patients prior to 2020. 5,6 However, 

the role of alkylating agent remains unclear in this combination, as prospective head-to-
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head comparison between upfront 2 drug bortezomib-dexamethasone combination, and 

bortezomib-alkylating agent-dexamethasone combination is lacking.

On January 15, 2021, Food and Drug Administration granted accelerated approval to 

daratumumab in combination with bortezomib, cyclophosphamide and dexamethasone for 

newly diagnosed AL amyloidosis based on ANDROMEDA study. This approval further 

raises questions about the role of alkylating agent in this four-drug upfront combination. 

The ANDROMEDA study showed that the addition of daratumumab improved hematologic 

response rate and progression-free survival. The study randomized 388 treatment-naïve 

patients with AL amyloidosis to receive cyclophosphamide, bortezomib, and dexamethasone 

(VCd) with or without daratumumab. 7,10,11 The hematologic complete response rate was 

53.3% in the daratumumab + VCd group versus 18.1% in the VCd alone group, and 

major organ deterioration progression-free survival favored the daratumumab group (hazard 

ratio, 0.58; P = .02). 7,10,11 However, the efficacy of this upfront 4-drug regimen comes 

with increased toxicity. Serious adverse events occurred in 43% of the patients in the 

daratumumab group including grade 3 or 4 infections in 16.6% pneumonia in 7.3%, 

cardiac failure in 6.2%, diarrhea in 5.7%, neutropenia in 5.2%, and syncope in 5.2%. 7 

As daratumumab and bortezomib have shown potent activities toward AL amyloidosis, the 

benefit and toxicity of alkylating agent in this combination warrant further evaluation.

We conducted this retrospective single-institutional study to compare long-term outcomes 

between patients with AL amyloidosis treated with upfront bortezomib and dexamethasone 

alone (VD) and those who received bortezomib and dexamethasone with cyclophosphamide 

(VCd).

Materials and Methods

We reviewed medical records of 136 patients with confirmed systemic AL amyloidosis 

treated with up front therapy, VD with or without cyclophosphamide at our institution 

between January 2008 and January 2020. Of the 136 patients, 62 received VD and 

74 received VCd. The diagnosis of systemic AL amyloidosis was confirmed with 

immunohistochemistry and/or proteomics analyses of a tissue biopsy sample.

Organ involvement, hematologic response, and best organ response were defined using 

the 10th International Symposium on Amyloid and Amyloidosis consensus criteria from 

2005. 8 Cytogenetics abnormalities were assessed with fluorescence in situ hybridization. 

The hematologic response was assessed at 3-months follow-up after the therapy initiation. 

Hematologic response was evaluated using the difference in free LC (dFLC). Partial 

response was defined as a 50%–90% reduction of dFLC, and a very good partial response 

was defined as < 40 mg/L. Complete response (CR) was defined as normalization of serum 

free LC ratio and negative serum and urine immunofixation. 9–11 Patients who had dFLC < 

5 mg/dL were assessed for response criteria of CR only. 12, 13 The best organ response was 

assessed at 6-month follow-up after the upfront therapy initiation. 14–17 Patients who died 

before the response assessment was considered no response. In patients who received ASCT 

consolidation, the hematological and organ response were assessed prior to ASCT.
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The primary objective was OS, which was calculated from diagnosis until time of death 

or last follow-up. The secondary objective was time to next therapy (TTNT), which was 

calculated from the date of upfront treatment until the date of next treatment or date of 

death, whichever occurred first.

Statistical Analyses

Differences of continuous variables between treatment arms were compared using the 

Kruskal-Wallis test, and differences of categorical variables were compared using the χ2 

test or Fisher exact test when the expected frequency was less than 5 in each category. OS 

and TTNT comparisons between arms were evaluated using Kaplan-Meier estimates and 

log-rank tests. Regression analyses were performed using multivariable Cox proportional 

hazards models. A backward stepwise elimination using Akaike information criteria was 

used to remove variables. All analyses were performed using R v3.6.3.

