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Detection of minimal residual disease in lung cancer
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Jozef Skardad, Marian Hajduchc, Cestmir Neorala

Background. Even after successful radical treatment of lung cancer, patients in stages I and II of the TNM system very 
frequently suffer recurrence, which end lethally. Detection of subclinical residual disease after surgery is thus one of 
the most important emerging diagnostic methods.
Minimal residual disease (MRD) is defined as the presence of isolated tumor cells or circulating cells in a patient after 
curative primary tumor removal and at the same time, no clinical signs of cancer. Conventional methods cannot detect 
minimal residual disease and hence there is a need for detection using new molecular biological methods.
Methods. We searched the PubMed database for original and review articles on minimal residual disease in lung 
cancer. Search words were “lung cancer”, “minimal residual disease” and “detection of minimal residual disease”. The 
publications we found were compared with the results of our own studies on the detection of minimal residual disease 
in lung cancer and the personal experiences are described. Examination of blood samples from 98 healthy volunteers 
and bone marrow from 12 patients with non inflammatory and non tumour illness, were used to determine cut-off 
values   for specific markers in the compartments. Subsequently, expression of selected markers in tumor tissue was 
analysed in a pilot sample of 50 patients with lung cancer and the presence of MRD was measured as expression of 
values of the   tested markers correlated with clinico-pathological characteristics.
Conclusions. Recent studies on other malignancies apart from lung cancer have shown the importance of MRD 
detection in the determination of disease progression and prognosis. The methods of MRD diagnostics are based 
on detection of specific tumor markers. Of these, the most specific for lung cancer, appears to be the LunX protein. 
The best method for determining MRD is probably RT-PCR. Further studies should expand knowledge in this area: to 
refine understanding of the importance of tumor markers for prognosis, as well as to confirm the significance of these 
findings in clinical practice.
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INTRODUCTION

Lung cancer is a common cancer in the human popu-
lation with an increasing incidence worldwide. In 2008, 
there were globally 1.61 million new cases and a result-
ing 1.38 million deaths (globocan.iarc.fr). In the Czech 
Republic, lung cancer ranks fourth after prostate, breast 
and colorectal tumors. In 2008 there were a total of 6527 
cases of lung cancer (4693 or 91.8 cases per 100 000 
men and 1,834 cases or 34.5 cases per 100 000 women) 
(www.uzis.cz). Compared to prostate, breast and colorec-
tal cancer, however, lung cancer takes precedes in terms of 
mortality as one of the most lethal of cancers. Prognosis 
in the case of late-diagnosed or untreatable patients is a 
median survival of 17 months from diagnosis. Current 
treatment is usually multimodal but the only curative 
method remains surgical lung resection followed by radi-
cal lymphadenectomy. Curative surgery, however, is only 
possible in approximately 20% of patients1.

The most important factors in disease prognosis re-
main histological tumour type (e.g.small cell v non-small) 
and TNM classification. However, even in stage I, only 
57-78% of patients survive 5 years, the 5-year survival in 
stage II is between 39-66%, in stage IIIA it is between 23-
33% and in stage IV, 5-year survival is rare. Relapses occur 
despite adequate treatment in about 70% of patients in 
stages I and II. In 80%, the recurrence is due to systemic 
disease, which despite intensive treatment is the cause of 
death. It follows that in patients in the early stages, there 
is subclinical systemic disease which, although we are un-
able to detect it using conventional methods, is the origin 
of the disease recurrence2.

Current conventional examination methods (light mi-
croscopy, immunohistochemistry, flow cytometry, etc.) 
cannot usually reveal early dissemination and especially 
circulating and disseminated tumor cells, which become 
the precursors of distant metastases. Only with the use 
of new molecular biological methods can these individual 
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tumor cells and/or their clusters be detected in the body 
and thus enable determination of the systemic extent of 
the disease, monitoring of treatment and detection of 
early relapse.

