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should be offered after serious deliberation. Moreover. if
limited to patients who had been clinically diagnosed as
T4 before the definitive CRT, the rate of non-curative
surgery increased to 64% (7/11). Considering this high
rate, salvage surgery should be avoided for patients with
T4 before the definitive CRT. Instead, palliative therapy
such as intraluminal stent placement or bypass surgery
might become a choice of treatment. Patients who show
mucosal recurrence can be treated by endoscopic
mucosal resection or photodynamic therapy.

On the other hand, if the 8 patients with non-curative
surgery were excluded from the analysis, the survival rate
of the remaining 16 patients with curative surgery is
nearly 50% at 5 years. Therefore, if it is possible to select
curatively respectable patients, salvage surgery would
give a great clinical benefit to patients. In the future, in
addition to establishing new criteria for the T factor in
irradiated patients, new tools with higher accuracy for T
factor assessment such as PET-CT or other techniques
should help determine the treatment strategy for patients
after definitive CRT.

CONCLUSIONS

Salvage esophagectomy is a highly invasive and
morbid operation, which is performed on immunocom-
promized hosts. Therefore, it is important to accurately
assess the preoperative T factor, and surgeons must
exercise care when deciding on the indication for salvage
surgery.
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Computer-Assisted Analysis of Biopsy Specimen Microvessels
Predicts the Outcome of Esophageal Cancers Treated with
Chemoradiotherapy

Shi-chuan Zhang,"* Shuichi Hironaka,? Atsushi Ohtsu,® Shigeaki Yoshida,® Takahiro Hasebe,’
Masashi Fukayama,® and Atsushi Ochiai'

Abstract

Purpose: A computer-assisted microvessel analysis system was developed to evaluate correla-’
tions between the architecture of biopsy specimen microvessels and the outcome for patients
with esophageal cancer treated with chemoradiotherapy.

Experimental Design: Biopsy specimens from 51 patients with esophageal cancer (T;.3, any
N, Mp) treated with chemoradiotherapy were immunostained with an anti-CD31 antibody and
quantified using computerized image analysis. We evaluated the association of several microvessel
factors with overall survival, including the ratio of total microvessel perimeter to total tumor area
(TP/TA), the tumor hypoxic ratio, and the ratio of total microvessel number to total tumor area (TN/
TA). Results from traditional manual microvessel density (MVD) hotspot count and computerized
hotspot count were compared and the relation between hotspot MVD count and survival rate was
evaluated.

Results: The median follow-up time was 32 months. Both univariate and multivariate analyses
revealed that computer-counted hotspot MVD and TN/ TA and TP/ TA ratios correlated significantly
with the outcome of chemoradiotherapy. Kaplan-Meier survival curves showed that patients with
high computer-counted hotspot MVDs and highTN/TA and TP/ TA ratios had better overall survival
rate than patients with low MVDs or ratios (P = 0.025, 0.008, and 0.031, respectively). Combining
computer-counted MVD orTN/TA ratio withTP/TA ratio proved more predictive than any single
factor. Two researcher-counted hotspot MVDs had no significant relation with outcome.
Conclusion: Computer-assisted tumor microvessel analysis is a powerful tool in predicting the
outcome for patients with esophageal cancer treated with chemoradiotherapy because intraob-
server and interobserver variability is minimized.

Esophageal cancer is a common malignancy that causes
~ 10,000 deaths each year in Japan (1) and >300,000 deaths
annually worldwide (2). Surgery with or without preoperative
chemoradiotherapy is generally done for resectable cases and
chemoradiotherapy is used for unresectable cases or resectable
cases where patients do not wish to have surgery. In recent
years, chemoradiotherapy is increasingly being reported as a
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curative treatment modality for clinically resectable cases,
which does not compromise disease control. In the Radiation
Therapy Oncology Group 85-01 randomized trial, definitive
chemoradiotherapy using S5-fluororuracil, cis-diammine-
dichloroplatinum (cisplatin), and concurrent radiation (50 Gy)
has achieved a 26% 5-year survival (3), similar to surgery alone
(4, 5). Stahl et al. (6) reported a randomized trial comparing
chemoradiation with and without surgery in patients with
locally advanced squamous cell carcinoma. Chemoradiother-
apy resulted in equivalent survival compared with chemo-
radiotherapy followed by surgery.

Because chemoradiotherapy can achieve similar survival rates
to surgery or surgery combined with chemoradiotherapy,
patient characteristics and tumor histologic features that favor
chemoradiotherapy should be carefully assessed before choos-
ing treatment. However, the factors that can predict the
response to treatment of esophageal cancer remain uncertain.
In our studies, we reported that hotspot microvessel density
(MVD) in biopsy specimen is of strong prognostic significance
for patients with laryngeal squamous cell cancers and with
hypopharyngeal cancers treated with radiation (7, 8). The ratio
of total microvessel perimeter {TP) to total tumor area (TA) of
biopsy specimens, the ratio of total microvessel number {TN)
to TA, and the tumor hypoxic ratio calculated from microvessel
distributions in biopsy specimens have been further proved (o
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be good prognostic factors for patients with early stages of
laryngeal carcinoma treated with radiation (9). In the present
study, microvessel factors, including hotspot MVD and TP/TA,
TN/TA, and hypoxic ratios, in biopsy specimens from 51
patients with esophageal cancer treated with chemoradiother-
apy were analyzed, and the relations between these factors and
overall survival were assessed. All factors including tumor
hotspot MVD counts were analyzed using a computer-assisted
image analysis system, with the aim of minimizing intra-
observer and interobserver variation in microvessel counting
and analysis.

