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Objective: Behaviors of esophageal cancer are different according to the geographic distribution. The prevalence of bonemarrow involvement
in patients with esophageal cancer has been shown to be between 40% and 90%, but clinical correlation is unknown. The aim of this study is to
determine the rate of bone marrow involvement in patients with esophageal cancer in the northeast of Iran and its relationship with
clinicopathologic findings of the tumors. Methods: A total of 43 patients with esophageal cancer, who were candidates for esophagectomy
(without neo-adjuvant chemotherapy), were enrolled in this study from 2007 to 2009. Bone marrow samples derived from rib bone were stained
with hematoxylin and eosin (H&E) to distinguish tumoral cells, and cytokeratin immunohistochemistry (CKIHC) was used to determine
micrometastasis. The correlation of the results was studied with the histopathologic indices of primary tumor (T (tumor), N (node) and length
of tumoral involvement and grading) as well as characteristics of the patients (sex and age). Results: The mean age was 64 (57—70) years and the
M/F ratio was 2.9. As many as 38 patients (88.4%) had squamous cell carcinoma and five patients (11.6%) had adenocarcinoma. In nine cases
(20.9%), the H&E test, and, in 13 cases (30.2%), the CKIHC evaluation was positive. Statistically, there was no relationship between the pathologic
type and the stage of T with the H&E study and CKIHC test, respectively. On the other hand, a significant meaningful correlation was found
betweenmicroscopic bonemarrow involvement as well as mediastinal lymph node involvement and grade of the tumor. Conclusion: Bonemarrow
involvement incidence was low in our geographic area. According to our study, bone marrow involvement in esophageal cancer is related to
differentiation grade and mediastinal lymph node involvement.
# 2010 European Association for Cardio-Thoracic Surgery. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Esophageal cancer is one of the most invasive cancers with
high propensity for lymphnodemetastasis and vascular invasion
at the time of diagnosis. Althoughmorbidity andmortality after
surgical treatment are reduced and rate of complete resection
is increased, 5-year survival after curative surgery is only 20—
36%. Macrometastasis to regional lymph nodes or peripheral
organs is a strong prognostic factor for mortality due to
esophageal cancer, but some patientswithoutmetastasis at the
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time of primary surgerymay have recurrence due tometastatic
disease [1].Diagnosisof themicrometastasisbeforeappearance
of macrometastasis is an important issue, which is under much
debate. In the studies by O’Sullivan et al. and Bonavina et al.,
rib bone marrow samples derived from resected rib during the
surgery were evaluated with cytokeratin immunohistochem-
istry (CKIHC), andquantitative polymerase chain reaction (PCR)
techniques showed that more than 90% of patients had bone
marrowmicrometastasis [2,3]. The clinical importance of these
findings is unknown but has revealed the need to focus not only
on regional treatment modalities, but also on systemic
interventional management [4,6,7].

The aim of our study is to determine the rate of bone
marrow involvement in patients with esophageal cancer (in
the northeast of Iran), who underwent surgical resection, and
its relationship with clinicopathologic findings of tumor
including, age, sex, pathologic type, stage of T (tumor) and N
(node), grade, and length of tumor.
Surgery. Published by Elsevier B.V. All rights reserved.
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Table 1. Patients clinical and pathological characteristics.

Variable Results

Mean age 60.0 (51—70 years)
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2. Materials and methods

In this descriptive and cross-sectional study, all patients,
with consecutive method with esophageal cancer referred to
Qaem and Omid hospitals in Mashhad University of Medical
Sciences, Iran from 2007 to 2009, were included. In
preoperative assessment, they had no cardia involvement
and no unresectability criteria (supraclaviclar and axillary
lymph node involvement, liver metastasis or other M1
criteria). Standard transthoracic esophageal resection with
mediastinal lymphadenectomy was performed, and fresh
tissue of rib bone marrow was sampled from an adjacent rib
with the size of 0.5—2 cm during surgery. Then, we used the
stomach for reconstruction and handsewn cervical esopha-
gogastrostomy anastomosis was performed. The samples
(tumor and bone marrow) were analyzed for T, N pathology
type, differentiation grade (well differentiated: low atypia
and cellular polymorphism with high keratinization; moder-
ately differentiated: intermediate between two groups;
highly differentiated: high atypia and cellular polymorphism
with low keratinization), moderate length of tumor, macro-
scopic and microscopic bone marrow involvement according
to hematoxylin and eosin (H&E) study, and CKIHC, respec-
tively. Microscopic slides derived from bone marrow were
assessed by light microscope. Ten microscopic fields with a
magnitude of 10 � 40 were selected randomly and evaluated
for involvement.