Minimal residual disease (MRD) is defined as the 
presence of such isolated or circulating tumor cells in a 
patient in whom there has been curative primary tumor 
removal and at the same period no clinical signs of cancer. 
Tumor cells can be detected in the blood (Circulating 
tumor cells, CTS) in the bone marrow (disseminated tu-
mor cells, DTS), in the lymphatic system, in the pleural 
effusion, or fluid in the abdominal cavity3. Commonly 
used imaging, biochemical, cytogenetic and immuno-
logical methods are able to detect 1 cancer cell among 
10 to 100 000 non tumor cells. The introduction of new 
molecular biological methods based on the principle of 
polymerase chain reaction (PCR) allows us detect one 
cancer cell in 10 million non tumour cells4. This method 
was first used in hematooncology, where well-described 
genetic changes and highly specific and sensitive markers 
of tumor cells were discovered5,6.

For solid tumors, the situation is seriously hampered 
by lack of known sufficiently sensitive and specific tumor 
markers of circulating tumor cells due to the high degree 
of genetic instability and tumor heterogeneity. The prin-
ciple of detecting residual disease in epithelial tumors is 
the detection of epithelial cancer cell markers in mesen-
chymal areas, i.e. in an atypical environment for them. By 
taking samples from patients before and after surgery it 
is possible from decrease or increase in the gene expres-
sion of tumor markers, to monitor the development of 
the cancer and treatment effect. In the case of increase 
in monitored markers, it is possible to detect the recur-
rence of cancer before clinical symptoms develop. This 
finding is important in treatment strategies and disease 
prognosis7. At present, a number of studies are in progress 
on the prognostic significance of MRD. However, despite 
ever new findings suggesting the potential clinical value of 
determining MRD, the relevance of residual populations 
of tumor cells in mesenchymal compartments after radi-
cal surgery is not sufficiently elucidated. This is due to 
the heterogeneity of the methods used and in the tumour 
samples, a lack of a statistically significant group of pa-
tients whose MRD positivity or negativity was correlated 
with clinically defined macroscopic status.

METHODS

Methods for MRD detection
To determine MRD several methods with different 

sensitivity, specificity, cost and technical complexity can 
be used.

First immunohistochemistry: reactions of monoclonal 
antibodies to specific antigens of tumor cells.

Second flow cytometry: determination of quantity of 
surface and intracellular antigens using monoclonal anti-
bodies conjugated with fluorescent dye passing through a 
measuring chamber, where it is linked to fluorochrome ex-

citation and emitted radiation is detected by a photomul-
tipliers. The resulting signal is processed by a computer.

Third polymerase chain reaction - PCR: detection of 
selected DNA sequences through its amplification using 
sequence-specific oligonucleotides and DNA polymerase.

Fourth, transcriptase polymerase chain reaction in 
real time - RT-PCR: the most sensitive method based on 
the principle of reverse - transcriptase polymerase chain 
reaction in real time, using which it is possible to detect a 
single cancer cell among 10 million non tumour cells. RT-
PCR is the study of gene expression, where the screened 
character of epithelial tumor cells is the information - 
messenger RNA (mRNA). It has been repeatedly dem-
onstrated in numerous studies that RT-PCR is the most 
accurate and most sensitive method for the determina-
tion of circulating tumor cells in colorectal cancer, breast 
cancer, renal cell carcinoma8-10 and pancreatic cancer11,12.

Tumor markers
Individual markers used to determine minimal residual 

disease, differ in their specificity and sensitivity. Among 
the most widely used tumor markers is the carcinoembry-
onic antigen (CEA). This is a cell surface glycoprotein, 
whose expression is elevated in 95% of tumors of the 
gastrointestinal tract, 70% of non-small cell lung cancers 
(NSCLC) and 50% of breast cancers13. Another suitable 
marker is the receptor for the epidermal growth factor-1 
(EGFR-1), belonging to the HER group. Differences in 
the expression of various growth factor HER groups in 
various types of cancers can be used as diagnostic and 
prognostic factors in determining MRD. It is increasingly 
being shown that EGFR1 expression is raised in 70% of 
breast, lung and intestinal cancers14. The receptor for the 
hepatocyte growth factor (c-MET), which after binding to 
the membrane receptor, stimulates the hepatocyte growth 
factor, has a number of other important functions in the 
development and regeneration of tissues. It also par-
ticipates in oncogenesis and the progression of cancers. 
Cytokeratin (CK 19) belonging to the group of proteins 
of the epithelial cell cytoskeleton, is also used as a marker 
for MRD in colorectal and breast cancer15.

