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Abstract
AIM: To study the correlation between pancreatic phase
CT enhancement, intratumor microvessel density (MVD) and
pathologic grading of pancreatic carcinoma and to evaluate
the relationship between the degrees of CT enhancement
and malignancy of pancreatic carcinoma.

METHODS: Thirty four patients with pancreatic carcinoma
underwent CT scanning before resection. The enhancement
degrees and forms of tumor were observed in pancreatic
phase. The operative sample was stained with HE and CD34
marked by immunohistochemistry. MVD and histopathological
grades of pancreatic carcinoma were examined. CT
enhancement of the tumor, MVD counting in hot spot areas
of neoplastic parenchymal cells and pathological grades of
pancreatic carcinoma were comparatively analyzed.

RESULTS: Highly differentiated pancreatic adenocarcinoma
was identified in 16 patients, moderately-differentiated
tumor in 7 and poorly-differentiated in 11. Isodensity CT
enhancement was demonstrated in 13 cases, slightly low
density enhancement in 9, slightly low density enhancement
with small cystic lesions in 9 and slightly low density
enhancement with large cystic lesions in 3. The counting of
MVD with CD34 marked by immunohistochemistry in hot
spot areas of neoplastic parenchyma cells was small in 10
cases, medium in 16 and large in 8. The pathological grades
correlated well with CT enhancement of the tumor (r=0.7857,
P<0.001) and with MVD counting of tumor (r=0.3613,
P<0.05). The CT enhancement of tumor correlated with
MVD(r=0.6768, P<0.001).

CONCLUSION: There is an obvious and significant correlation
between CT enhancement, pathological grades and MVD
number in the hot spot areas of tumor. The extent of CT
enhancement is inversely proportional to the malignant
degree of pancreatic carcinoma, and to the MVD number in
the hot spot areas of neoplastic parenchyma. The MVD in
the hot spot areas of neoplastic parenchyma cells can also
reflect the prognosis of the patients, and is directly
proportional to the malignant degree of pancreatic
carcinoma.
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INTRODUCTION
Pancreatic carcinoma is a common malignant tumor. Patients
with pancreatic carcinoma have a high mortality rate and short
survival time[1-10]. The resection rate of the tumor is only 10-
25 %[1,3,6,7]. Early diagnosis is of great clinical significance for
pancreatic carcinoma. Some authors reported[11-17, 23-32] that
tumor angiogenesis was closely correlated with the growth,
metastasis and malignancy degree of the tumor. CT
enhancement of pancreatic carcinoma in pancreatic phase,
intratumor MVD and tumor malignancy degree were assessed
in this article.

MATERIALS AND METHODS
Patients
Thirty four patients with pancreatic carcinoma (26 men, 8
women; age range 31-76 years, mean age 55.5 years) were
evaluated retrospectively. All the patients underwent CT
enhancement and surgery from June 1997 to May 2002. The
tissue samples available were studied with CD34 marker by
immunohistochemistry in our hospital.

CT scaning
Somatom plus spiral CT scanner (Siemens Company,
Germany) and electron beam CT (EBCT) (Imatron Co,
America.) were used. Before examination, the patients took
1 000 ml water containing a few iodinated contrast materials
(Iodinated degree less than 5 %). The section thickness was
usually 10 mm in liver and 5mm in pancreas. The scanning
time was 1 s. Iodinated non-ionic contrast material? (iopamidol
300; Bracco, Milan, Italy) was injected at a rate of 2.5-3 ml/S
for a total of 100 ml by a high pressure autoinjector. General
scanning was done at first. CT enhancement was performed in
the pancreatic phase, and the scanning time was 35 s after
injection of the contrast agent.