Results

Patients

Of 136 patients, 62 received VD and 74 received VCd. At least 20 mg of dexamethasone 

doses weekly were given in all patients. The median age at diagnosis was older in the VD 

arm than the VCd arm (median age: 65 vs. 62 years; interquartile range [59,72] and [57,69] 

respectively).

Before January 2014, patients were more frequently treated with VD than with VCd (50% 

vs. 20.3%; P <.001). Mayo stage (2012) I, II, III, and IV diseases were found in 25 (18.1%), 

27 (19.6%), 33 (23.9%), and 24 (17.4%) patients, and disease staging was not statistically 

different between treatment arms.

Of the whole cohort, 70.6% of patients had renal involvement, 49% had cardiac 

involvement, 18.1% had gastrointestinal involvement, 12.5% had liver involvement, and 

10.3% had peripheral nerve involvement. The median number of organs involved was 

2 in both arms. Additionally, both arms had a similar percentage of cardiac and renal 

involvement. Other clinical characteristics evaluated at the time of diagnosis included sex, 

race, estimated glomerular filtration rate (eGFR), log of N-terminal pro-brain natriuretic 

peptide (NT ProBNP), troponin, dFLC, serum FLC ratio, beta 2 microglobulin, the 

percentage of plasma cell in bone marrow, and cytogenetics abnormalities, which include 

t(11;14), monosomy 1, hypodiploidy, del17p, and changes in 1q21. There were no 

statistically significant differences in those characteristics between patients in the 2 arms 

(Table 1).

The alkylating agent-based therapies were the most common second-line therapy among 

patients in the VD group, whereas immunomodulatory drug– (iMID-) based therapy and 

daratumumab were the most common among patients in the VCd group.

Hematologic and Organ Responses

Of 136 total patients, hematologic response was evaluable among 113 patients, including 

49 in the VD arm and 64 in the VCd arm (Table 2). The remaining 23 patients were not 
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evaluable due to lack of data. Hematologic response (PR or better) was achieved among 

70.6% of patients in the VD arm and 84.6% in the VCd arm at the 3-month follow-up visit; 

however, this difference was not statistically significant (P = .07). Complete response rates at 

3 months were not statistically significant between arms (25.5% vs. 21.5% in VD and VCd 

arms, respectively; P = .62). The combined VGPR and CR rates at 3 months were 29.4% and 

38.4% in VD arm and VCd arm respectively (P = .31).

Of 136 total patients, best organ response was evaluable among 95 patients, including 44 

in the VD arm and 51 in the VCd arm (Table 2). Among the remaining 31 patients with 

non–evaluable organ response, 23 patients lacked data and 8 patients did not have baseline 

organ assessment. The organ response rate was a higher among those in the VCd arms 

(32.6% vs. 46.21% for VD and VCd arms, respectively, P = .17).

Of 136 total patients, 14 patients underwent ASCT after achieving response on induction 

therapy. VCd arm had significantly higher proportion of patients who underwent ASCT as 

compared to Vd arm (16.2% vs. 3.2%, P =. 02).

OS and TTNT

After a median follow-up of 24.4 months, 35 patients had died. There was no statistical 

difference in OS between both arms (70 months vs. not reached for VD and VCd arms, 

respectively; P = .30). The 2-year overall survival rate was 76% for VD arm (95% CI, 62%–

86%) as compared with 82% in the VCd arms (95% CI, 67%–91%) (Figure 1). The 90-day 

mortality rate was similar between arms (2% vs. 4.6% for Vd and VCd arms respectively, P 
=. 99).

The median TTNT was not statistically different between both arms (9.1 vs. 13.3 months 

for the VD and VCd arms, respectively; P = .98) (Figure 1). The difference became even 

smaller when patients who received autologous stem cell transplant (ASCT) as consolidation 

were excluded (9.2 vs. 7.7 months for VD and VCd arms, respectively; P = .12) (Figure S1). 