Materials and Methods

Patients. A total of 348 patients with esophageal cancers were
diagnosed and treated at the National Cancer Center Hospital Last
between 1992 and 1999. Surgery was done as the main treatment for
139 patients, and 209 received definitive chemoradiotherapy. Among
the 209 patients. 51 met the following criteria to be incuded in this
study: (a) the tumor was histologically diagnosed as squamous cell
carcinoma; (b) patient age was <75 years; (c) sufficient biopsy
specimens (tumor area >0.6 mm’, which is about thrice of x400
magnification field) were available before treatment; (d) performance
status on the Eastern Cooperative Oncology Group scale <2; and (e)
stage T,.3, any N, Mg on the International Union against Cancer tumor-
node-metastasis dassification. The patients’ characteristics are listed in
Table 1.

Treatment protocol. Chemotherapy consisted of continuous infu-
sion of 5-fluorouracil (400 mg/m?/d, on days 1-5 and 8-12) and a
weekly infusion of cisplatin (40 mg/m? days 1 and 8). Concurrent
radiotherapy was given at 2 Gy/d for 5 d/wk with a 2-week break after a
dose of 30 Gy, and restarted on day 36 along with the same schedule of
chemotherapy as before. The total radiation dose was 60 Gy. After
concurrent chemoradiotherapy, two additional courses of chemother-
apy {5-fluorouracil, 800 mg/m’/d, on days 1-5 and 29-33; cisplatin,
80 mg/m”, on days 1 and 29) were basically administered if patients
responded to treatment without serious side effect. Further additional
courses were optional although they were limited to a total of four
courses.

Definition of tumor response. ‘The first evaluation was done ~1
month after treatment. Patients then received computed tomography
scanning and esophagoscopy every 2 or 3 months during the first year
and every 6 months thereafter. Tumor recurrences were all proved
histologically by biopsy.

Response at the primary site was evaluated by endoscopic
examination. The criteria for evaluation were as follows: complete
remission was defined as disappearance of tumor lesion and ulceration
for 24 weeks with negative biopsy results; partial remission was
determined when primary tumor was observed on esophagography as
being reduced in area by Z50%. Responses of metastatic lymph nodes
were assessed by computed tomography scanning according to the
WHO criteria for measurable disease.

Immunohistochemical staining of blood microvessels and computer-
assisted image analysis. All biopsy specimens were taken at the time of
diagnosis. Immunohistochemical staining of blood microvessels was
done with the standard avidin-biotin complex technique using
diaminobenzidine as a chromogen and hematoxylin as counterstain.
Antigen was retrieved by treating with 0.05% pepsin in 0.0t N HCI for
5 minutes at room temperature. A mouse antibody for CD31 was used
as primary antibody (4°C, overnight, 1:50 dilution; DAKO, Glostrup,
Denmark). After washing, sections were incubated with an avidin-
biotin complex reagent (DAKO). Color reactions were developed for
5 minutes in diaminobenzidine-Ttis bufter (pH 7.6) containing 0.3%
hydrogen peroxide.
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Table 1. Patient characteristics
Characteristic No. patients
Total number 51
Gender

Male 43

Female 8
Age

Mean 61.7

Range 38-75
Performance state

0 38

1 13
Tumor location

Upper and middle 36

Lower 15
Histology type

w/D 1

M/D 36

P/D 14
Tstage

T, 10

T3 41
N stage

No 20

Ny 31
Stage

1A 20

11} 6

n 25

Digitized images of immunohistochemically stained sections of
whole specimen at X 100 magnification (10x objective and 10 % ocular)
were obtained using a KS 300 image analysis system (capture resolution
768 x 580, Karl Zeiss Vision K.K., Jena, Germany). Vessels with lumens
located around or inside tumor nest were traced by one of the authors
(H.S.). The process of image analysis has been described elsewhere (9).
Briefly, traced microvessels and the outline of the total specimen were
converted to binary images and TN, TP, and TA were calculated. Data
were recorded as TN/TA, TP/TA, and TP/TA ratios. As the oxygen
diffusion distance from blood vessels is ~ 150 pm (10), the hypoxic
ratio was calculated as the ratio of tumor area >150 pm from blood
vessels to the TA (Fig. 1A).

Two of the authors (Z.S. and H.S.) counted hotspot microvessel
numbers independently without knowledge of patient outcomes. The
immunohistochemically stained specimens were first scanned at low
magnification (*10-X100); three high-magnification (%400) fields
with plentiful vascular tumor areas were then selected and counted as
hotspots. The mean number of vessels from three fields was recorded as
the hotspot MVD.

As an alternative for manual counting, a computer-assisted method
was used to identify hotspot and count vessels in specimens. The
previously traced vessels were converted to binary images and were
scanned consecutively. The scanning circle was 500 pm in diameter
and 0.196 mm? in area, which was the same as a X400
magnification field. Microvessels within each cirde were counted by
computer. The overlay of adjacent dircles in both the X and Y axes
was set arbitrarily at 375 pm (three fourths of the diameter). The
mean number of MVDs in the three circles containing the highest
MVD count was recorded as the hotspot MVD of the corresponding
specimen (Fig. 1B}).
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Analysis of Tumor Mircrovessels as Prognosis Factor

Fig. 1. A, image analysis of microvessels. /, the
lumen of each microvessel was traced by an
observer and counted by the computer. The TP was
then calculated using the computer. //, the tumor
region was outlined by the observer and the tumor
area was calculated using the computer. // the area
of the tumor located >150 um from the nearest
vessel was calculated by the computer (ye/low area)
and then hypoxia ratio was calculated.