Pathologic study
Tumor specimens obtained from resected pancreatic carcinoma
were fixed with 10 % formalin and embedded in paraffin. The
specimens were stained with hematoxylin-eosin. Four-micron-
thick sections were mounted on silanized slides. The
histopathologic grades of pancreatic carcinoma were observed
by microscopy. The neoplastic parenchyma cells, fibrotic
stroma, necrotic tissuse and residual pancreatic tissue were also
examined. The sections were then incubated with mouse
monoclonal antibody of CD34 for 24 h at room temperature.
After being washed with phosphate-buffered solution (PBS),
the sections were incubated with avidin-biotin-peroxidase
complex (Histofine) for 30 min and washed once more with
PBS. The sections were finally incubated with 3,3-



diaminobenzidine (Simplestain DAB; Nichirei). To assess the
intratumor MVD, we used the counting methods of intratumor
MVD reported by Weidenr[17] . We assessed delineated CD34-
positive cells as microvessels (size 0.02-0.10). Stained vessels
were counted in a ×200 microscopic field in hot spot areas of
neoplastic parenchyma cells. To count the immunohistochemical
anti-CD34 antibody stained vessels in hot spot areas of tumor
parenchymal cells, the average MVDs were calculated in three
hot spot areas. The tumor MVD was categorized into four
grades: “+” the average number of MVD <10, “++” between
10 and 20, “+++” between 20 and 40, “++++” >40.

Statistical analysis
Methods of evaluating extent of CT enhancement  The
enhancement effects of pancreatic parenchymal tissue were
the same in the pancreatic-phase and dual-phase enhanced
scanning[18-20,33-36]. Therefore, the extent of CT enhancement
of pancreatic carcinoma was only assessed in the pancreatic
phase. The degree and form of the tumor in CT enhancement
compared to normal pancreatic tissue could be classified as
follows: I-isodense enhancement, indicating the degree of
tumor CT enhancement was the same as that of the surrounding
normal pancreatic tissues; II-slightly low density enhancement,
indicating the degree of tumor CT enhancement was slightly
lower than that of the surrounding normal pancreatic tissue,
with few blood vessels  in the tumor; III-slightly low density
enhancement with small hypodense cystic lesions, indicating
the tumor enhancement was the same as II, but with small
cystic density regions in the tumor; IV-cystic low density lesion
with slight enhancement of surrounding tumor tissue, indicating
large necrotic lesions in the central area and slight enhancement
in the surrounding tumor tissue.
Statistical methods  The degree of CT enhancement of the
tumor, pathological grading of pancreatic carcinoma and the
average number of MVD in hot spot areas of neoplastic
parenchymal cells were assessed by SPSS software. We used
Spearman correlation test with two unpaired samples, a level
of significance was set when P value <0.05.

RESULTS
The results of the patients’ CT scanning, HE staining and
immunohistochemistry were calculated. Well-differentiated
pancreatic carcinoma was identified in 16 cases, one with solid
cystic-papillary tumor. Moderately-differentiated pancreatic
carcinoma was identified in 7, among which one was highly
moderately-differentiated. Poorly differentiated pancreatic
carcinoma was identified in 11, among which one was highly
poorly-differentiated and 2 were moderately poorly-
differentiated. The tumor was localized in pancreatic head in
19 cases, pancreatic head and body in 2, pancreatic body in 6,
pancreatic body and tail in 1, pancreatic tail in 4, upper edge
of pancreas with involvement of ligamentum hepatoduodenale
in 1, pancreatic groove with involvement of second part of
horizontal duodenum in 1. Immunohistochemical study of
tumor specimens’ showed MVD count in hot spot areas of
tumor parenchymal cells was least in 10 cases, medium in 16
and most in 8. Its routine histopathological results, CT
enhancement, MVD and pathological grading are shown in
Tables 1 and 2 and Figures 1-4.
      CT enhancement degree of tumor, pathological grading
of pancreatic carcinoma and the average count of MVD in
hot spot areas of neoplastic parenchyma cells were
comparatively assessed by Spearman correlation test. The
pathological grades correlated well with CT enhancement of
tumor (r=0.7857, t=7.1851, P<0.001), and with MVD count
of tumor(r=0.3613, t=2.1917, P<0.05).