An immunohistochemistry study was performed with
avidin—biotin peroxidase and cytokeratin marker. The
monoclonal antibody used in this study has the following
indices: monoclonal mouse antihuman cytokeratin, DakoCy-
tomation, Denmark code N1523 clone MNF.

In the last step of study, Hematoxylin Mayer’s was added to
the field and after drying, the lamel was attached.
Immunohistochemistry slides, after matching with primary
slides, were assessed and analyzed by a hematopathologist.
For providing a negative control group, the antibodies were
eliminated from the field, and for the positive control group,
the skin (epiderm) was used.

Inclusion criteria were:

M/F ratio 2.9
Type of pathology

 gues
(1) t

- Squamous cell carcinoma (SCC) 38 patients (88.4%) t o
horacic or abdominal esophageal cancer without
stomach (cardia) involvement;
- Adenocarcinoma (AC) 5 patients (11.6%) n 2
(2) n

T stage
- T in situ 1 patient (2.3%)

0 A
o unresectability criteria in preoperative assessment;
and
- T1 4 patients (9.3%)

pril
(3) n

- T2 10 patients (23.2%)

 20
o history of any neo-adjuvant therapy (chemotherapy,
radiotherapy or chemoradiotherapy).
- T3 20 patients (46.5%)
- T4 8 patients (18.6%)

Histological grading

20
The exclusion criteria were:

- Well differentiated 12 patients (27.9%)
- Moderate differentiated 21 patients (48.8%)
(1) c
ervical esophageal cancer and cardia involvement;

- Poorly or undifferentiated 10 patients (23.3%)
(2) c
Hematoxylin and eosin study

o-morbid disease which made the surgery impossible;
and
- Positive 9 patients (20.9%)
-Negative 34 patients (79.1%)
(3) p
atient refusal to undergo surgery.
Cytokeratin IHC
- Positive 13 patients (30.2%)
- Negative 30 patients (69.8%)

Lymph node involvement
- Positive 18 patients (41.9%)
- Negative 25 patients (58.1%)

Median number of resected lymph node 7 (4—16 lymph nodes)
Mean length of resected tumor 3.95 cm (2—5 cm)
Bone marrow involvement is considered as positive in our
study when one of two tests (CKIHC or H&E) has positive
results.

Statistical analyses were performed by Statistical Package
for Social Sciences (SPSS) software version 11. Then, patients
were divided into two groups: with or withoutmicroscopic and
macroscopic involvement, and were evaluated regarding
variables such as age, sex, pathology of tumor T and N, stage
and pathological grading of tumor with Fisher’s exact test and
Monte Carlo exact test. In addition, data were analyzed for
quantities variables, central indices, andqualitative variables.
3. Results

The mean age was 60.0 (57—70) years; 32 patients were
male and 11 were female (M:F ratio was 2.9). Clinicopatho-
logic characteristics of the patients are shown in Table 1.

There was no relationship between age and sex of patients
with bone marrow involvement (P = 0.448 and P = 0.161). In
our study, 38 patients had squamous cell carcinoma and eight
had adenocarcinoma, and no relationship was found between
the type of pathology and H&E and CKIHC (P = 0.153,
P = 0.277) (Table 2). Twelve patients had a well-differen-
tiated type of the tumor, 21 patients had moderately
differentiated tumor, and 10 patients had poorly differen-
tiated pathology.

There was a statistically significant relation between the
grade and H&E and CKIHC (P = 0.0001, P < 0.0001), and bone
marrow involvement was seen higher in poorly differentiated
tumors (Table 3).

Regarding the depth of tumor invasion, according to
pathological reports, one patient (2.3%) was in in situ stage,
four (9.3%) patients were in T1 stage, 10 (23.2%) patients
were in T2, 20 (46.5%) patients were in T3 stage, and eight
(18.6%) patients were in T4 stage.

No relation was found between the depth of invasion to
esophageal wall and bone marrow involvement (P = 0.754,
P = 0.867) (Table 4).