B, microvessel hotspot counted by computer.

1, microvessels were labeled by an observer. Bar, 100
um. /, labeled vessels were converted to binary
images. #, the scanning circle is 500 pm in diameter
and 0.196 mm? in area, which equals the areaof a

~ 400 power field. The overtay of two neighboring
circtes is 375 pm. /V, the binary image was scanned.
V., a schematic image of microvessel distribution
derived from computer analysis.V/, areas with the
highest microvessel number were identified as

microvessel hotspots.

b i i
I EEAN S

Statistical analysis. Correlations between different factors were
assessed using Pearson’s correlation coefficient. A Cox proportional
hazard analysis was used to evaluate clinicopathologic and micro-
vessel factors in the prediction of treatment outcome. Survival curves
were generated using the Kaplan-Meier method and statistical
differences between curves were calculated using the log-rank test.
For evaluation of continuous variables in survival analysis, patients
were divided into two groups based on an optimal cutoff derived
from receiver operating characteristic analysis. GraphPad Prism
software (GraphPad Software, San Diego, CA) was used for receiver
operating characteristic analysis and Statistica (StatSoft, Tulsa, OK)
was used for all other analysis.
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Results

Treatment outcome. All 51 patients completed the concur-
rent chemoradiotherapy with a total radiation dose of 60 Gy.
Seven patients (14%) received one additional course of
chemotherapy, and 25 patients (49%), 2 patients (4%), and
2 patients (4%) received an additional two, three, and four
courses, respectively. The median patient follow-up time was
32 months (range, 5.9-121.5 months). Thirty-nine patients
(76%) achieved clinical complete remission and 12 patients
(24%) achieved partial remission at primary site. Among the
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Table 2. Correlation between different MVDs

r P
Observer 1vs observer 2 0.514 0.0001
Observer 1vs computer 0.579 <0.0001
Observer 2 vs computer 0472 0.0005

39 with clinical complete remission at primary site, 12
patients developed recurrence in the primary area, 3 in a
distant area (a different site in esophagus), and 4 had distant
metastases during follow-up (3 in the liver and 1 in the
lung). Up to January 1, 2005, 23 patients had died of
esophageal cancer, 8 patients died of other disease or
accidents, and the other 20 cases were alive at the last
follow-up time point.

Image analysis of microvessels in biopsy specimens. Areas of
inflammation, sclerotic tumor, and adjacent benign tissue were
identified and excluded by observer when calculating the TA,
which ranged from 0.99 to 3.37 mm’ with a median of
1.92 mm?. The TN varied from 3 to 204, with a median of 100.
The TP ranged from 0.35 to 41.26 mm, with a median of 11.81
mm. Tumor hypoxic ratio ranged from 0.11% to 78.63%, with
a median of 8.34%.

Comparison of manual MVD counting and computer-assisted
MVD counting. The results of two manual MVD counts and
the computer-assisted counts are shown in Table 2.

Although hotspot MVD counts for a given patient varied
between different observers and the computer, analysis showed
that they were correlated linearly (Table 2).

Receiver operating characteristic analysis. To evaluate the
ability for the prediction of survival, we evaluated the accuracy
of prediction of death of esophageal cancer at 2 years for each
microvessel factor. This interval of 2 years was selected because
most of the complete cases happened in this interval (19 in 23
cases) and only three patients (all of whom died of other
diseases and were excluded from the receiver operating
characteristic analysis) censored before the end of 2 years.
The predictive power was estimated by calculating the area
under receiver operating characteristic curves (11, 12). All
factors, including TN/TA, TP/TA, and hypoxic ratios and
observer-counted and computer-derived hotspot MVDs, were
found to be predictors of 2-year survival (Table 3); the observer-
counted MVD showed the weakest power in predicting death
2 years after treatment.

Univariate analysis of survival. Univariate Cox proportional
hazard analysis was done to evaluate the relation between
clinicopathologic factors and overall survival. The result is
presented in Table 4. No clinicopathologic factor correlated
with overall survival.

From the receiver operating characteristic curves, the
optimal cutoffs for varied microvessel factors were deter-
mined to stratify patients into two groups, and univariate
Cox proportional analysis revealed that patients with low
TN/TA (P = 0.023) or low TP/TA (P = 0.037) had a higher
risk of dying of esophageal cancer after chemoradiotherapy
(Table 5). Patients with a low ratio of tumor hypoxic area
tended to survive longer after treatment but this was not
statistically significant (P = 0.329). The hotspot MVDs
counted by the two observers had no relation with overall
survival (P = 0.203 and 0.119, respectively) whereas hotspot
MVDs counted by the computer showed a significant
association with survival (P = 0.036).

Multivariate analysis for survival. In the multivariate Cox
proportional hazard analysis, computer-derived hotspot MVD
counts and the TN/TA and TP/TA ratios were analyzed
combined with T and N stage, which showed the highest
significance among clinicopathologic factors by univariate
analysis. All three microvessel factors proved to be indepen-
dent predictors for overall survival (P = 0.019 for hotspot
MVD, P = 0.018 for TN/TA, and P 0.044 for TP/TA;
Table 6).