Table 1  CT enhancement, pathologic grades and MVD number
in hot spot areas of neoplastic parenchymal cells of pancreatic
carcinoma

              CT enhancement      MVD in hot spot
degree of tumor      area in neoplastic

     parenchymal cells
Pathologic grades   No of

  cases
                 I     II     III    IV     +     ++    +++    ++++

Well differentiated       16 12     3      1     0      8       5        3          0

Moderately differentiated      7   1     4      2     0      1       5        1          0

Poorly differentiated       11   0     2      6     3      1       6        4          0

Total       34 13     9      9     3    10     16        8          0

Table 2  CT enhancement degree in pancreatic phase and MVDs
in hot spot areas of tumor parenchyma in pancreatic carcinoma

CT enhancement degree    MVDs in hot spot areas in tumor parenchyma

Enhanced type          n + ++ +++ ++++

I         13 9  4   0     0

II           9 1  5   3     0

III           9 0  6   3     0

IV           3 0  1   2     0

      There was a significant correlation between CT enhancement
degree in pancreatic phase and MVDs in hot spot areas of
neoplastic parenchyma in pancreatic carcinoma (r=0.6768,
t=5.2006, P<0.001).

Figure 2  A 52-year-old man with moderately-differentiated
pancreatic head carcinoma. A: Pancreatic-phase helical CT
enhancement imaging 35 s after administration of contrast
agent revealed that CT enhancement of mass in pancreatic
head was slightly lower than that of normal pancreatic tissues.
Scarce blood vessel area appeared in the central region of the
mass; B: Showing immunohistochemical staining of anti-CD34
antibody (200×). CD34-positive cells were counted as
microvessels (tan color), moderate MVDs in hot spot area of
the neoplastic cells in moderately-differentiated pancreatic
carcinoma.
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Figure 1  A 52-year-old man with well-differentiated pancreatic
head carcinoma. A: EBCT imaging revealed that bulging
pancreatic head (white arrow), density of mass in head and
neck were the same as that of pancreatic body; B: EBCT

enhancement imaging was 35 s after administration of contrast
agent revealed that enhancement of mass in pancreatic head
(white arrow) was the same as that of normal pancreatic tissue;
C: Hematoxylin-eosin-stained specimen (100×) demonstrated the
irregularity around tumor cell adeno-tubula structure and
residual pancreatic tissue; D: Showing immunohistochemical
staining of anti-CD34 antibody (200×). CD34-positive cells were
counted as microvessels (tan color), MVDs in hot spot area of
the neoplastic cells in well- differentiated pancreatic carcinomal;
E: High MVDs of residual pancreatic tissue in well differenti-
ated pancreatic carcinoma (200×).

Figure 3  A 59-year-old man with poorly differentiated pan-
creatic body carcinoma. A: Helical CT enhancement imag-
ing 35 s after administration of contrast agent revealed that
pancreatic-phase CT enhancement of mass in pancreatic
body was lower than that of surrunding normal pancreatic
tissues. Necrotic tissue in the center of the mass was not
enhanced. Tumor tissue around the necrotic tissue was
slightly enhanced; B:Hematoxylin-eosin-stained specimen
(100×) demonstrated massive necrosis and decreased re-
sidual pancreatic tissue; C: Showing immunohistochemical
staining of anti-CD34 antibody (200×). CD34-positive cells
were seen as microvessels (brown yellow color), more MVDs
in hot spot area of the neoplastic cells in poorly-differenti-
ated pancreatic carcinoma.

