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Abstract
Background Precise detection of anaplastic lymphoma kinase (ALK) rearrangement guides the application of ALK-targeted 
tyrosine kinase inhibitors (ALK-TKIs) in patients with non-small-cell lung cancer (NSCLC). Next-generation sequencing 
(NGS) has been widely used in clinics, but DNA-based NGS used to detect fusion genes has delivered false-negative results. 
However, fusion genes can be successfully detected at the transcription level and with higher sensitivity using RNA-based 
reverse transcription polymerase chain reaction (RT-PCR).
Objective This study compared the performance of RT-PCR and NGS in the detection of echinoderm microtubule-associated 
protein-like 4 (EML4)-ALK fusion in Chinese patients with NSCLC.
Methods Formalin-fixed paraffin-embedded tissues from 153 patients who were pathologically diagnosed as having NSCLC 
were collected from November 2017 to October 2019. Both DNA/RNA-based NGS and RNA-based RT-PCR were used 
to detect EML4-ALK fusion. For samples with discordant ALK status results, fluorescence in situ hybridization (FISH) or 
Sanger sequencing was used to further confirm the ALK status.
Results In total, 124 samples were successfully analyzed using both NGS and RT-PCR. For 118 samples, results were 
consistent between NGS and RT-PCR, with 25 reported as ALK fusion positive and 93 as ALK fusion negative, achieving 
a concordance rate of 95.16%. Among the six samples with disconcordant results, five were positive using RT-PCR but 
negative using NGS, and one was positive using NGS but negative using RT-PCR. Four of six cases with disconcordant 
results (three RT-PCR positive and one NGS positive) were successfully validated using either FISH or Sanger sequencing.
Conclusions Compared with NGS, RT-PCR appears to be a reliable method of detecting EML4-ALK fusion in patients with 
NSCLC.
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Key Points 

At the transcriptional level, reverse transcription poly-
merase chain reaction (RT-PCR) displays a reliable 
capacity to detect anaplastic lymphoma kinase (ALK) 
fusion in tissue samples from patients with non-small-
cell lung cancer (NSCLC).

Compared with next-generation sequencing, RT-PCR 
appears to be a reliable method for the detection of ALK 
fusion in cases with a low abundance of ALK fusions.

Our research suggested that, for patients with newly 
diagnosed NSCLC, RT-PCR may be a better method for 
ALK testing because of its accuracy, short turnaround 
time, and low cost.
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1 Introduction

The echinoderm microtubule-associated protein-like 4 
(EML4)–anaplastic lymphoma kinase (ALK) fusion con-
stitutes a major subset of ALK fusions, whereby 2–7% of 
non-small-cell lung cancers (NSCLCs) can be directly tar-
geted by ALK tyrosine kinase inhibitors (TKIs) [1–4]. ALK 
fusions can be identified using various techniques, includ-
ing fluorescence in situ hybridization (FISH) [5], reverse 
transcription polymerase chain reaction (RT-PCR) [6], next-
generation sequencing (NGS) [6], or immunohistochemistry 
(IHC) [7]. Lu et al. [8] reported that the incidence of EML4-
ALK, as detected with IHC, RT-PCR, and NGS, was 9.51% 
(170/1787), 11.62% (33/284), and 5.84% (58/994), respec-
tively, in patients with lung adenocarcinoma. Similar results 
were also observed in a cohort of 200 patients with NSCLC, 
in which RT-PCR yielded the highest EML4-ALK positivity 
(12.5%) (results with IHC or FISH analysis were 6.7 and 
4.5%, respectively) [6]. Therefore, RT-PCR seems to be a 
sensitive, reliable, and economical approach to the detection 
of EML4-ALK [7, 9]. Although RT-PCR was the first pub-
lished method for the determination of EML4-ALK fusion 
[4], NGS has gradually become widely available, providing 
high-throughput molecular analysis and genetic diagnostics, 
including fusion gene variation [10]. However, direct head-
to-head comparison studies of the ability of RT-PCR and 
NGS to detect EML4-ALK fusions are scarce, especially 
RNA-based comparisons. Letovanec et al. [11] provided evi-
dence that RT-PCR might be equivalent to RNA-based NGS 
in detecting ALK fusion. In this study, we investigated the 
concordance of EML4-ALK fusion status detection between 
RT-PCR and NGS in a cohort of NSCLC samples.