Kaplan-Meier survival analysis. Figure 2 shows the survival
curves generated using the Kaplan-Meier method. Patients
with high MVD and high TN/TA and TP/TA ratios had 5-year
survival rates of 73%, 79%, and 73%, respectively, whereas
the group of patients with low such factors had 5-year
survival rates of 46%, 45%, and 41%, respectively. Log-rank
test showed that these differences were statistically significant
(P = 0.025 for hotspot MVD, P = 0.008 for TN/TA, P =
0.031 for TP/TA).

Because hotspot MVD count and the TN/TA and TP/TA
ratios all proved to be predictive factors for the outcome of
patients treated with chemoradiotherapy, we investigated
whether combinations of these factors would provide more
powerful and more precise predictors. Hotspot MVD showed
a strongly positive correlation with TN/TA (Pearson test, r =
0.843, P < 0.000001) whereas TP/TA was independent of
hotspot MVD (r = 0.023) and was relatively weakly
correlated with TN/TA (r = 0.318, P = 0.022). We therefore
selected the combinations of MVD and TP/TA, TN/TA and
TP/TA r1atios as new factors and investigated if they could

Table 3. Receiver operating characteristic curve analysis
Variable Area under the curve 95% confidence interval Best cutoff
Hotspot
Computer 0.593 0.441-0.732 29
Observer1 0.529 0.381-0.668 51
Observer 2 0.564 0.418-0.710 15
TN/TA 0.649 0.502-0.779 73.74
TP/TA 0.647 0.504-0.782 9.944
Hypoxic ratio 0.623 0.467-0.748 30.421%
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Table 4. Univariate Cox proportional hazard analysis of relations between clinical and pathologic characteristics and
overall survival
Variables No. patients Risk ratio {95% confidence interval) P
Age (y)

=62 27

»62 24 1104 (0.491-2.511) 0.809
Performance state

0 38

1 13 1.038 (0.381-2.837) 0.946
Tumor location

Upper and middle 36

Lower 15 1.011 (0.423-2.455) 0.982
Tstage

T, 10

Ts 41 1443 (0.589-3.514) 0423
N stage

No 20

N K} 1.664 (0.682-4.077) 0.262
Histology type

W/D and M/D 37

P/D 14 1.273 (0.538-3.023) 0.584
Stage

1l 26

] 25 1.233 (0.542-2.878) 0.625

predict survival of patients. The high hotspot MVD plus
high TP/TA group included eight patients and the high
TN/TA plus high TP/TA included 11 patients (including all
the eight in the high MVD plus high TP/TA group). Surpris-
ingly, none of the patients with both high MVD and high

TP/TA ratio died of esophageal cancer during follow-up
and only one patient died of esophageal cancer in the high
TN/TA plus high TP/TA group. The Kaplan-Meier survival
curve of the high TN/TA plus high TP/TA group was presented
in Fig. 3.

Table 5. Univariate Cox proportional hazard analysis of relations between microvessel characteristic and overall
survival
Variables No. patients Risk ratio (95% confidence interval) P
Hotspot MVD
Computer
29 31
>29 20 2.892 (1.066-7.80) 0.036
Observer1
(51 38
>51 13 2.033 (0.679-6.002) 0.203
Observer 2
15 15
>15 36 2.024 (0.833-4.909) 0119
TN/TA
(73.741/mm? 35
>73.741/mm? 16 4.208 (1.252-14.208) 0.023
TP/TA
€9.944 mm/mm? 28
>9.944 mm/mm? 23 2.617 (1.058-6.477) 0.037
Hypoxic ratio
30421% 39
>30421% 12 15697 (0.623-4.093) 0.329
www.aacrjournals.org 1739 Clin Cancer Res 2006;12(6) March 15, 2006
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Table 6. Multivariate Cox proportional hazard analysis
of relations between microvessel
characteristic and overall survival
Variables Risk ratio P
{95% confidence interval)
Model1
Tstage 1.023 (0.402-2.552) 0.966
N stage 1.988 (0.813-4.903) 0133
Hotspot MVD 3.233 (1139-9.113) 0.019
Model 2
Tstage 1.074 (0.428-2.646) 0.877
N stage 1784 (0.733-4.335) 0.214
TN/TA 4.263 (1.235-14.646) 0.018
Model 3
Tstage 1.214 (0.488-2.987) 0.674
N stage 1.653 (0.676-4.045) 0.2
TP/TA 3.591 (1.046-12.239) 0044
Discussion

We previously reported that hotspot MVD and the TN/TA,
TP/TA, and hypoxic ratios in biopsy specimen are prognostic
factors for laryngeal cancer patients treated by radiotherapy (9).
Here we found that, for patients with T,_3 esophageal cancers,
hotspot MVD, TN/TA, and TP/TA were favorable predictors for
overall survival. The combinations of hotspot MVD with TP/TA,
or TN/TA with TP/TA, may provide more powerful predictors
for predicting the outcome of such patients scheduled to
undergo chemoradiotherapy.