Among patients who achieved hematologic response, more patients in the VCd arm received 

ASCT as a consolidation therapy (16% vs. 5% in VCd and VD arms, respectively; P = .054).

In the univariate analysis, the addition of cyclophosphamide to VD was associated 31% 

risk reduction in death, though statistical significance was not reached (HR 0.69, 95% CI 

0.35–1.4, P =. 3). However, when adjusted for sex, race sex, age at diagnosis, race, log 

of NT Pro-BNP, eGFR and consolidation with ASCT, VCd was no longer associated with 

improved survival as compared to VD (HR 1.22, 95% CI 0.5–3.0). TTNT was similar 

between the 2 treatments group (HR 0.99, 95% CI 0.80–1.3).

Black race, eGFR < 60 mL/min/1.73m2, and proBNP > 1800 pg/mL were associated with 

poor survival in the multivariate COX proportional hazard regression analysis. Receiving 

ASCT as were associated with improved survival and longer TTNT [HR 0.38 (95% CI 0.05, 

3.1), 0.23 (95% CI 0.066, 0.819), respectively]. (Table 3 and Table S1).

Black patients had a shorter survival as compared to white patients (HR 3.3, 95% CI 1.4–

8.2, P =. 009), but not significantly shorter TTNT for first-line therapy. Patients with NT 
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proBNP level > 1800 pg/mL at diagnosis had shorter median OS (45.8 months vs. 64.4 

months, P =. 042).

Discussion

In this retrospective study, we compared long-term outcomes of patients with AL 

amyloidosis who were treated either with upfront VD or VCd therapy at our institution 

between 2008 and 2020. We found that the addition of cyclophosphamide to VD doublet 

therapy did not significantly improve long-term OS or TTNT among patients with newly 

diagnosed AL amyloidosis. This is especially true for patients who were illegible for 

transplant, as the margin of benefits was smaller and likely be outweighed by the risk 

of added cyclophosphamide. Though additional therapy can provide better hematologic 

response, it may not translate to survival benefits.

Though this was a retrospective study, patients’ characteristics were well matched between 

the 2 study arms, except for the diagnosis time period and age at diagnosis. VD therapy 

was more commonly used before Mikhael et al and Venner et al’s study in January 2012, 

which reported high hematologic response rates using VCd therapy among patients with 

either newly diagnosed or relapsed AL amyloidosis. 13,14 In our study, the earlier date of 

diagnosis and older cohort in the VD arm could have resulted in a worse outcome compared 

to a more contemporary treated VCd arm. 3 As such, the comparable outcomes noted in our 

study between the 2 arms are noteworthy.

Our results are in line with those reported by Kastritis et al, who retrospectively reviewed 

outcomes of 101 patients with AL amyloidosis treated with VD or VCd. The authors 

reported a similar hematologic response rate (68% and 78%; P = .26) and overall survival 

(33 months and 36 months) between patients treated with VD and VCd, respectively. 18 

Compared to Kastritis et al, we reported higher median OS (70 months and not reached for 

VD and VCd arms, respectively). The improvement in our study compared Kastritis’s group 

is possibly due to the inclusion of patients who subsequently received ASCT. The OS and 

hematologic response rates in our study were comparable to those seen in other recently 

reported prospective studies of patients receiving upfront bortezomib combination therapy. 
19

In our cohort, significantly more patients in the VCd arm received ASCT as consolidation 

therapy than those in the VD arm, despite similar clinical characteristics in both arms. This 

difference could potentially reflect that more ASCTs were performed after 2012 because of 

reduced transplant-related mortality and better selection of patients for ASCT.

Limitations

The retrospective and nonrandomized nature of this study represented the principal 

limitation, and the analysis might be underpowered to identify the real differences between 

groups if they exist. Ideally, a randomized controlled study with first-line daratumumab 

+ VD with and without cyclophosphamide would be needed to unequivocally address the 

role of alkylating agents in the upfront management of patients with AL amyloidosis. 