Detection of minimal residual disease in lung cancer
Progress in the diagnosis of lung cancer is greatly 

limited by the lack of diagnostic markers as mentioned. 
However, there has been some recent progress. After 
failure in using existing markers, in 2001, Japanese re-
searchers identified a promising new lung-specific 
protein, LunX. Its gene was localized to chromosome 
20p11 1 - q12 and identified using the RT-PCR meth-
od16. In that study, 104 lymph nodes in 20 patients with 
NSCLC were examined. LunX mRNA expression was 
identified in 16 (80%) of the 20 histologically positive 
nodes and 21 (25%) of 84 histologically negative lymph 
nodes. The authors concluded that the RT-PCR test for 
the presence of LunX is a suitable diagnostic method for 
the detection of metastatic NSCLC.

In 2008, Cheng developed a study to evaluate in de-
tail the importance of tumor markers and assess their 
diagnostic significance in NSCLC. Again they used RT-
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PCR to detect mRNA for LunX, CK19 and CEA in pe-
ripheral blood and pleural fluid. They compared a group 
of patients with NSCLC with a group of patients with 
other epithelial cancers (breast cancer and oesophagus). 
Another group consisted of patients with benign lung dis-
ease and in the last group were only healthy individuals. In 
peripheral blood, increased levels of LunX mRNA were 
found in 33 out of 44 patients with NSCLC. In patients 
with epithelial carcinomas (0/28), in benign lung disease 
(0/10) and in healthy volunteers (0/15) no elevated LunX 
mRNA was detected. All other genetic markers were posi-
tive not only in patients with NSCLC, but also in other 
groups. The rate of positivity of LunX mRNA in peripher-
al blood was associated with cancer progression. Further, 
LunX mRNA was detected in 92.2% (13/14) of patients 
in samples of malignant pleural effusion, but was absent 
in benign effusions. The examined patients showed re-
duced LunX mRNA expression in peripheral blood after 
initiation of treatment. The authors concluded that LunX 
mRNA was the most specific gene marker for lung cancer 
of the tumor markers used in this study17.

The aim of Japanese authors led by Fumihury Tanaka 
in 2009 was to determine the prognostic significance of 
CTCs in the peripheral blood of patients with lung can-
cer, with non tumour disease and in patients with dis-
tant metastases18. They demonstrated a greater number 
of CTCs in patients with lung cancer, but this difference 
was not statistically significant. For patients with disease 
progression,and in particular with the development of 
distant metastases there was a statistically significant in-
crease in number of CTCs (sensitivity 71%, specificity 
83%) detected by antibodies against epithelial adhesion 
molecule (EpCAM).

C-Met receptor and its ligand, hepatocyte growth 
factor is involved in tumor invasiveness and metastasis 
formation. Overexpression of c-Met was detected in lung 
cancer, but so far it has not been assessed as level of c-Met 
in peripheral blood. Monitoring of c-Met might be useful 
for selecting patients for adjuvant cancer therapy19,20. It 
has been repeatedly demonstrated in lung cancer, that 
c-Met is involved in angiogenesis, growth and invasion21. 
The first study to focus on the presence of c-Met in pe-
ripheral blood and its prognostic significance in patients 
with NSCLC, was done by Chinese researchers in 2005. 
c-Met RNA was investigated in tumor tissue and periph-
eral blood of patients with NSCLC using RT-PCR and 
the results were compared with immunohistochemical 
methods. The study found a potential role for c-Met as 
a prognostic factor in NSCLC. The results showed that 
c-Met intumor tissue is associated with number of c-Met 
in circulating blood. Increased levels of circulating c-Met 
significantly correlated with lymph node involvement, 
which means that in NSCLC patients with higher lev-
els of c-Met there was more disease advancement. C-Met 
accurately predicts risk of recurrence and metastasis. 
Overexpression of c-Met was found in 75.5% of cases us-
ing RT-PCR in comparison with 60% using immunohis-
tochemical methods. RT-PCR has a high detection rate 
and low variability in assessing gene expression. This is 
consistent with the results of other studies showing that 

RT-PCR is more sensitive than immunohistochemistry22. 
The above study also showed that the expression of c-Met 
in peripheral blood signals a high risk of recurrence and 
is an independent negative prognostic factor in patients 
with NSCLC (ref.23).

