
making decision, and thus continued FDG-PET/CT surveillance will be key in the man-

agement of our patient and others with MS.

FIONA HE,1 KEVIN HA,2 ZUZAN CAYCI,3 MARIA EVASOVICH SWENSON,4 M. LUIZA CARAMORI,5

KHALID AMIN,2 MICHAEL A. LINDEN,2
AND CELALETTIN USTUN

1*
1Division of Hematology-Oncology and Transplantation, Department of Medicine; 2Depart-

ment of Laboratory Medicine and Pathology, University of Minnesota, Minneapolis,
Minnesota; 3epartment of Radiology, University of Minnesota, Minneapolis, Minnesota;

4Department of Surgical Oncology, Minneapolis, Minnesota; 5Division of Diabetes,
Endocrinology and Metabolism,Department of Medicine, University of Minnesota,

Minneapolis, Minnesota 55455, USA

*Conflict of interest: The authors have no conflict of interests to disclose.
*Correspondence to: Celalettin Ustun, MD, Associate Professor of Medicine, Division of

Hematology Oncology and Transplantation, Department of Medicine, University of Minnesota,
14-142 PWB, 516 Delaware Street SE, Minneapolis, MN 55455. E-mail: custun@umn.edu

Received for publication: 8 September 2016; Accepted: 15 September 2016
Published online: 19 September 2016 in Wiley Online Library

(wileyonlinelibrary.com)
DOI: 10.1002/ajh.24558

� References
1. Cunningham I, Kohno B. 18 FDG-PET/CT: 21st century approach to leukemic tumors in

124 cases. Am J Hematol 2016;91:379–384.
2. Liegel J, Courville E, Sachs Z, et al. Use of sorafenib for post-transplant relapse in

FLT3/ITD-positive acute myelogenous leukemia: Maturation induction and cytotoxic effect.
Haematologica 2014;99:e222–e224.

3. Ansari-Lari MA, Yang CF, Tinawi-Aljundi R, et al. FLT3 mutations in myeloid sarcoma. Br J
Haematol 2004;126:785–791.

4. Safaian NN, Czibere A, Bruns I, et al. Sorafenib (Nexavar) induces molecular remission and
regression of extramedullary disease in a patient with FLT3-ITD1 acute myeloid leukemia.
Leuk Res 2009;33:348–350.

5. Harris AC, Kitko CL, Couriel DR, et al. Extramedullary relapse of acute myeloid leukemia
following allogeneic hematopoietic stem cell transplantation: Incidence, risk factors and
outcomes. Haematologica 2013;98:179–184.

6. Davids MS, Kim HT, Bachireddy P, et al. Ipilimumab for Patients with Relapse after Allogeneic
Transplantation. N Engl J Med 2016;375:143–153.

Organ response in patients with AL amyloidosis treated with
NEOD001, an amyloid-directed monoclonal antibody

To the Editor: Amyloid light chain (AL) amyloidosis is a rare disease caused by the

tissue deposition of misfolded immunoglobulin light chains (LCs), produced by clonal

plasma cells, that potentially cause organ dysfunction and death [1]. Plasma cell-directed

(PCD) therapies inhibit abnormal LC production but do not address existing amyloid

deposits. Organ responses that may accompany hematologic response (HR; reduction or

complete removal of involved free LCs) are often variable and incomplete, creating a sig-

nificant need for amyloid-targeted therapies to halt and potentially reverse organ

dysfunction.

In preclinical studies, an anti-LC antibody, 2A4, was shown to specifically bind solu-

ble and insoluble aggregated LCs and mediate antibody-dependent phagocytosis [2]. We

have reported encouraging organ responses in a first-in-human, phase 1/2 clinical trial

(NCT01707264) with NEOD001 [3], a monoclonal antibody derived from 2A4. Herein,

we report detailed organ responses of two patients treated with NEOD001 after months

to years of persistent organ dysfunction despite previous HR.

The phase 1/2 study design assessed NEOD001 safety and has been described [3].

