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Minimal residual disease (MRD) detection has proven useful in the clinical management 
of leukemia, as it can be used to better monitor patients, refine treatment and facilitate the 
development of new therapies. Patients with acute myeloid leukemia (AML) are typically divided 
into different prognostic groups based upon both cytogenetics and traditional molecular profiles; 
however, these profiles are insufficient to adequately define the heterogeneity of disease.

The nucleophosmin (NPM1) gene is an important molecular marker for AML stratification. It is one 
of the most commonly mutated genes in this type of leukemia, and it is a relatively stable biomarker 
that can be utilized for MRD monitoring. NPM1 mutations occur in about 35% of AML patients at 
diagnosis, and in approximately 60% of adult AML patients that are classified as cytogenetically 
normal (CN-AML) 1.

NPM1 mutations have significant prognostic value. They generally confer a more favorable 
outcome in AML, and their positive prognostic impact is evident in patients lacking  FLT3 internal 
tandem duplication (ITD) mutation2 . In AML, FLT3 ITD mutations are associated with poor 
prognosis. The presence of an NPM1 mutation in tandem with a low FLT3 ITD signal ratio may also 
act to mitigate the negative prognostic effect. In addition, Ivey et al. suggest that regardless of 
clonal architecture, NPM1 mutations are a reliable marker for a majority of AML patients, and can 
reliably predict disease progression3. Thus, the availability of a sensitive and reliable assay to  
detect NPM1 mutations represents a significant advancement in guiding treatment decisions, as 
NPM1–mutated AML is one of the largest subgroups of AML in which treatment strategies are unclear.
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1| NPM1 MRD Clinical Testing Service

The NPM1 MRD Test developed by Invivoscribe is an amplicon-based next-generation sequencing (NGS) 
assay, which can detect mutations with a mutant cell sensitivity of 10-4 (1 mutant cell in a background of ten 
thousand normal cells; equivalent to an allelic sensitivity of 5x10-5 when a single mutant allele is present). 

Recommended sample types include peripheral blood, bone marrow, or high-quality extracted and 
purified genomic DNA (quantified with a method specific for double-stranded DNA). It is especially 
important that DNA be free of PCR amplification inhibitors when a high quantity (> 500 ng) of DNA is 
required for detection of mutations at low frequencies.

The following three controls are included in every test: 

1. A positive control with an NPM1 mutant allelic concentration of 5x10-5 (a mutant cell concentration of 
approximately 10-4).

2.  A negative control with a wild-type NPM1 gene.

3.  A no template control with water in place of the DNA sample in the PCR reaction.

The sequencing output data is analyzed using an Invivoscribe developed proprietary NPM1 MRD Data 
Analysis Software.

NPM1 MRD testing is currently being provided as a CLIA-validated service through an Invivoscribe  
fully-owned subsidiary, Laboratories for Personalized Molecular Medicine (LabPMM).

Service description:

LabPMM is a network of internationally harmonized reference laboratories, with locations in:

Interpretation Turn - around 
Time

Specimen  
Requirements

Shipping  
Conditions

Storage  
Conditions

An interpretive  
report will be  
issued indicating 
whether NPM1  
MRD was detected.

7 to 10 business  
days 

• 5 mL of peripheral 
blood in EDTA or ACD

• 3 mL of bone marrow in 
EDTA or ACD

• 1 μg of previously 
isolated DNA

•  Ambient or Cool;  
Do not freeze

•  Room Temp up  
to 72 hours

•  4°C up to  
7 days
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y = 1.0004x - 0.093
      R2 = 0.9809

2| Advantages of NGS-MRD Methodologies

MRD testing by NGS provides the sensitivity and specificity needed to detect the presence of residual 
disease. This method offers a number of advantages over the alternatives of flow cytometry and allele–
specific oligonucleotide PCR.

These advantages include the ability to:

1.  Standardize the workflow and testing in a regulated environment.

2.  Detect clones and newly emerging clones or subclones in follow-up samples.

3.  Test at a level of sensitivity only limited by the amount of input DNA interrogated.

4.   Generate concordant, worldwide harmonized sequence-specific results, plus confidence level calling 
for negative specimens.

3| Linearity of the Assay

DNA from a cell line with a characterized NPM1 mutation (4 bp insertion) was serially diluted into DNA 
from a wild-type NPM1 cell line and tested with the NPM1 MRD assay. Input DNA quantity was 700 ng per 
dilution point. The NPM1 MRD Data Analysis Software was used to analyze the data (Table 1). As shown in 
below, the linearity of the assay is excellent.
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FIGURE 1:  LINEARITY OF THE NPM1 MRD ASSAY 
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TABLE 1. LINEARITY OF THE NPM1 MRD ASSAY 

Expected Detected

5 x 10-1
4.83E-01

4.84E-01

1 x 10-2 9.57E-03

8.35E-03

5 x 10-3 3.93E-03

1 x 10-3 5.81E-04

6.05E-04

5 x 10-4 3.51E-04

1 x 10-4 5.34E-05

1.08E-04

5 x 10-5

6.23E-05

4.15E-05

2.15E-05

3.63E-05

2.5 x 10-5

2.04E-05

9.49E-06

1.29E-05

1.09E-05

3.38E-05

1 x 10-5

2.93E-05

1.02E-05

1.10E-05
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4| Sensitivity and Specificity

The sensitivity and specificity of the NPM1 MRD assay was demonstrated by testing 20 NPM1 positive 
clinical samples, further diluted into DNA from healthy peripheral blood to two levels, 1.0% and 0.1%, and 
10 healthy peripheral blood samples. The validation was carried out with different operators, instruments, 
reagent lots, and conducted on different days. Input DNA quantity was 700 ng per sample. 

Sensitivity and specificity of the NPM1 MRD assay is highlighted in Table 2. This table shows that the assay 
agreement is 98%. In addition, we observed no false positives in any of our negative samples nor controls. 
This points to a very high specificity and positive predictive agreement for the assay.

5| Feasibility Study

A group of blinded follow-up samples, which were previously tested at diagnosis with a capillary 
electrophoresis method, were tested with the NPM1 MRD assay. Clinical outcome for the follow-up samples 
was later made available and testing results are show below, on Table 3. The MRD assay correctly 
detected the NPM1 mutations in follow-up samples of patients who were not disease free. Patients without 
detectable NPM1 mutations by the MRD assay were disease free. These results demonstrate that the NPM1 
MRD assay is highly specific and may be used as a surrogate tool for prognosis.

TABLE 3:  SUMMARY OF CLINICAL SAMPLES TESTED BY A STANDARD METHOD AND THE NPM1 MRD ASSAY

PATIENT 
IDENTIFIER

NPM1 ANALYSIS
PATIENT 
STATUS*DIAGNOSTIC NPM1 PCR ASSAY  

RESULTS

INVIVOSCRIBE NPM1 MRD ASSAY OF 
FOLLOW-UP SAMPLES  

(VARIANT READ FREQUENCY)

1 POS 0 On treatment

3 POS 1.22E-04 Deceased

6 POS 1.57E-05 Relapsed

7
POS

2.77E-04 On treatment
POS

11 POS 0 Disease Free

12 POS 0 Disease Free
13 NEG 0 Disease Free
14 POS 2.03E-03 Deceased
16 N/A 0 Disease Free

*as of June 2016

TABLE 2:  SUMMARY OF SENSITIVITY AND SPECIFICITY OF THE NPM1 MRD ASSAY

TRUE POSITIVE FALSE POSITIVE TRUE NEGATIVE FALSE NEGATIVE SENSITIVITY SPECIFICITY

39 0 10 1 97.5% 100%
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