Jiam Ming et al tracked the number of circulating 
tumor cells in patients with NSCLC in the periopera-
tive period using RT-PCR. They chose as markers CK19 
and CEA, which were examined in 69 peripheral blood 
samples. The group included 23 patients with NSCLC 
who had undergone radical surgery. Blood samples were 
taken before, during and after the surgery. Before surgery, 
patients were randomly divided into 2 groups. One group 
underwent ligation of the pulmonary vein first and in the 
second, ligation was performed first on the pulmonary ar-
tery. The control group included ten patients with benign 
disease who underwent surgical resection. The results sug-
gest that assessment of systemic involvement in patients 
with NSCLC is preferable using both CEA and CK19. 
Cells expressing CK19 were already circulating during the 
operation, and cells that expressed CEA were frequently 
disseminated only in the postoperative period. Surgical 
manipulation may lead to the dissemination of tumor cells 
into the blood circulation but this could be prevented by 
ligation of the pulmonary vein before pulmonary artery 
ligation24.

In 2002, Masato et al focused on small-cell lung cancer 
(SCLC), which tends to hematogeníc rapid progression. 
To detect the microscopic spread of tumor they exam-
ined specific genes in peripheral blood and bone mar-
row. Markers used were trans-gastrin-realeasing peptide 
(preproGRP), Neuromedin B receptor, gastrin releasing 
peptide receptor. The results were again analyzed by RT-
PCR. All three tumor markers were detected in the bone 
marrow, often with distant metastases and in SCLC using 
RT-PCR in bone marrow they indicate a poor prognosis19.

Our experience
The Laboratory of Experimental Medicine, Institute of 

Molecular and Translational Medicine, Palacky University 
Olomouc and First Department of Surgery, University 
Hospital in Olomouc have the most extensive experience 
in the Czech Republic in the determination of minimal re-
sidual disease in breast, colorectal and pancreatic cancer. 
In recent years, research has focused on the determination 
of minimal residual disease in lung cancer.

For the detection of MRD, patients with NSCLC were 
examined using RT-PCR to detect RNA carcinoembry-
onic antigen (CEA), the receptor for epidermal growth 
factor receptor (EGFR), lung-specific X protein (LunX) 
and the receptor for hepatocyte growth factor (c-Met) as 
markers of tumor cells.

Based on examination of blood samples from 98 
healthy volunteers and bone marrow from 12 patients 
with non inflammatory and non tumour illness, statisti-
cal analyses were used to determine cut-off values   for each 
marker in the compartment (Table 1). Further, expression 
of selected markers in tumor tissue was analysed. The 
results showed that LunX is highly expressed specifically 
in tumors of lung origin as well as CEA and EGFR. c-Met 
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lacks specificity. After examination, the presence of MRD 
in a pilot sample of 50 patients with lung cancer was mea-
sured as expression of values of   tested markers correlated 
with clinico-pathological characteristics (Table 2). The re-
sults of the analysis showed that LunX is a good candidate 
for the detection of MRD in patients with lung cancer. 
Determination of MRD in lung cancer is a promising 
prognostic indicator. Its true clinical significance however 
remains and the results call for another study25.

DISCUSSION

Hematologists have the greatest experience in moni-
toring minimal residual disease as the hallmark of suc-
cessfully treated hemoblastosis is to achieve complete 
remission5,6. The issue is whether remission assessed only 
by classical methods (microscopy, radiodiagnostics), can 
be called a complete clinical remission (CCR): when re-
lapse can occur due to the inability of routine methods to 
capture residual tumor cells. Molecular-genetic methods 
that achieve a sensitivity of 10-5 to 10-7 cells are still fre-
quently used for the detection of residual tumor disease. 
If we determine remission by these methods, we call it a 
complete molecular remission (MCR), which for hema-
toblastosis is a positive prognostic factor5.

