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Abstract:
BACKGROUND: The clinical relevance of bone marrow micrometastasis (BMM) in non–small-cell lung cancer 
is undetermined, and the value of such analyses in advanced stage patients has not been clearly assessed 
previously. This study was conducted to estimate the accuracy of both polymerase chain reaction (PCR) and 
immunohistochemistry (IHC) in micrometastases detection and determine the best site for bone marrow biopsy 
in order to find micrometastasis.

METHODS: This prospective cross-sectional study was performed in the Department of Thoracic Surgery, Alzahra 
University Hospital from September 2008 to June 2009. To evaluate the bone marrow, a 3-cm rib segment and 
an aspirated specimen from the iliac bone prior to tumor resection were taken. PCR and IHC were performed 
for each specimen to find micrometastasis.

RESULTS: Of 41 patients, 14 (34%) were positive for BMM by PCR compared with two positive IHC (4.8%). 
All BMMs were diagnosed in rib segments, and iliac specimens were all free from metastatic lesion. Our data 
showed no significant association between variables such as age, sex, histology, tumor location, side of tumor, 
involved lobe, smoking, or weight loss and presence of BMM.

CONCLUSION: PCR could use as a promising method for BMM detection. BMM in a sanctuary site (rib) is not 
associated with advanced stages of lung cancer. In addition, when predictor variables such as age, sex, histology, 
tumor location, smoking, or weight loss are analyzed, no correlation can be found between micrometastasis 
prevalence and any of those variables.
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Precise staging of non–small-cell lung cancer 
(NSCLC) determines prognosis and promotes 

important decisions regarding treatment options. 
Previous staging system such as the tumor-node-
metastasis staging system had limitations in 
the range in survival rates.[1] However, the new 
staging system has limitations too.[2] For example, 
after obvious complete resection in patients with 
stage I disease, the recurrence rates range from 
25% to 50% and the overall 5-year survival rate 
is a dismal 60% to 70%.[3] It would appear from 
these statistics that a certain number of patients 
judged to have a localized primary tumor by 
standard pathologic examination may have more 
extensive disease with occult locoregional lymph 
node and/or distant micrometastases.

The two most common approaches used to 
detect occult tumor cells in lymph nodes and 
bone marrow are immunohistochemistry 
(IHC) for epithelial cell-associated proteins 
and Reverse-Transcriptase Polymerase Chain 
Reaction (RT-PCR) to detect tumor- or epithelial 
cell-related messenger RNAs. Interestingly, 
none of the markers described to date are 
actually cancer-specific markers. Instead, they 
are typically cell- or tissue type-related markers, 

such as cytokeratins, epithelial cell surface 
antigens, mammoglobin (breast cancer), and 
tyrosinase (melanoma). For IHC studies, this 
apparent weakness can be overcome because the 
pathologist can view the stained cells and look 
for other morphologic characteristics consistent 
with tumor cells. For RT-PCR studies, however, 
this can be a serious drawback and is one of the 
main criticisms of the RT-PCR approach.

If detection of micrometastases in lymph nodes, 
bone marrow, and/or other sites is conclusively 
shown to impact staging, this will also influence 
decisions regarding the use of multimodality 
treatment strategies. This study was conducted 
to estimate the accuracy of both RT-PCR and IHC 
in micrometastasis detection and determine the 
best site for bone marrow biopsy in order to find 
micrometastasis.

Methods

This prospective cross-sectional study was 
conducted from September 2008 to June 2009 in 
the Department of Thoracic Surgery at Al- Zahra 
University Hospital (Isfahan University of 
Medical Sciences). The Ethics committee of 
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Isfahan University of Medical Sciences approved the study 
protocol.

Forty-one patients with lung cancer (candidates for complete 
removal of lesion and adjacent lung) were included in the 
study. Exclusion criteria included patients with history of 
neoadjuvant therapy, patients with bone metastases in adjacent 
ribs, and patients with small-cell lung cancer.