Regarding the nodal involvement according to pathology
reports, 25 (58.1%) patients were negative for lymph node
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Table 3. Comparison of tumor grading and H&E (P = 0.0001) and CKIHC
(P < 0.0001) exam on bone marrow involvement in esophageal cancer (used
Monte Carlo exact test).

Histological grading H&E CKIHC

Negative Positive Negative Positive

No (%) No (%) No (%) No (%)

Well diff 12 35.2 0 0 11 36.6 1 7.6
Mode diff 19 55.8 2 22.2 18 60 3 23.07
Poss diff 3 9 7 77.8 1 3.4 9 6.92

Total 34 100 9 100 30 100 13 100

Table 5. Comparison of N stage and H&E (P = 0.008) and CKIHC (0.001) exam on
bone marrow involvement in esophageal cancer.

N stage H&E CKIHC

Negative Positive Negative Positive

No (%) No (%) No (%) No (%)

N0 (25) 24 70.5 1 11.1 23 76.6 2 15.3
N1 (18) 10 29.5 8 88.9 7 23.3 11 84.7

Total 34 100 9 100 30 100 13 100

Table 2. Comparison of pathology type and H&E (P = 0.277) and CKIHC
(P = 0.153) exam on bone marrow involvement in esophageal cancer.

Type of pathology H&E CKIHC

Negative Positive Negative Positive

No (%) No (%) No (%) No (%)

SCC 31 91.1 7 77.7 28 93.3 10 76.9
AC 3 8.9 2 22.3 2 6.7 3 23.1

Total 34 100 9 100 30 100 13 100
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involvement and 18 (41.9%) patients had positive result. The
average number of resected lymph node was six lymph nodes.
A statistically significant relationship was observed between
bone marrow involvement and mediastinal lymph node
involvement (P = 0.001 and P = 0.008) (Table 5).
rticle-abstract/40/2/343/441358 by guest on 20 April 202
4. Discussion

Esophageal cancer is an invasivemalignancy with high rate
of lymph node involvement and vascular invasion. Five-year
survival after curative surgery is 20—36% [8]. Up to 20—40% of
esophageal cancer patients have tumoral cells in their bone
marrow, and such bone marrow involvement shows apparent
metastasis to distant organs [5,7,9].

The assessment of bone marrow derived from resected rib
during esophagectomy with CKIHC reveals 90% positivity, but
clinical importance is unknown [2,3].

In our study, 38 patients (88.4%) with squamous cell
carcinoma and five patients (11.6%) with adenocarcinoma
were evaluated. A similar frequency to another epidemio-
logic study performed in Iran, regarding esophageal cancer,
was obtained [10].
Table 4. Comparison of Tstage and H&E (P = 0.754) and CKIHC (P = 0.867) exam
on bone marrow involvement in esophageal cancer (used Monte Carlo exact
test).

T stage H&E CKIHC

Negative Positive Negative Positive

No (%) No (%) No (%) No (%)

T in situ 1 2.9 0 0 1 3.3 0 0
T1 3 8.8 1 11.1 2 6.6 2 15.38
T2 8 23.5 2 22.2 7 23.3 3 23.12
T3 17 50 3 33.3 16 53.3 4 30.75
T4 5 14.7 3 33.3 4 13.3 4 30.75

Total 34 100 9 100 30 100 13 100

0

Similar studies with the same methods which used PCR
have been performed. Overall bone marrow involvement
was in a wide range from 20.8% to 90%, and the relation of
this finding with clinicopathologic indices of this malig-
nancy is variable in different studies [11]. A study in 2004
in Ireland by Spence et al., which was performed on 49
samples of bone marrow, showed that 22 patients (44.9%)
had micrometastasis in bone marrow, and there was
significant relation with the T stage of tumor (P = 0.023)
[12]. Another study by Bonavina et al. on bone marrow
samples of 48 patients with squamous cell carcinoma of the
esophagus revealed 79.1% positivity. Patients with T4, T3
pathology had a higher rate of positivity of cytokeratin in
the bone marrow, but there was no significant relationship
between pathological type and lymphatic involvement
with its positivity [3]. In the study in Japan by Nakamura
et al. on the bone marrow of 53 patients with squamous
cell carcinoma of the esophagus, 13 (25%) were positive,
and this was related to lymph node metastasis (PN) but not
to the depth of tumor invasion (PT) [13]. In our study, the
rate of positivity of the bone marrow by two methods, H&E
and CKIHC, was nine (20.9%) and 13 (30.2%), respectively.
This rate is the lowest among other similar studies. In our
investigation, there was no correlation between bone
marrow involvement (according to H&E and CKIHC) and
type of pathology (P = 0.153, P = 0.277), age and sex
(P = 0.443, P = 0.161), length of lesion (P = 0.088,
P = 0.078), and depth of tumor invasion to esophageal
wall (T stage) (P = 0.097, P = 0.221).