2  Materials and Methods

2.1  Patient Selection and Study Design

Eligible patients with pathologically confirmed NSCLC 
from November 2017 to October 2019 were reviewed 
based on previous ALK results determined using NGS 
(the DNA-sequencing library preparation used a commer-
cially available 168-gene panel by Burning Rock Biotech 
[Guangzhou, China]; the DNA/RNA-sequencing library 
preparation used two commercially available gene panels 
[13 and 161 genes] per the protocol of Ion AmpliSeq™ 
Colon & Lung Cancer Research Panel and Oncomine™ 
Comprehensive Assay v3 [ThermoFisher, Waltham, MA, 
USA]). NGS method details were prepared as previously 
described [12, 13]. In total, 153 patients underwent NGS 
testing, with results showing 29 were ALK fusion positive 
and 124 were negative. Formalin-fixed paraffin-embedded 

(FFPE) tissues from 153 patients were accessible. As 
approved by the institutional review board of the First 
Affiliated Hospital, Sun Yat-sen University, RT-PCR was 
used to detect ALK rearrangements in these groups, and 
a total of 124 samples were successfully tested (of the 
124 successful samples detected by RT-PCR, the NGS 
results of 119 cases were based on RNA library prepara-
tion, and the other five cases were based on DNA library 
preparation; Table 1. Samples with discordant results were 
validated using FISH or Sanger sequencing. Histology and 
stage were determined based on the 2015 World Health 
Organization classification (Table 1). All patients provided 
written informed consent before enrollment, and partici-
pation in this study was covered by this protocol (Fig. 1). 

2.2  Nucleic Acid Preparation

Genomic DNA and RNA was extracted from 4- to 5-μm 
FFPE sections using AmoyDx DNA, RNA Kits (Amoy 
Diagnostics Co., Xiamen, China) following the manufac-
turer’s instructions.

Table 1  Demographic and clinical characteristics of the patients with 
samples tested using reverse transcription polymerase chain reaction

Data are presented as n (%) unless otherwise indicated
NGS next-generation sequencing

Characteristics Totals, N = 124

Age, years
 Median 60
 Range 26–87

Sex
 Male 51 (41.3)
 Female 73 (58.7)

Smoking status
 Yes 37 (29.8)
 No/unknown 87 (61.2)

Histologic type
 Adenocarcinoma 101 (81.5)
 Squamous cell carcinoma 20 (16.1)
 Other 3 (2.4)

Stage
 I–IIIa 60 (48.38)
 IIIb–IV 59 (47.58)
 Unknown 5 (4.03)

NGS detection
 DNA library preparation 5 (4.03)
 RNA library preparation 119 (95.97)
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2.3  Detecting Anaplastic Lymphoma Kinase (ALK) 
Fusion Using Reverse Transcription Polymerase 
Chain Reaction (RT‑PCR)

ALK fusion was detected using the AmoyDx EML4-
ALK Fusion Gene Diagnostic Kit (Cat no. ADx-FF04; 
Amoy Diagnostics Co., Xiamen, China) within a range 
of 26 known transcript variants of EML4-ALK fusion (see 
Table 1 in the electronic supplementary material [ESM]) 
following the manufacturer’s instructions).

2.4  Fluorescence In Situ Hybridization (FISH) 
and Sanger Sequencing

A commercially available ALK probe (Vysis LSI ALK Dual 
Colour, Break Apart Rearrangement Probe; Abbott Molecu-
lar Inc., Abbott Park, IL, USA) was used according to the 
manufacturer’s instructions. Findings were defined as ALK 
positive and weakly positive, respectively, if > 15% of 50 
(minimum) or 100 and 10–15% of 100 analyzed tumor cells 
displayed split red-green probes signals or isolated red sig-
nals. In addition, for cases with insufficient FFPE tissue, the 
RT-PCR product underwent Sanger sequencing to confirm 
ALK fusion.

2.5  Statistical Analysis

Analysis was performed using SPSS version 22.0 (IBM Cor-
poration, Armonk, NY, USA). The concordance of results 
generated with RT-PCR and NGS was demonstrated using 
McNemar–Bowker’s test and kappa (κ) statistics. A relative 
level of EML4-ALK fusion was determined using the com-
parative cycle threshold (CT) method quantification  (2−ΔCT 
method) [14, 15]. Student’s T test was applied to examine 
the statistical significance. A two-tailed P value of 0.05 was 
considered significant.