After acquiring biographical data and baseline patient 
characteristics, patients with primary NSCLC were staged 
according to the TNM classification. The size, histological 
type, and grade of the primary tumor were assessed by 
conventional histopathology. After informed consent, in the 
operation room, a 3-cm segment of rib and an aspirated bone 
marrow specimen from the iliac region prior to tumor resection 
were obtained and drawn in fine fix bottle identified with the 
patient ID, date, and location of specimen. Primary tumors 
from patients with NSCLC were surgically excised and the 
rib or iliac bone specimens analyzed by IHC and RT-PCR to 
detect micrometastases.

Immunohistochemistry
Tissue samples were routinely fixed and dehydrated in a graded 
series of alcohol and xylene and embedded in paraffin at a 
temperature not exceeding 60°C. Three to four-micron sections 
were mounted on Superfrost slides (Shandon) and manually 
deparaffinized. We used proteinase K antigen retrieval as 
suggested by the manual of EGFR pharmDxTM kit (DAKO, 
Glostrup, Denmark). Alternatively, slides were immersed 
in 0.05  mM citrate buffer (pH = 6), and exposed to 750 W 
microwave for 3 × 5 minutes (MFX-800-3 automatic microwave, 
Meditest, Budapest, Hungary). Endogenous peroxidase activity 
was blocked by 3% H2O2 for 5 minutes at room temperature. 
The extracellular domain of EGFR was detected by the EGFR 
pharmDxTM kit using mouse monoclonal antihuman EGFR 
(EGFR-EC, clone 2-18C9), dextran polymer conjugated 
with HRP and goat anti-mouse IgG, and diaminobenzidine 
(DAB) substrate-chromogen, applied rigorously following 
the manufacturer’s instructions. Slides provided by the 
manufacturer (formalin-fixed and paraffin-embedded pellet of 
HT29 human colorectal carcinoma cell line) as well as human 
head and neck carcinoma tissue sample previously diagnosed 
3+ in all tumor cells for membrane EGFR by using EGFR 
pharmDxTM and CONFIRM anti-EGFR (Ventana) were used 
as positive controls. Rabbit polyclonal antibody—PU355-UP 
(Biogenex) without dilution were used to detect the cytoplasmic 
domain of EGFR (EGFR-CY). In case of negative control, slides 
were exposed to the diluent instead of the primary antibody, 
but were processed in the same way as other slides. Reactions 
were developed by an LSAB Kit (DAKO). Immunoreaction was 
visualized using DAB as chromogen. Nuclei were stained by 
hematoxylin. Reactions were evaluated by two experts.

Reverse-transcriptase polymerase chain reaction
DNA was extracted from tissue using the MasterPure™ DNA 
Purification Kit according to the instructions of the manufacturer. 
Two primer pairs (nested PCR) were used. DNA amplifications 
were performed with DyNAzymeTM

 and Mastercycler gradient 
thermal cycler supplied by Eppendorf. The reaction mixture of 
reagents for samples was prepared, containing 2.5 μl 10x PCR 
puffer+Mg2+ (DyNAzymeTM), 200 μM/each dNTP, 1.00 pM/
reaction of each primer, 0.8 U of DyNAzymeTM polymerase per 
reaction in the first step, and 0.25 U DyNAzymeTM polymerase 

per reaction in the nested step. The amplified products were 
digested with BstNI (New England BioLabs). Enzymatic 
digestions were performed at 60oC for 3 hours in a total volume 
of 30 μl. Digested PCR product were separated on 4% agarose 
gel in TAE buffer and visualized under UV light following 
ethidium bromide staining.

After data collection, the t test, chi square test, and Fisher’s exact 
test were used for comparison between groups, and P values 
less than 0.05 were considered significant. Data were analyzed 
using SPSS 16.0 (SPSS Inc., Chicago, IL, USA) software.

Results

Forty-one patients including 15 females and 26 males were 
enrolled in this cross-sectional study.

