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Too many of the findings that fill the academic ether are 

the result of shoddy experiments or poor analysis 

(see article). A rule of thumb among biotechnology 

venture-capitalists is that half of published research 

cannot be replicated. Even that may be optimistic. Last 

year researchers at one biotech firm, Amgen, found 

they could reproduce just six of 53 “landmark” 

studies in cancer research. Earlier, a group at Bayer, a 

drug company, managed to repeat just a quarter of 67 

similarly important papers. A leading computer scientist 

frets that three-quarters of papers in his subfield are 

bunk. In 2000-10 roughly 80,000 patients took part in 

clinical trials based on research that was later retracted 

because of mistakes or improprieties.

http://www.economist.com/news/briefing/21588057-scientists-think-science-self-correcting-alarming-degree-it-not-trouble
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• Molecular in-vitro diagnostic examinations -

Specifications for preexamination processes 

for:

• Blood — Cellular RNA, gDNA, ccfDNA, ccfRNA

• Blood – Exosomes / Evs

• Blood Tumor Cells – DNA, RNA, staining

• Tissue (FFPE) — DNA, RNA, Protein

• Tissue (Frozen) – DNA, RNA, Proteins

• Tissue (FFPE) – in situ staining

• Fine Needle Aspirates – DNA, RNA, Proteins

• Saliva – DNA

• Urine & Body Fluids – cfDNA

• Metabolomics – Urine, Serum, Plasma

• Microbiome – Stool, Saliva etc. 

Published CEN  progressing at ISO 

Published ISO

CEN & ISO Standard Documents and EQAs



Application of qPCR and dPCR for C&GT

Recommendations from AAPS expert group



Calibrators, Reference Material and Quality Controls 

• Standard/calibrator curves should consist of at least six data points for each 
qPCR run.

• When possible, using the drug product and a full process standard curve is 
preferable, but choice of reference material should be guided by assay COU. 

• In shedding studies, encapsulated material is preferred.

• For biodistribution studies, plasmid DNA is acceptable given that vector DNA 
is often no longer encapsidated and may appear in episomal or other forms 
following in vivo processing.

• For assay validation, it is recommended to use drug product or plasmids 
manufactured for drug product. 

• For RT-PCR assays, RNA template should be used.



Calibrators, Reference Material and Quality Controls cont.,

• In addition to the standard curve, at least two QCs should be tested (high and 
low) with a preference for three (high, medium, and low) on each sample 
analysis run. 

• For studies and samples where confirming negative sample results is critical (i.e., 
vector shedding), a non-competing pre- or post-extraction spike-in control could 
be considered. 

• Extraction and assay NTCs should be run for all applications (qPCR/dPCR) to 
confirm that no contamination has occurred.



Precision & Accuracy – Validation criteria

• Precision and Accuracy (P&A) should be determined using spikes of positive 
control template in a background matrix of nucleic acid extracted from target 
tissues or biofluids from the species of interest. 

• Method accuracy and precision are assessed in validation over ≥6 runs, ≥2 
analysts, ≥2 days. 

• ULOQ (Upper Limit of Quantification), HQC (High Quality Control), MQC 
(Mid Quality Control), LQC (Low Quality Control), and LLOQ (Lower Limit of 
Quantitation) concentrations should be established in method development and 
their performance confirmed in method validation.

• Three occasions/determinations should be made per QC/LOQ level per run, 
with each QC/LOQ run in at least duplicate per determination. 



PCR efficiency and linearity

• Intra and inter-assay precision ≤30 % Coefficient of Variation (%CV) for QCs 
and ≤50 %CV for LOQs.

• Intra and inter-assay accuracy of -50 to 100 %RE for qPCR 

• For dPCR, the inter-assay accuracy for absolute copies measured should be RE 
≤ 30 % for QCs (≤ 50 % at LOQ). 

• PCR efficiency should be 90 – 100 % and presented with CI. (E > 100 % can 
be accepted if 100 % is within CI)

• Linear dynamic range should be established (for qPCR and dPCR)

• The curves are assessed in ≥6 runs, ≥1 curve per run, ≥2 analysts, ≥2 days, ≥2 
PCR instruments, when possible. 



Linearity

E = 96 % (CI: 93-99 %)

Y = a + b1X 
Y = a + b1X + b2X2 
Y = a + b1X + b2X2 + b3X3

Non-linear!

E = 93 % (CI: 89-96 %)

Linear!