3  Results

3.1  Concordance of ALK Fusion Detected by RT‑PCR 
and Next‑Generation Sequencing (NGS)

In total, 124 samples were successfully analyzed using both 
NGS and RT-PCR. RT-PCR detected EML4-ALK fusion in 
five of the 98 ALK-negative patients with NSCLC (5.1%) 
defined using RNA-based NGS. Among 26 NGS-defined 
(five cases for DNA based, 21 cases for RNA based) ALK 
fusion-positive patients, only one patient with a rare fusion 
partner detected with RNA-based NGS displayed a negative 

Fig. 1  Flowchart showing the 
selection of study participants. 
ALK anaplastic lymphoma 
kinase, FISH fluorescence 
in situ hybridization, NGS next-
generation sequencing, NSCLC 
non-small-cell lung cancer, 
RT-PCR reverse transcription 
polymerase chain reaction
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result using RT-PCR. The consistency of the two methods 
for EML4-ALK fusion detection was 94.96% (95% confi-
dence interval [CI] 89.89–97.93) (Table 2). No statistically 
significant difference in efficiency in detecting EML4-ALK 
fusion between RT-PCR and NGS was observed for RNA-
based detection (kappa = 0.8386, P = 0.2188).

3.2  Comparison of EML4‑ALK Cycle Threshold Value 
between NGS‑Negative and ‑Positive Samples

CT values for RT-PCR for all samples were divided 
into three groups according to their library construction 
approaches: DNA-NGS positive, RNA-NGS positive, and 
NGS negative. As shown in Fig. 2a, a relative level of 
EML4-ALK fusion was presented as  2−ΔCT for three group 
samples, the  2−ΔCT value of the samples with NGS-nega-
tive results was significantly lower than that of the samples 
with DNA-NGS-positive and RNA-NGS-positive results 
(P < 0.05). In addition, the five NGS-negative samples 
detected as positive using RT-PCR all had a low abun-
dance of ALK fusion (Fig. 2b). These results suggested 
that RT-PCR can detect positive signals even if the level 
of ALK fusion in tumor tissue is low.

3.3  Validation of Inconsistent RT‑PCR 
or NGS‑Yielded ALK Fusions by FISH or Sanger 
Sequencing

Results for six patients were inconsistent between RT-PCR 
and NGS, and the NGS results of these samples were all 
based on RNA library preparation. One PCR-positive/
NGS-negative case was not validated because no sample 
was available. Among four RT-PCR-positive/NGS-negative 
samples, three samples were successfully validated using 

either Sanger sequencing (n = 1) or FISH (n = 2); the other 
sample displayed a 6% FISH-positive rate. Furthermore, one 
patient with RT-PCR had a rare EML4-ALK subtype, and 
FISH displayed a positive result (Table 3, Fig. 3).

4  Discussion

A recent large-scale population-based study by Lu et al. 
[8] indicated that, when investigating the use of IHC, RT-
PCR, and NGS, RT-PCR provided the highest EML4-ALK-
positive rate. Although this conclusion was not obtained 
from the same sample set, it indicated a putative advantage 
of RT-PCR for the detection of ALK fusion in real-world 
clinical routine scenarios.

Detecting fusions at the transcriptional level is a better 
approach than DNA-based NGS. Targeted DNA-based NGS 
sought to detect all types of oncogenic alterations, includ-
ing fusions [16]. However, the complexity of genomic 
rearrangements meant that breakpoints usually occurred 
at introns that could not be completely covered by DNA-
based targeted sequencing [17, 18]. Detecting fusions at the 
transcriptional level is easier. Benayed et al. [19] reported 
that samples from patients with lung adenocarcinoma lack-
ing oncogenic driver alterations given by DNA sequencing 
(MSK-IMPACT) underwent a clinically validated targeted 
RNA sequencing assay (MSK-Fusion). Among 232 suc-
cessfully sequenced samples, 33 cases showed actionable 
in-frame fusions, including ALK fusions.

In this study, most samples (119 of 124) successfully 
detected by RT-PCR were previously tested using RNA-
based NGS. Interestingly, RT-PCR found extra ALK fusion-
positive patients among those with negative RNA-based 
NGS results. Among 30 patients with PCR-defined ALK 
rearrangements, the  2−ΔCT values of the samples with NGS-
negative results were significantly lower than those of the 
samples with DNA and RNA-NGS-positive results. Most of 
these extra ALK-positive patients were further successfully 
validated using Sanger sequencing or FISH. These results 
suggested that, even at the transcriptional level, RT-PCR is 
more sensitive than RNA-based NGS and was able to find 
extra EML4-ALK fusions of low abundance.