The mean age of patients was 57.61 years. The most common 
symptom among patients was cough (41.5%). More than 
58% of patients mentioned unwanted weight loss in recent 
6 months. Majority of tumors in our study were diagnosed 
as adenocarcinomas (46.3%) and squamous cell carcinomas 

Table 1: Baseline patient characteristics
Number of sexes 

Female 15 (36.6) 
Male 26 (63.4) 

Age in years (mean ± SD) 57.61 ± 12.38 
Type of symptoms 

Cough 17 (41.5) 
Hemoptesis 2 (4.9) 
Pleuritic pain 5 (12.2) 
Dyspnea 9 (22) 
Clubbing 1 (2.4) 
No symptoms 1 (2.4) 

Weight loss 
Yes 24 (58.5) 
No 16 (39) 

Pathology 
*SCC 10 (24.4) 
**AC 19 (46.3) 
***BAC 5 (12.2) 
Other 6 (14.6) 

Tumor location 
Peripheral 20 (48.8) 
Central 21 (51.2) 

Side of mass 
Left 12 (29.3) 
Right 29 (70.7) 

Involved lobe
Superior 19 (47.5) 
Middle 1 (2.5) 
Inferior 15 (37.5) 
Superior and inferior 5 (12.5) 

Smoking  
Yes 14 (34.1)
No 23 (56.1) 

Duration of symptoms (days) 110.22 ± 81.52 
*SCC = Squamous Cell Carcinoma; **AC = Adenocarcinoma; ***BAC = 
Bronchioloalveolar carcinomas; Figures in parenthesis are in percentage
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(24.4%) [Table 1]. Other baseline patient characteristics are 
shown in Table 1.

Patients with stage I to IIb were considered as early stage, and 
patients with stage III (a and b) were considered as advanced 
stages. Five patients (21.7%) in early stage had positive PCR for 
micrometastasis and 18 patients (77.3%) had negative results. 
Eight patients (47%) in advanced stage had positive PCR for 
micrometastasis and nine patients (53%) had negative results. 
In order to statistical analysis test, no significant association 
between pathologic staging and rib micrometastasis was 
detected (P = 0.09). Table 2 shows and compares pathological 
cancer staging (early and advanced stage) among patients 
with and without rib micrometastases diagnosed by PCR. 
The micrometastases in RT-PCR were positive in 14 (or 13) 
patients. In contrast, only two patients had positive IHC for 
micrometastasis (both were stage IIIb, and both were positive 
for PCR also). Although there were obvious differences in the 
two groups, statistically no difference existed (P = 0.11). None 
of the cases were positive for iliac bone micrometastases, either 
by PCR or IHC.

Our data showed that there were no statistical differences between 
frequency of rib micrometastases and age, gender, duration of 
symptoms, presence of weight loss, location of cancer, type of 
pathology, side of cancer, and involved lobe [Table 3].

Discussion

Bone marrow is among the most frequent site for metastasis of 
lung cancer, but pathologic studies on bone metastatic disease 
or on the metastatic tissues are surprisingly rare in the literature. 
Proper diagnosis of bone marrow involvement should have an 
influence on decision making as regards to therapeutic strategy 
and surgical approach in order to achieve better prognosis in 
these patients with this bad prognostic factor that upgrades the 
primary lesion to stage IIIA.

The current study indicates that micrometastases detected 
with IHC are lower than PCR but not statistically significant. 
Also, we have found that a total of 14 of the 41 (34%) surgically 
treated patients with NSCLC, mainly Stage IIIa, present with 
bone marrow micrometastasis (BMM) at the time of surgery. In 
addition, our data revealed that iliac bone marrow aspiration 
failed to demonstrate BMM among lung cancer patients. In 
previous studies, the frequencies of BMM in patients with 
NSCLC have varied between 22% and 70%.[4-9] This considerable 
variation could be explained by the use of different assays 
(immunocytochemistry and flow cytometry) and detection 
markers with varying specificity and sensitivity, but also the 
number of bone marrow harvest sites varied between reports. 
Thus, the two studies reporting the highest frequencies (60% 
and 70%) both included multiple bone marrow aspiration sites, 

Table 2: Frequency of pathological cancer staging 
(early and advanced) among patients with and 
without rib micrometastasis diagnosed by PCR
Stage Micrometastasis P value

Yes No
Early 5 (21.7) 18 (77.3) 0.09
Advanced 8 (47) 9 (53)
PCR = Polymerase chain reaction; Figures in parenthesis are in percentage