Limit of Blank (LoB)

• LOB may be selected empirically at a 95% confidence (e.g., 19/20 replicate 
runs are negative) independent of PCR platform

• In dPCR LOB cam be derived assuming  a Normal distribution of positive 
partitions from blank samples:

 LOB = MeanNTC + 1.645(SDNTC)

• The LOB is reported as determined. 

• The LOB should be < LOD.



Limit of detection (LoD)

LOD is the lowest analyte concentration that yields an assay 

response which can be reliably distinguished from the assay 

response in the absence of analyte (i.e., NTC) but is not 

required to meet any precision and accuracy criteria for 

quantification.



Limit of Detection

Concentration when 95 % of replicates are positive 

A. Forootan, R. Sjöback, J. Björkman, B. Sjögreen, L. Linz, M. Kubista. Methods to determine limit of detection and limit of 
quantification in quantitative real-time PCR (qPCR). Biomolecular Detection and Quantification. Vol 12, 1-6 (2017) 



Limit of quantification (LoQ)

The LLOQ is the lowest concentration at which the 

target analyte can be quantified with demonstrated 

precision and accuracy within established acceptance 

criteria



Limit of Quantification

Lowest concentration when back calculated relative error in 
less than agreed specification, typically round 35 % 

A. Forootan, R. Sjöback, J. Björkman, B. Sjögreen, L. Linz, M. Kubista. Methods to determine limit of detection and limit of 
quantification in quantitative real-time PCR (qPCR). Biomolecular Detection and Quantification. Vol 12, 1-6 (2017) 



Prediction of unknowns

The International Journal of Biological Markers, Vol. 19 no. 1, pp. 76-79, 2004

Logarithmic scale Linear scale

Symmetric error bars Asymmetric error bars



ValidPrime standard assay

ValidPrime targets a unique non-transcribed conserved locus 

present in one copy per haploid human genome

8 < LoQ < 16

LoD: 2 < 2.5 < 3.7

64-128 replicates

E/% = 97.8 < 99.6 < 101.4

Methods to determine limit of detection and limit of quantification in quantitative real-time PCR (qPCR). Forootan, 
Sjöback, Björkman, Sjögreen, Linz, Kubista. Biomolecular Detection and Quantification 12 (2017) 1–62. 

Nucleic Acids Research, Volume 40, Issue 7, 1 April 2012, Page e51 Correction of RT–qPCR data for genomic DNA-
derived signals with ValidPrime. Henrik Laurell, Jason S. Iacovoni, Anne Abot, David Svec, Jean-José Maoret, Jean-
François Arnal, Mikael Kubista

https://doi.org/10.1016/j.bdq.2017.04.001
https://academic.oup.com/nar/article/40/7/e51/1200724
https://academic.oup.com/nar/article/40/7/e51/1200724
https://academic.oup.com/nar/article/40/7/e51/1200724


Digital PCR



ValidPrime for validation of new assays

• Synthetic dsDNA fragment (250 – 3000 bp) with ValidPrime and 
target sequences.

• Concentration of the fragment is measured by dPCR using the 
ValidPrime assay.

• Target assay sensitivity is validated using known amount of the 
fragment in dPCR. 

• Multiple targets can be validated in a single fragment
• A second fragment with variant sequence can be designed to test 

assay specificity

Synthetic DNA fragmentValidPrime Target sequences A

Synthetic DNA fragmentValidPrime Target sequences AX

Concentration determined with ValidPrime



Two-tailed PCR for short targets

www.two.tailedpcr.com

https://tataa365-my.sharepoint.com/personal/mikael_kubista_tataa_com/Documents/Seminars/Two-Tailed.mp4


2-Tailed PCR



Multiplexing with 2T-PCR

10 replicates

Generic probe



2T dPCR  for KRAS mutations

50 %

1 %

0.1 %



Optimize the whole workflow
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Ales Tichopad, Rob Kitchen, Irmgard Riedmaier, Christiane Becker, Anders Ståhlberg, and 
Mikael Kubista. Design and Optimization of Reverse-Transcription Quantitative PCR  
Experiments. Clin. Chem., Jul 2009;  doi:10.1373/clinchem.2009.126201 



Standard curve for complete dPCR workflow

Includes the preanalytical process!

Bias

Small offset

Preanalytical 
error dominates

dPCR error 
dominates

www.multid.se



Standard curve for complete dPCR workflow

Includes the preanalytical process!
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Small offset

Preanalytical 
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dPCR error 
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www.multid.se
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AAPS recommendations
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