Solid tumors too are shown to have their “leukemic” 
phase26. Metastatic dissemination, ceteri paribus, is con-
ditioned by release of tumor cells into the circulation. The 
models showed that 1 gram of tumor tissue can release 
into the circulation up to one million tumor cells per day. 

Unlike hematoblastosis, the tumor cells in the circula-
tion, are exposed to hormone and cellular immune mecha-
nisms. They have to withstand adverse conditions. The 
processes allowing tumor cells to remain in circulation 
and go on to establish metastases are being recognised 
very slowly. Not every cancer cell is able to enter the circu-
lation and create a metastasis. Of a number of circulating 
apoptotic cells, some are dormant; more are incapable 
of protein synthesis, cell proliferation and induction of 
angiogenesis27. Most are destroyed by the immune sys-
tem. For this reason, detectiing circulating tumor cells 
using highly sensitive molecular-genetic methods does not 
mean automatic relapse or persistence of the tumor. In 
connection with sentinel nodes in breast cancer, Weaver 
postulated that polymerase chain reaction used for tumor 
cell markers is too sensitive and identifies many PCR posi-
tive cases and that this number far exceeds the empirical 
rate of recurrence28. It is therefore clear that only further 
studies will be able to answer the question of the real clini-
cal significance of detecting minimal residual disease for 
prognosis and for tailoring the treatment strategy.

Several studies16-25, published in this area with a focus 
on lung cancer, have provided knowledge of the clinical 
significance of tumor markers for the detection of MRD. 
Of these the most specific marker appears to be Lunx 
protein16,17,25, although some other markers appear to be 
applicable for MRD detection in lung cancer, especially 
CEA (ref.17,24,25). For others (c-Met), the results are incon-
sistent and controversial20-23,25.

One interesting impact study on ascertaining MRD 
in lung cancer is about the effect of tumor manipulation, 
the lung and pulmonary vascular ligation sequence and 
consequent risk of inducing tumor cell dissemination24. 
In clinical practice, thoracic surgery is still predominantly 
a technicist approach, requiring primarily ligation of ar-
teries first and then veins during pulmonary resection, 
as there is greater concern for bleeding in lung paren-
chyma in the case of the opposite procedure. However, 
the method used does not logically prevent the spread of 
cancer cells released in the direction of the blood flow in 
the pulmonary veins of the left atrium of the heart and 
into the systemic circulation. This fact should be the basis 
for discussing changes in procedure for resection.

Table 1. Cut-off values   for markers in the specified 
compartments.

Periferal blood Bone marrow

CEA 200 cop/μg RNA 350 cop/μg RNA

c-met 8 500 cop/μg RNA 11 500 cop/μg RNA

EGFR 250 cop/μg RNA 30 000 cop/μg RNA

LUNX 30 cop/μg RNA 550 cop/μg RNA

The values were obtained by analyse of the examination of blood sam-
ples from 98 healthy volunteers and bone marrow from 12 patients with 
an inflammatory disease.

Table 2. Expression of   tested markers. 

Clinical
stage

Positivity of CEA 
in bone marrow

% (positive/total)

Positivity of c-met 
in systemic blood
% (positive/total)

Positivity of LUNX 
in lung vein blood
% (positive/total)

Total positivity 
of LUNX

% (positive/total)

I 41.4 (12/29) 6.9 (2/29) 3.6 (1/28) 21.4 (6/28)

II 63.6 (7/11) 9.1 (1/11) 30.0 (3/10) 2.0 (2/9)

III 77.8 (7/9) 25.0 (2/8) 28.6 (2/7) 3.0 (3/7)

The results are correlated with clinico-pathological characteristics.
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CONCLUSION

As with other malignancies, where recent studies dem-
onstrate the importance of MRD detection in the deter-
mination of disease progression and prognosis, in lung 
cancer the contribution of MRD determination is based 
on detection of specific tumor markers as well. Of these, 
the most specific, based on several studies appears to be 
the LunX protein, although several studies have shown the 
benefits of other markers. Further studies should expand 
knowledge in this area:  to determine the significance of 
tumor markers in prognosis, for confirming the findings 
in the clinical treatment of patients and for identifying 
their real benefits.
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