However, our present retrospective study predated the use of daratumumab and was unable 
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to answer this question. In our study, thirty-four patients (33.9%) in the VD arm received 

subsequent alkylating agent therapy. This may possibly cloud the OS benefit from the initial 

lack of alkylating agents given to patients in the VD arm. The ffollow-upin VD arm was 

shorter than VCd, which could potentially underestimate the benefit of the addition of 

cyclophosphamide.

Secondary to missing data in this retrospective study, dFLC, troponin, status of t (11;14), 

plasma cell percentage in the bone marrow and 24-hour urine protein excretion were not 

accounted for in the multivariable cox proportional hazards regression analysis. Only the 

upfront treatment arms, sex, age at diagnosis, race, log of N-terminal pro-brain natriuretic 

peptide (NT Pro-BNP), estimated glomerular filtration rate (eGFR) and consolidation with 

ASCT were included in the full model. Larger sample size with multi-institutional study and 

longer follow-up will be needed to confirm our observation.

Lastly, our center is a tertiary referral center. Therefore, the study selected patients who 

were considered candidates for systemic therapies and referral. Our cohort had less cardiac 

involvement and a lower percentage of lower death than typically seen in AL amyloidosis.

Conclusion

In our experience, the addition of cyclophosphamide to bortezomib and dexamethasone 

therapy was not associated with improved outcomes in patients with newly diagnosed AL 

amyloidosis, especially in patients who were not candidate for transplant consolidation. 

However, the addition of cyclophosphamide likely would benefit transplant-eligible patients 

given higher combined hematologic very good partial response and complete response 

rate. Future studies are needed to evaluate the role of cyclophosphamide in the recently 

FDA-approved upfront combination of daratumumab, bortezomib, cyclophosphamide, and 

dexamethasone to balance the toxicities associated with cyclophosphamide and the potential 

clinical benefit on overall survival in the regimen.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Clinical Practice Points

• Before 2021, cyclophosphamide, dexamethasone, and bortezomib (VCd) was 

standard of care for newly diagnosed with AL amyloidosis. However, a head-

to-head comparison was not evaluated between bortezomib/dexamethasone 

(VD) with and without cyclophosphamide. Recently, quadruplet therapy, 

daratumumab and VCd, became the new standard of care, which puts the 

role of cyclophosphamide further in question when balancing toxicity and 

benefit.

• This single-center, retrospective study included 136 patients; 62 received VD 

and 74 received VCd for newly diagnosed AL amyloidosis. The median 

age of diagnosis was 65 and 62 years for VD and VCd, respectively. Fifty 

percent and 15% of patients in VD and VCd arm were diagnosed before 

2014. Despite being older and treated at an earlier time, the patients treated 

with VD had similar TTNT and OS compared to those treated with VCd. 

After a median follow-up of 24.4 months, the 2-year overall survival rate 

was 76% for the VD arm (95% CI, 62%−86%) compared with 82% in the 

VCd arm (95% CI, 67%−91%). The combined very good partial and complete 

responses were 32.7% and 40.6% for VD and VCd, respectively (P = .38).

• Our study did not find an improvement in outcomes when adding 

cyclophosphamide to bortezomib and dexamethasone in patients with newly 

diagnosed AL amyloidosis. However, the addition of cyclophosphamide 

would likely benefit transplant-eligible patients given improved combined 

hematologic very good partial response and complete response rate. Future 

studies are needed to evaluate the role of cyclophosphamide in the 

recently FDA-approved upfront combination of daratumumab, bortezomib, 

cyclophosphamide, and dexamethasone.
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Figure 1. 
Top: Overall survival of AL amyloidosis patients treated with upfront Bortezomib and 

dexamethasone with/without cyclophosphamide. Bottom: Time to next therapy of AL 

amyloidosis patients treated with upfront Bortezomib and dexamethasone with/without 

alkylators.
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