Each patient had a diagnosis of AL amyloidosis and previously experienced partial or bet-

ter HR to systemic therapy. Each was enrolled in a dose-escalating cohort for intravenous

NEOD001 infusion every 28 days (q28d) and ultimately escalated to the maximum toler-

ated dose (MTD; 24 mg/kg). Each patient provided informed consent, and the trial was

Fig. 1. A: Bisected portion of hemithyroidectomy. B: Portion of nodule. Correlation with microscopic slides showed pale tan areas (star) corresponded to areas of
MS; tan/brown areas (triangle) corresponded to areas of Hurthle cell adenoma. C: Interface between MS, Hurthle adenoma, and capsule with rim of benign thyroid
tissue (T; 23). D: Myeloid sarcoma (503). E: Hurthle cell adenoma (503). F: Benign thyroid (503). [Color figure can be viewed at wileyonlinelibrary.com]
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conducted in accordance with International Committee on Harmonisation Good Clinical

Practice guidelines and the tenets of the Declaration of Helsinki.

In November 2009, a 60-year-old man received a diagnosis of AL amyloidosis with

only renal involvement. He was previously treated with three different lines of PCD ther-

apy. Although the patient achieved complete HR to combined bortezomib, lenalidomide,

and steroid treatment, his proteinuria persisted >3 years later.

At enrollment in January 2014, the patient’s urinary protein was 5,129 mg/day (nor-

mal, <150 mg/day). We note that persistently elevated proteinuria, especially >5,000 mg/

day, will eventually lead to end-stage renal disease and necessitate dialysis [4]. This

patient also had slightly elevated serum creatinine (1.4 mg/dL; normal range, 0.8–1.3 mg/

dL), below normal creatinine clearance (62 mL/min; normal range, 77–160 mL/min), and

an eGFR not significantly impacted at baseline.

The patient began NEOD001 treatment 40.3 months after his last exposure to PCD

therapy. He was treated for 9 months with 16 mg/kg NEOD001 q28d, then was escalated

to 24 mg/kg (MTD) for the remainder of this trial. At the 5-month follow-up visit, after 4

infusions of NEOD001, proteinuria was reduced by 36%, which constitutes consensus-

defined renal response [4]. As of the trial cutoff date (May 9, 2016), he had received 29

infusions (20 at the MTD; Fig. 1A). His best response, recorded after 23 months of treat-

ment, revealed an 88% reduction in proteinuria from baseline (602 mg/day). The patient’s

serum creatinine levels had stabilized at 1.1 mg/dL, and his creatinine clearance had risen

to fluctuate within the normal range (74–92 mL/min). The patient’s estimated glomerular

filtration rate did not change from screening (52–60 mL/min/1.73 m2). He also experienced

progressive functional improvement, complete resolution of edema, and no more fatigue.

During the trial, the patient did not experience any serious (grade �3) adverse events

(AEs) but did experience mild to moderate AEs possibly related to the study drug

(fatigue, muscle spasms, infusion site reaction, and thrombocytopenia).

A second patient (46-year-old man) received a diagnosis of AL amyloidosis in Octo-

ber 2012 and presented with only cardiac involvement (Mayo cardiac stage II, New York

Heart Association [NYHA] functional classification II). He was treated with PCD therapy

and experienced complete HR. However, his N-terminal fragment of probrain natriuretic

peptide (NT-proBNP) level remained elevated and unimproved (3,914 pg/mL; >332 pg/mL

predicts poor prognosis [5]), indicating persistent cardiac dysfunction.