For patients with ALK NGS-negative/RT-PCR-positive/
FISH-negative results, the following reasons may contrib-
ute to the inconsistency. First, the original tissue was no 
longer available (ID: 1902861); second, the proportion 
of tumor cells in the FFPE sample was too low (6%, ID: 
1902861) to obtain an adequate positive EML4-ALK sig-
nal. In clinical practice, it is generally recommended that 
samples used for molecular detection should have >20% 
tumor cells [20, 21], which may yield sufficient tumor cells 
for a reliable result. Additionally, the EML4-ALK subtype 
(E6:A18) detected by NGS exceeded the primers’ scope of 

Table 2  Consistency of the two methods for EML4-ALK fusion of 
RNA-based detection

EML4-ALK
PCR

P value
Positive Negative

NGS
Positive 20 1a kappa=0.8386

p = 0.2188bNegative 5 93

Over concordance rate (95% CI) 94.96% (89.89–97.93)

ALK anaplastic lymphoma kinase, ARMS amplification-refractory 
mutation system, CI confidence interval, EML4 echinoderm microtu-
bule-associated protein-like 4, NGS next-generation sequencing, PCR 
polymerase chain reaction
a EML4-ALK (E6:A18) fusion that exceeded the detection scope of 
ARMS-PCR (see Table 1 in the electronic supplementary material)
b McNemar’s test
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RT-PCR (ID: 1910882). Information about the therapeutic 
response to ALK-TKIs of these patients was not included for 
analysis because of a lack of therapeutic information about 
ALK inhibition, but treatment information for these patients 
is provided in Table 2 in the ESM. It is reported that the 
median progression-free survival of osimertinib should be 
much longer than 3 months, even where EGFR and TP53 
mutations co-exist [22]. Thus, for one patient (ID: 1902861), 
the resistance mechanism should be ALK fusion, which was 
not detected with NGS.

This study has several limitations. First, this was a ret-
rospective study with selected patients, which could have 
induced a selection bias. Second, the number of patients 
included in the study was insufficient. Third, only FFPE 

samples were used for comparison, resulting in a lack 
of further validation by other specimen forms, such as 
cytological samples [23, 24]. Fourth, the two tests were 
performed with the same specimens at different times, 
whereas it would have been better to perform the two 
tests at the same time with the same specimens to pre-
vent technical concerns related to discordant results. Fifth, 
EML4-ALK subtypes detected with NGS might exceeded 
the primers’ scope of RT-PCR. Furthermore, therapeutic 
response was not included for analysis because of the lack 
of therapeutic information about ALK inhibition (Table 2 
in the ESM). Thus, further large-scale and prospective 
investigations are warranted to resolve some of these 
limitations.

Fig. 2  Consistency of the two methods of detecting EML4-ALK 
fusion. a The relative level of EML4-ALK fusion  (2−ΔCT value) tested 
using RT-PCR in DNA-NGS-positive, RNA-NGS-positive, and NGS-
negative samples was compared. b The CT value of EML4-ALK in 
NGS-positive and NGS-negative samples (red dots indicate high CT 

values). *P <0.05 unless specified otherwise. ALK anaplastic lym-
phoma kinase, EML4 echinoderm microtubule-associated protein-
like 4, CT cycle threshold, NGS next-generation sequencing, RT-PCR 
reverse transcription polymerase chain reaction

Table 3  Comparison of different methods to detect ALK fusion

ALK anaplastic lymphoma kinase, FISH fluorescence in situ hybridization, ID identification, NA not available, NGS next-generation sequencing, 
RT-PCR reverse transcription polymerase chain reaction

Sample ID Percentage of tumor cells ALK-NGS ALK-RT-PCR FISH/Sanger sequencing

f182120-1A 50 Negative Positive Positive (E13:A20)
1902861 2 Negative Positive NA
P01002-1B 25 Negative Positive Weakly positive (12%)
1911802 6 Negative Positive Negative (6%)
1910754-1 3 Negative Positive Positive (22%)
1910882 15 Positive (E6:A18) Negative Positive (34%)
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5  Conclusions

This study found that, even at the transcriptional level, RT-
PCR displays a reliable capacity to detect EML4-ALK fusion 
in tissue samples from patients with NSCLC, especially in 
those with low levels of ALK fusion. These results suggested 
that, for patients with newly diagnosed NSCLC, RT-PCR 
may be a better method of testing for ALK fusions because 
of its accuracy, short turnaround time, and low cost.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s40291- 021- 00532-8.
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