It is likely that a low density of microvessels will lead to a
decrease in oxygen transport and drug delivery into local
tumor environments. Bhattacharya et al. (13) investigated
avascular regions of human head and neck cancer xenografts
and found that cells in these areas were hypoxic and
chemotherapy resistant. Hypoxia-related factors, such as
hypoxia-induced factor la and carbonic anhydrase 1X, and
hypoxic area imaging by pimonidazole or misonidazole
binding have been discussed as prognostic factors for
radiotherapy of cancers {14-17). Although there are sub-
stantial data implying that poorly vascularized tumors are
resistant to chemotherapy and/or radiotherapy, no definitive
conclusion has been drawn at present on the clinical
usefulness of MVD as a marker for prognosis. There are
some studies that did not show a relationship between
MVD and survival (18, 19) and a reverse relationship be-
tween MVD and survival has been reported by some groups
(20, 21). )

These contradictory conclusions might be explained by the
difficulty in evaluating MVD accurately. Manual hotspot MVD
counting has been the predominant method for analysis. The
observer first scans a section at low magnification (x10-X100).
High angiogenesis areas can be recognized as hotspots and a
higher magnification (x200-x400) is then selected to count
the number of microvessels in these areas (22). All procedures,
including screening hotspot area and counting vessels, are done
subjectively and intraobserver or interobserver variability is
almost inevitable. Our study presents one resolution of this
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problem. Because pathologic section is converted into digitized
image, the observer only needs to trace the oudines of the
microvessels and the following work is all accomplished by the
computer with minimum variability and perfect reproducibil-
ity. When two observers counted the microvessels of the same
patients in our study using the manual hotspot counting
method, the results differed and both failed to predict the
survival of patients.

Using a computerized system to evaluate tumor microvessels
has been reported by some groups (23-26). The present
method has two novel features. The first is observer interven-
tion in microvessel tracing. Although completely automated
analysis will undoubtedly be developed, the nonspecific
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Fig. 2. Kaplan-Meier overall survival curves for patients withT,.3 Mg esophageal
cancer treated with chemoradiotherapy.
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Fig. 3. Kaplan-Meier overall surviva! curves for patients with high TN/ TA and high
TP/TA.

staining and the varying threshold for positive endothelial
staining are likely to comprise this. Manual tracing ensures the
accuracy of microvessel recognition and therefore maintains a
high specificity of this analysis. The second feature is the use of
full section scanning to determine microvessel hotspots, which
provides the most objective information on microvessel
distribution within any biopsy sample.

The tumor hypoxic ratio counted by computer has been
shown as a predictor for radiosensitivity (9). In the present
study, there was a tendency for a low hypoxic ratio to show
good patient prognosis, but this was not statistically significant.
The predictive power of the hypoxic ratio for the outcome of
chemoradiotherapy thus needs further investigation.

A surprising finding in our study is that in the group of
patients with both high hotspot MVD and high TP/TA ratios,
none died of esophageal cancer, and in the group with high
TN/TA and TP/TA ratios, only one patient died of esophageal
cancer during follow-up. Six of eight patients (75%) in the
high hotspot MVD plus high TP/TA ratio group and 8 of 11
patients (73%) in the high TN/TA plus high TP/TA ratio
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Abstract

Purpose To examine the difference in hematological data
and postsurgical course after esophagectomy between
patients receiving preoperative chemoradiation and patients
without preoperative treatment.

Methods Twenty-two patients with squamous cell carcino-
ma of the esophagus who underwent esophagectomy during
the past 2 years were retrospectively analyzed in the study.
Six patients had preoperative chemoradiation (CRT group)
and 16 patients had no preoperative treatment (non-CRT
group). The hematological data, postoperative course, and
surgical complications were compared between the two
groups.

Results Patients in the CRT group were given cisplatin and
5-FU (143 and 6,000 mg on average, respectively) plus an
average of 35 Gy of radiation. Although the neutrophil
count did not show a significant difference between the two
groups, the band cell count was lower in the CRT group
compared with the non-CRT group on postoperative day 1|
(P<0.05). Postoperative pneumonia was detected in three
patients (50%) from the CRT group versus none of the non-
CRT group.

Conclusion Preoperative CRT may be a nsk factor for
postoperative pneumonia in patients with esophageal
carcinoma who undergo esophagectomy. The normal bone
marrow response of releasing band cells from the post-
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mitotic marrow pool after surgery could be disturbed by
CRT, which might contribute to an increase in later

~ pulmonary complications.

Keywords Esophageal carcinoma - Chemoradiation -
Bone marrow - Band cell - Neutrophil

Introduction

Esophagectomy as a standard treatment in patients with
local-regional esophageal carcinomas still remains [1]. In
some surgical series, S-year survival after esophagectomy
exceeds 20% [2-5]. Ando et al. [2] showed the 5-year
survival rate for all patients to be 40.0%, and the survival of
patients undergoing surgery for advanced carcinoma (p
stages Ila to IV) of the thoracic esophagus has improved
during the past 15 years. The improvement of survival can
be attributed to advances in surgical technique and
perioperative management [2]. The others have added
advances in preoperative staging and patient selection as
the reason for the improvement in S-year survival after
esophagectomy (1, 6, 7). In recent years, neoadjuvant
chemoradiation (CRT) for esophageal carcinoma has
become common to treat locally advanced cases. Slater et
al. [8] reported that neoadjuvant CRT downstages esopha-
geal carcinoma for T and N status and confers a significant
survival advantage. Liao et al. [9] reported that local-
regional control was better in clinical stage II or Il
esophageal cancer patients treated with concurrent CRT
plus esophagectomy. Urschel and Vasan {1] reported that
neoadjuvant CRT and surgery improved 3-year survival and
reduced local-regional cancer recurrence comparcd with
surgery alone. Moreover, Noguchi et al. [10] reported that
CRT can create tumor regression and allows resection
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surgery in T4 esophageal carcinoma; this confers a survival
advantage in T4 esophageal carcinoma. Long-term survival
can be achieved in patients with esophageal carcinoma who
undergo CRT and esophagectomy, and Lew et al. [11]
asserted -that recurrence is unlikely in patients who survive
for 3 years or longer after undergoing this multimodality
treatmeunt.