While statistically significant correlation was observed
between bone marrow involvement and histological grading
of the tumor (P = 0.001, P = 0.002) as well as mediastinal
lymph node involvement (P = 0.001, P = 0.008), grade of the
tumor and N stage were two important and basic prognostic
factors for bone marrow involvement in esophageal cancer
patients.

According to other studies, patients with bone marrow
involvement in esophageal cancer had more recurrence and
shorter survival [14,15].

In the current study, bone marrow involvement was
lower than in other studies. This may be due to different
biologic behaviors or types of tumors in our geographic
area. On the other hand, it seems that the tumor tends to
be locally advanced and have lower distant metastasis.
Multicentric studies with a larger population could answer
these questions. Further, we recommend assessing the
relationship of this finding with treatment outcomes and
survival, so that the prognostic value of this factor could
be recognized.
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5. Conclusion

We conclude that involvement of rib bone marrows
derived from esophageal cancer patients is related to the
grade and N stage and has no statistical correlation with
clinical pathological indices. Generally, a low rate of bone
marrow involvement was observed in our geographic area.
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Appendix A. Conference discussion

Dr R. Cerfolio (Birmingham, Alabama, USA): Dr Bagheri, I have to ask you
one question. I think many of us in the audience are probably a little concerned
that you had 20 patients that were T3, 8 patients that were T4 patients, 18
patients that were N1, and you didn’t give anybody neo-adjuvant
chemoradiation. Tell us about your practice, who you give neo-adjuvant
therapy to, and how you stage the patients. Do you use EUS? Do you use
integrated PET-CT scan preoperatively?

Dr Bagheri: In my institution some of the patients had neo-adjuvant
therapy. I can’t use EUS in all of the patients because there are some
limitations. In one institution neo-adjuvant therapy was given and then surgery
performed, and in my institution I performed surgery, followed by adjuvant
therapy if needed.

Dr Cerfolio: Okay. So you don’t have EUS at both hospitals. You only have it
at one institution. Is that what you’re telling me? How about PETscans, do you
have PET scans?

Dr Bagheri: No.

Dr Cerfolio: So no PETs and no EUS.

Dr Bagheri: I don’t work in the USA. I work in Iran.

Dr Cerfolio: Yes, I understand. The next question is, although it’s
interesting that you find micrometastatic disease in the bone marrow, what is
the clinical importance of this, and do you have data on patients who are out at
5 years and 10 years? We don’t use the word ‘cured’ but patients alive at 5 and
10 years, who had microscopic disease in the bone marrow, but are alive at 3, 5
or 10 years?

Dr Bagheri: The clinical importance of this bone marrow involvement is
unclear, but the first reason to perform this study in my geographic area is that I
have patients in whom I only performed surgery and they have good survival,
for example, at 5 years, 10 years, 15 years, and what is important for me is, is
this related to tumor behavior, or to surgical technique? The first option seems
more likely. Another important point is the geographic area. In neighboring
Afghanistan, a patient who is operated for esophageal cancer may show early
distant metastases after surgery, and we distinguished this as a different type
of tumor behavior. One type has a better prognosis and another a bad
prognosis. It’s a question. It needs a longer study.

Dr Cerfolio: So if I could put a needle in somebody’s rib or in their femur
preoperatively and I told you there was microscopic cancer in it, would that be
a contraindication for you to operate on the patient or not?

Dr Bagheri: Bone metastases is a contraindication for surgery. For
example, a lytic lesion in bone or —

Dr Cerfolio: No, I didn’t say a lytic lesion. The patient’s bone scan is
normal, the patient’s PET scan is negative, but I stuck a needle into his femur
and there’s microscopic disease in it —

Dr Bagheri: It’s not a contraindication for surgery.
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