The patient began treatment with 4 mg/kg NEOD001 q28d in October 2013, 9.6

months after he experienced complete HR, at which point his baseline NT-proBNP level

was 3,312 pg/mL. His cardiac troponin level was <0.06 ng/mL, and his NYHA classifica-

tion was II. After eight infusions, he achieved a cardiac response by consensus criteria [5]

(NT-proBNP level was 2,196 pg/mL; 34% reduction from baseline) and normal cardiac

troponin (<0.01 ng/mL). The patient was escalated to 24 mg/kg at his 14-month infu-

sion, and his NT-proBNP continued to decrease (Fig. 1B). His lowest NT-proBNP mea-

sure (929 pg/mL; 72% reduction from baseline) was recorded after 31 months of

treatment. His cardiac troponin levels remained normal throughout the study, and, after

14 months of treatment, his NYHA classification stabilized at class I. In addition to these

biomarker improvements, the patient experienced progressive functional improvement

and significantly improved edema with a reduction in diuretic needs.

He did experience one serious AE (noncardiac chest pain necessitating hospitalization

[grade 3]), but it was deemed unrelated to the study drug, and he experienced no mild or

moderate AEs related to the study drug.

Since the study cutoff date reported here, these patients’ conditions have continued to

improve. In August 2016, the renal patient’s proteinuria was 378 mg/day and the cardiac

patient’s NT-proBNP level was 421 pg/mL.

Previous HR should be considered when assessing organ response after NEOD001

treatment. However, organ responses in both these patients might have been specifically

related to NEOD001 treatment because organ improvement was not evident in the

months to years after PCD treatment, suggesting that toxic amyloid did not resolve with

complete HR. Additionally, in the overall study population, neither the depth of best or

last HR nor the time since best or last HR predicted response to NEOD001.

These cases highlight the potential of an emerging class of AL amyloidosis drugs that

directly target deposited amyloid [6], administered as combined treatment with PCD

therapies or to patients who experience HR to previous systemic therapy but have persis-

tent organ dysfunction. These cases strongly suggest that administration of NEOD001

can result in organ responses not solely attributable to HR. NEOD001 is being evaluated

further in two randomized, placebo-controlled, global trials assessing NEOD001 treatment

in patients with newly diagnosed AL amyloidosis receiving standard of care (VITAL

phase 3/NCT02312206) and in patients with cardiac dysfunction refractory to past sys-

temic therapy (PRONTO phase 2b/NCT02632786).
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Figure 1. Renal and cardiac responses of patients after NEOD001 administration. A: The urinary protein level of patient 1 (60-year-old man) was 5,129 mg/
day at screening 40 months after he achieved CR from previous plasma cell-directed therapy (lenalidomide and steroid, then bortezomib and lenalidomide
and steroid, then high-dose melphalan followed by autologous stem cell transplantation). After infusion 4 (16 mg/kg NEOD001), reductions in his 24-hr pro-
teinuria met renal response consensus criteria [4] (236%; proteinuria 3,285 mg/day). The patient’s dose was escalated to the MTD at infusion 10 (orange
arrow). Best renal response was measured after 23 infusions (288% of baseline; proteinuria 602 mg/day), and he experienced no SAEs (grade �3) or dose
interruptions. Clinically, he experienced progressive functional improvement; edema was completely resolved, and he was no longer fatigued. B: Patient 2
(46-year-old man) had elevated NT-proBNP levels (>3,000 pg/mL) both after he achieved CR from previous chemotherapy (combined cyclophosphamide,
bortezomib, and dexamethasone) and at screening 9.6 months later. After infusion 8 (4 mg/kg NEOD001), his NT-proBNP level dropped to 2196 pg/mL
(233.7% of baseline) and met consensus criteria for cardiac response [5]. At infusion 14, his dose was escalated to the MTD (orange arrow), and his best
response to date was recorded after 31 infusions (272% of baseline; 929 pg/mL NT-proBNP). The patient did experience one grade 3 SAE (chest pain), but it
was deemed unrelated to NEOD001, and he has not had any dose interruptions. Clinically, he experienced progressive functional improvement and signifi-
cantly improved edema with a reduction in diuretic needs. *At diagnosis, the patient had renal involvement >0.5 g/day urinary protein excretion. He achieved
CR 10 months after diagnosis. CR, complete hematologic response; MTD, maximum tolerated dose; NT-proBNP, N-terminal fragment of probrain natriuretic
peptide; SAEs, serious adverse events.
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