On the other hand, operative risk is reportedly increased
in patients receiving neoadjuvant CRT prior to esophagec-
tomy [1, 8, 12-15]. Others also reported that preoperative
CRT is an associated nisk for pulmonary complications after
esophagectomy, but the reasons for this nisk are unclear
[16-20]. We hypothesized that preoperative CRT might
impair the normal bone marrow stimulation, which is an
important immunological response, against major surgery
such as esophagectomy, and this could lead to postoperative
complications. In this study, we compared the postoperative
course and hematological data between patients receiving
preoperative CRT and patients without preoperative treat-
ment focusing on neutrophil differentiation as a marker for
bone marrow stimulation {21-23].

Methods
Subjects

We have retrospectively analyzed all 22 patients with
squamous cell carcinoma of the middle or lower thoracic
esophagus who underwent esophagectomy with two-field
(mediastinal and abdominal) lymph nodes dissection and
intrathoracic esophagogastric anastomosts during the past
2 years in Mito Red Cross Hospital (Ibaraki, Japan). The
patients were examined by CT, upper gastrointestinal
endoscopy, and barium swallowing study before treatment.
All the patients with local advanced esophageal carcino-
mas, having possible invasion to near organs (T4 sus-
pected), were recommended preoperative CRT during the
study period. If the lesion did not downstage to T3, we did
not perform esophagectomy. We analyzed all the data
during the study period in the study (6 patients in CRT
group vs 16 patients in non-CRT group).

Protocol for CRT

Our protocol for preoperative CRT was as follows. On the
first course of CRT, patients were given cisplatin (20 mg/m,)
and 5-FU (700 mg/m,) for 5 days and concurrent radiation of
30 Gy (2 Gy/day x 15 days) in the “long-T field” including
the cervical and mediastinal lymph nodes. The radiation field
is shown in Fig. 1. The patients were examined by CT, upper
gastrointestinal endoscopy, and barium swallowing study
after the first course of CRT. If patients obtained enough
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reduction of tumor and downstaging of carcinoma from T4 :0
T3 after the first course of CRT, esophagectomy was
recommended without a second course of CRT. If tie
response after the first course was partial and not enough,
the second course of CRT was recommended. If there was no
response or progressive disease after the first course, the
second course of CRT was not recommended. After 20 Gy in
the second course, lesion was evaluated. If patients could not
obtain downstaging to T3, 10 Gy was added (total 60 Gy). [f
the lesion did not downstage to T3 even after 60 Gy,
esophagectomy was not performed.

Postoperative evaluation

Esophagectomy was planned to be performed approximate-
ly 6 weeks after the completion of CRT after clinical
restaging. The white blood cell (WBC) count, neutrophil
differentiation, and biochemical data were compared be-
tween the two groups before and after surgery. The
postoperative course and surgical complications were also
compared between the two groups.

Fig. 1 A planning radiograph demonstrating the radiation filed for
one of the patients in the CRT group
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Statistical analysis

All values are expressed as meantstandard error of mcan
(SEM). Analysis of variance (ANOVA) for repcated
measures were used for continuous data. Results in
operating time and intraoperative blood loss were analyzed
using paired or two-sample ¢ test. Statistical s'igniﬁcance
was defined as a P value of less than 0.05.

Results
Patients

Table 1 shows the study population of the CRT group and
the non-CRT group. In the 16 patients of the non-CRT
group, 7 patients were at stage 1II, 3 patients at stage II, 5
patients at stage I, and 1 patient at stage 0. On the other
hand, in the 6 patients of CRT group, 1 patient was
histologically diagnosed at stage I, 2 patients at stage II, 1
patient at stage I, and 2 patients at stage 0 after CRT, which
had statistically no difference with the non-CRT group. One
patient in the non-CRT group had pulmonary emphysema.
Four patients in the non-CRT group and two patients in the
CRT group had hypertension. There was no difference in
the tumor location between thé CRT group and the non-
CRT group, and all the patients were treated with the same
surgical procedure with a similar operative technique by the
same operator (Table 1). .

Chemoradiation

The CRT group (mean age, 64.8 years) and the non-CRT
group (mean age, 65.0 years) did not show any differences
with respect to age, sex ratio, smoking history, and
preoperative respiratory function. Patients in the CRT group
were given cisplatin and 5-FU (143 and 6,000 mg on
average, respectively) plus an average of 35 Gy of radiation
(“long-T field” including the cervical and mediastinal
lymph nodes shown in Fig. 1). The mean interval between
the last day of radiotherapy and the operation was 40.8 days.
Table 2 shows the detailed information of the patients in the
CRT group.