DISCUSSION
The grading of the tumor, its occurrence, progression and
metastasis, were all dependent on tumor angiogenesis[13,17,23-25].
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Tumor angiogenesis was first proposed by Folkman[11,13]. In
recent years, study of intratumor angiogenesis has become a
hot spot in neoplastic research[11-17,23-25]. Tumor angiogenesis
mainly includes an increase of newly grown microvessels and
their permeability change. Histopathology usually reflects an
increase or decrease of intratumour MVDs. CT enhancement
can also indirectly reflect the situation of intratumor angiogenesis
because the enhancement degree of tumor is dependent upon
the number of blood vessels within the tumor[12,21,22].
      The result of our study showed that the pathological grades
of pancreatic carcinoma and CT enhancement of the tumor
were significantly correlated (r=0.7857, P<0.001). Table 1 shows
isodensity in 75 % (12/16) of well-differentiated pancreatic
cancer, 14.3 % (1/7) in moderately-differentiated, and 0 % (0/11)
in poorly differentiated. Slightly low density or low density
was 25 % (4/16) in well-differentiated tumour, 85.7 % (6/7) in
moderately-differentiated tumour, 100 % (11/11) in poorly
differentiated tumour. This indicated that the malignant degree
of pancreatic carcinoma was inversely proportional to its CT
enhancement degree, i.e., the higher the malignant degree, the
lower the CT enhancement.
    It is agreed that the pathological grades of pancreatic
carcinoma are directly proportional to the number of intratumor
MVD[21], but Table 2 shows that CT enhancement was inversely
proportional to the number of MVD in hot spot areas of
neoplastic parenchymal cells (P<0.001). The reason was that
the microvessel and its tissue composition of pancreatic
carcinoma were different from malignant tumors of other
organs such as lung cancer and renal cancer. Pancreatic
carcinoma has its own distinct characteristics, usually diffuse
fibrosis[23]. Therefore, the CT enhancement is decided by the
combination of the total number of intratumor MVD, the
fibrous stroma and residual normal pancreatic tissue. A small
number of tumor parenchymal cells, a medium number of
fibrosis and a large number of residual normal pancreatic tissue
constitute well-differentiated pancreatic carcinoma shown in
its histopathology. The MVD of the residual pancreatic tissue
stained CD34 by immunohistochemistry was abundant
(Figure 1D), and the MVD in hot spot areas of neoplastic
parenchymal cells was scarce in well-differentiated pancreatic
cancer. So the total number of intratumor MVD was mainly
decided by the number of MVD within the residual pancreatic
tissue (Figure 1E). As we could see that the total number of
MVD within the well-differentiated pancreatic cancer was
almost the same as that of the surrounding normal pancreatic
tissue, hence, the CT enhancement degree of well-differentiated
pancreatic carcinoma in pancreatic phase was similar to that
of the surrounding normal pancreatic tissue. Whereas in the
moderately and poorly-differentiated pancreatic carcinoma, the
volume of tumor parenchymal cells increased and the residual
pancreatic tissue was relatively decreased. Therefore, CT
enhancement degree in these pancreatic carcinoma was lower
than that in the well-differentiated pancreatic carcinoma. One
could see the scarce microvessel showed slightly-low density
enhancement (Figure 2A). Some small cyst and large cystic or
low density regions within the tumor were necrosis lesions
(Figure 3A).
      Linder and others belivered that MVD count of tumor cells
was larger than that of the tumor matrix, the former was closely
related to the degree of malignancy[23]. According to our data,
the pathological grades of pancreatic carcinoma were to some
extent correlated with the intratumor MVD count (P<0.05),
but significantly correlated with the CT enhancement degree
in the pancreatic-phase. This indicated that CT enhancement
could effectively evaluate the malignant degree of pancreatic
carcinoma before operation. However, pancreatic-phase CT
enhancement of pancreatic carcinoma has its own particular
features (Figure 4).

Figure 4  A 70-year-old woman with solid-cystic-papillary well-
differentiated pancreatic carcinoma with involvement of
ligamentum hepatoduodenale. A: Helical CT enhancement
imaging 35 s after administration of contrast agent revealed
that CT enhancement of mass was heterogenously slight low
density with low density necrotic region; B: Hematoxylin-eosin-
stained specimen (100×) demonstrated massive necrosis tissuse
and irregular tubula structure in well-differentiated pancre-
atic carcinoma.

    To sum up, if CT enhancement degree of pancreatic
carcinoma is as high as that of the surrounding normal
pancreatic tissues, it would reflect a high MVD in the residual
pancreatic tissue and a small count of intratumoral MVD
indicating pancreatic carcinoma is well-differentiated. If CT
enhancement degree is slightly lower than that of the normal
pancreatic tissue with a vessel voided area, with or without
low-density cystic areas, it would reflect a moderately-
differentiated pancreatic cancer. The appearance of
heterogeneously slight-low density areas with a large low
density necrotic lesion might reflect a highly malignant and
poorly-differentiated pancreatic carcinoma.
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