Table 3: Correlation between micrometastasis and baseline patient characteristics
Micrometastasis P value

Yes No
Age (Year) 58.5 ± 14.42 57.15 ± 11.46 0.74
Gender 0.93

Male 9 (64.3) 17 (63)
Female 5 (35.7) 10 (37)

Duration of symptoms (Days) 100.64 ± 67.03 115.38 ± 89.17 0.59
Presence of weight loss 9 (69.2) 15 (55.5) 0.31

Yes 4 (30.8) 12 (44.5)
No 0.23

Location of cancer 5 (35.7) 15 (55.5)
Peripheral 9 (64.3) 12 (44.5)
Central

Type of pathology  0.23
*SCC 4 (30.8) 6 (22.2)
**AC 8 (61.5) 11 (40.8)
***BAC 1 (7.7) 4 (14.8)
Other 0 6 (22.2)

Side of cancer  0.94
Right 10 (71.4) 19 (70.4)
Left 4 (28.6) 8 (29.6)

Involved lobe  0.35
Superior 8 (57.1) 11 (42.3)
Inferior 4 (28.6) 11 (42.3)
Middle 1 (7.1) 0
Superior and Inferior 1 (7.1) 4 (15.4)

*SCC = Squamous Cell Carcinoma; **AC = Adenocarcinoma; ***BAC = Bronchioloalveolar carcinoma; Figures in parenthesis are in percentage
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which have been shown to contribute to increased sensitivity 
of tumor cell detection.[10]

In the present study, no significant differences in BMM frequency 
were observed between patients with early (stages  I-IIb, n = 23) 
and advanced stage disease (stages III, n = 17). Interestingly, 
in this group of mainly early stage disease, the frequency of 
detected BMM was in the mid-range of previously reported 
results from almost exclusively early stage patients. Our 
results are similar to other studies[11,12] revealing that BMM is 
independent of disease stage. This may support the hypothesis 
that systemic spread may occur early during tumor development 
in patients with NSCLC.[11,12]

With respect to the prognostic significance of BMM in 
NSCLC, no consensus may be derived from the published 
literature, illustrated by a 2004 review in which four of the 
seven included studies found that BMM could predict poor 
prognosis, while the three remaining studies reported the 
opposite conclusion.[13] Our study may, however, not have been 
ideally designed to assess the prognostic significance of BMM 
in NSCLC, since most of the examined patients had failure to 
follow up. Therefore, we have no data on patient’s survival.

These findings suggest that in this selected group of long-term 
survivors, it is unclear whether the presence of tumor cells in BM 
could influence patient survival, which could indicate that tumor 
cells may have entered into a non-proliferative or dormant stage. 
Metastatic cells can remain dormant indefinitely or may begin 
to proliferate after variable periods of dormancy due to factors 
that are not well understood.[14] It has previously been reported 
that cancer vaccines can induce and maintain dormancy in tumor 
cells, presumably through immune-mediated mechanisms,[15] 
which could help explain the observed continued presence 
of BMM without detectable clinical progression in the study 
of Brunsvij et  al.[16] One study suggests that the presence of 
micrometastatic cells in a sanctuary site has no major impact 
on the prognosis and survival of patients with operable 
NSCLC. Therefore, embarking on adjuvant therapies for early-
stage NSCLC-based solely on the finding of bone marrow 
micrometastatic cells seems not justified at this point (62).[4]

In contrast to our study, other reports confirmed a trend for 
higher prevalence of BMM with increased cancer staging. 
However, when predictor variables such as age, sex, histology, 
tumor location, smoking, or weight loss are analyzed, no 
correlation can be found between micrometastasis prevalence 
and any of those variables.

Conclusion

Our study suggests that PCR could use as a promising method 
for BMM detection. BMM in a sanctuary site (rib) is not 
associated with advanced stages of lung cancer. In addition, 
when predictor variables such as age, sex, histology, tumor 
location, smoking, or weight loss are analyzed, no correlation 
can be found between micrometastasis prevalence and any of 
those variables.
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