Table 1 The study population of the CRT group and the non-CRT group

Operating ime and intraoperative blood loss

The operating time was 512.7+46.9 min in the CRT group
and 431.6+33.4 min in the CRT group (Table 1). The
intraoperative blood loss was 595.0£123.9 g in the CRT
group and 376.3+51.4 g in the CRT group (Table 1). The
CRT group and the.non-CRT group did not show
significant differences in operating time (P=0.12) and
intraoperative blood loss (P=0.08).

Hematological data

The preoperative WBC counts did not show a significant
difference between the two groups (6.3+0.4x10%/L in the
CRT group vs 5.1+0.5x10°/L in the non-CRT group). After
surgery, the WBC counts also did not show any difference
between the groups until postoperative day (POD) 7.
Figure 2 shows C-reactive protein (CRP) value in the two
groups. There was a trend that CRP was higher in the CRT
group than in the non-CRT group (P=0.06 on PODI and
P=0.08 on PODS5; Fig. 2). Figure 3 shows the neutrophil

"counts in the two groups. Contrary to CRP, the neutrophil

ounts tended to be lower in the CRT group than in the non-
CRT group before surgery (2.9%10%/L in the CRT group vs
4.3x10%/L in the non-CRT group, P=0.15; Fig. 3) but did
not change after surgery (Fig. 3). Lymphocyte counts did
not show a difference between the two groups during the
study period (data not shown). Regarding neutrophil
differentiation, Fig. 4 shows band cell counts in the two
groups. The band cell counts were significantly lower in the
CRT group compared with the non-CRT group on PODI
(4.2+1.7x10%/L in the CRT group vs 13.8+3.3x10%/L in the
non-CRT group, P<0.05; Fig. 4). The band cell counts on
POD2 tended to be lower in the CRT group than in the non-
CRT group (3.5£0.9x10%/L in the CRT group vs 10.3x
2.5x10%L in the non-CRT group, P=0.07; Fig. 4).

Postsurgical course

Adhesion between the lung and pleura was found in 50% (8
cases in 16 cases) of the non-CRT group and 100% (6 cases
in 6 cases) of the CRT groyp. Postoperative pneumonia was
detected in 3 patients (3 cases in 6 cases, 50%) from the
CRT group versus none of the non-CRT group (none in 16

Group Number Age Location Tumor T factor Stage Operation Blood
(years) - size {cm) time (min) loss (g)
Mt Lt T2 Tl 1 nm 1 0
CRT 6 64.8+2.1 5 i 6.1:0.7 1 3 1 2 1 2 512447 595+123
Non-CRT 16 65.0+1.8 12 4 5.420.3 2 6 7 3 5 1 432433 376+51

Mt middle thoracic, Lt lower thoracic
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Table 2 The patients in the CRT group

Age Sex CRT Radiation Extubation Postoperative Interval® Stage

course (Gy) (robD) pneumonia (days)

Before Afer

66 f 1 30 11 45 I I
63 m 1 30 : 10 + 41 HI Hi
57 m 1 30 6 - - 38 I 0
65 m 2 60 4 - 44 m 0
73 m I 30 11 + 37 ]| 1
65 m 1 30 15 - 40 I 11

“ The interval between the end of radiation and the operation

cases, 0%, P<0.01 compared to the CRT group), which was
diagnosed by chest x-rays film and bacteriological exam-
ination of expectoration. By the bacteriological examina-
tions of pneumonia patients, Staphyrococcus aureus were
found in two patients and Pseudomonas aeruginosa was
found in one patient. The chest radiographs showed air
bronchograms and infiltrating shadow in lung fields with
these three patients. We treated the patients using bron-
choscopy to aspirate sputum and by antibiotics; all three
patients eventually recovered in 3 weeks. All the patients
after esophagectomy were treated in ICU until the next day
of the extubation. The time until the extubation and the
artificial respiration period was significantly longer in the
CRT group than in the non-CRT group (P<0.01). No
anastomotic leakage or other major complication occurred
in either group.

Discussion

The preoperative CRT is a risk factor for pulmonary
compliéations after esophagectomy, but this reason is still
unclear [16-20]. Our hypothesis was that preoperative CRT
might impair the normal bone marrow stimulation, which is
an important immunological response. We have focused on
the increase in circulating band cells as a marker for bone
marrow stimulation [21-23]. Our resuits show that the band

. @ CRT
2% } » O non-CRT
20
15 P=0.08
10
; i'_l ij,
0
1POD 2POD 3POD 5POD 7POD

Fig. 2 The CRP value in the CRT group and in the non-CRT group.
There was 2 trend that CRP was higher in the CRT group than in the
non-CRT group (P=0.06 on PODI and P=0.08 on POD5)
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cell count was significantly lower in the CRT group
compared with the non-CRT group on PODI (P<0.05;
Fig. 4). This means that the normal bone marrow response
of releasing band cells from the postmitotic marrow pool
after surgery might be disturbed by CRT or the postmitotic
marrow pool itself might be reduced by CRT. Figure 5
shows the band cell counts on PODI1 and the number of
days until extubation, which may represent pulmonary

- complication. The correlation between these two parame-

ters was not significant, possibly due to the low case
numbers. In three patients with pneumonia, the band cell
counts on PODI tended to be lower than that in patients
without pneumonia (P=0.057; Fig. 5).

The interval between the last day of radiotherapy and the
operation was 40.8 days in the study. This may be an
important factor in the recovery of the bone marrow
function after CRT, and 40.8 days was equivalent to that
in Kelly et al. [24], Lee et al. [18], or Noguchi et al. [10]
(4-6 weeks) and close to that in Liao et al. (6-8 weeks) [9].
Surgery was performed 2-4 weeks after neoadjuvant
chemotherapy for esophageal carcinoma, but at least
4 weeks is needed afier CRT {8]. Our data suggest that
normal marrow response to esophagectomy is impaired
even after 40 days from the completion of CRT. This
marrow response could not be predicted until surgery was
performed because preoperative WBC counts and neutro-

. i B CRT
10 O non-CRT
109
8
6 Ip=0.15
4
2

0 pre 1POD 2POD 3POD S5POD 7POD
Fig. 3 The neutrophil counts in the CRT group and in the non-CRT
group. The neutrophil counts tended to be less in the CRT group than
in the non-CRT group (P=0.15 on PODI)
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1081 =001
B CRT

P=0.07 0 non-CRT

‘ pre 1POD 2POD 3POD 5POD 7POD
Fig. 4 The band cell counts in the CRT group and in the non-CRT
group. The band cell counts were significantly lower in the CRT group
compared with the non-CRT group on POD! (£<0.05). The band cell
counts on POD2 tended to be lower in the CRT group than in the non-
CRT group (P=0.07)

phil counts (Fig. 3) did not show a significant difference
between CRT and non-CRT groups.

The radiation field in the study was “long-T,” including
the cervical and mediastinal lymph nodes, which is a
broader range of the study compared to Kelly et al. [24],
Lee et al. [18], or Liao et al. {9], and even to Noguchi et al.
{10]. The release of band cells from the bone marrow may
be impaired, and there was a higher rate of postoperative
pneumnonia (3 cases in 6 cases, 50%) compared to the CRT
group (0 case in 16 cases, 0%). Lee et al. have [18] reported
that pulmonary complications were noted more often (35%
vs 8%) when the pulmonary percentage receiving at least
10 Gy was >40% versus <40% of total lung volume. They
also found that none of the other factors analyzed (surgical
procedure, tumor location, use of induction chemotherapy,
or smoking history) was associated with the occurrence of
pulmonary complications after CRT [18]. The field might
differ between neoadjuvant CRT and definitive CRT plus
salvage surgery. A definitive CRT needs to include regional
lymph nodes according to lymph nodes metastasis as for
the radiation field, but neoadjuvant CRT can reduce it as
long as it includes the site needed that is downstaging
before surgery. In the study, the radiation field was “long-
T,” which is common in Japan for the middle portion of the
thoracic esophageal carcinoma (Fig. 1), but it might be a
reason for the high incidence of postoperative pneumonia in
the CRT group. Radiotherapy techniques that decrease the
volume of the lung receiving low radiation doses may
significantly reduce the risk of pulmonary complications
[18].

Bosset et al. [25] reported a higher postoperative
mortality in patients given multimodality therapy compared.
to those given surgery alone (17% compared to 5%).
Adelstein et al. [26] reported an 18% postoperative
mortality in their phase II study of preoperative concurrent
chemoradiotherapy for esophageal carcinoma (12 of 67
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patients died). Noguchi et al. [10] also reported a higher
postoperative mortality rate (20.8%; 5 of 24) in patienis
given preoperative CRT. Preoperative CRT improves local

" tumor control compared to preoperative CTx alone, but it is

associated with substantial perioperative mortality and
morbidity [15].

There are several factors that increase the risk of
postoperative pneumonia after neoadjuvant CRT. The first
factor might be intrathoracic adhesion and the decrease in
pulmonary compliance caused by radiotherapy, which
could disturb the secretion discharge from the lung in cases
complicated by pulmonary disease. The second factor could
be due to a selection bias in the cases that are mostly T4 in
the CRT group, and they might already have immunolog-
ical dysfunction for some other reason, possible systemic
metastasis, or so on. Another factor is suspected from our
results in the study that show that the normal bone marrow
response of releasing band cells from the postmitotic
marrow pool was impaired by CRT just after surgery (until
POD1 or POD?2), and this might lead to later occurrence of
pulmonary complications. This is also supported by the
facts observed in this study that CRP tended to be higher in
the CRT group than in the non-CRT group (Fig. 2); on the
other hand, neutrophil counts tended to be lower in the CRT
group than in the non-CRT group, although it was not
statistically . significant (Fig. 3). Heidecke et al. [14]
reported that T lymphocytes from patients having under-
gone CRT exhibited a significantly reduced proliferative
response following stimulation in vitro. However, our
results in the study show that lymphocyte counts did not
differ between CRT and non-CRT groups during the study
period.

The bone marrow is the site of proliferation, terminal
differentiation, and maturation of neutrophilic granulocytes.
Inflammatory stimuli increase the rate of neutrophil
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production from the precursors in the bone marrow, shorten
their maturation time, decrease the time neutrophils residing
in the marrow, and cause immature neutrophils to enter the
circulation [27]. We usually observe an increase in the
number- of circulating band cells as bone marrow stimula-
tion after major surgery. However, our results suggest that
the marrow response .to release band cells into the
circulation was disturbed by CRT.

In conclusion, preoperative CRT might be a risk factor
for postoperative pneumonia in patients with esophageal
carcinoma undergoing esophagectomy. The normal bone
marrow response after esophagectomy could be impaired
by CRT, which might contribute to an increase of later
pulmonary complications.
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