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Abstract
Background: Periampullary tumors (PATs) are rare andWhipple pancreaticoduodenec-
tomy is the commonest surgical approach for its management. The aim of this
study was to analyze the histopathological features of Whipple-resected periampullary
tumors in Sudanese patients.
Methods: This retrospective descriptive study included 62 cases of Whipple resection
seen in a center in Khartoum, Sudan from January 2016 to June 2021. The specimens
were assessed for nine features of the tumor: site of the tumor (whether within
the periampullary region), size of the tumor, histological type of the tumor, grade,
perineural invasion, lymph vascular invasion, surgical margin status, lymph node
metastasis status, and the pathological stage (pTNM).
Results: In total, 62 cases, 40 (64.5%) males and 22 (35.5%) females, were included.
Age ranged from 20 to 90 years with a mean age of 56.08 years (±12.98 SD). Of the
62 cases, 58 were malignant (93.5%), while 4 cases were benign (6.5%). The pancreas
was the commonest site for malignant tumors (53.4%), followed by the ampulla (24.1%),
duodenum (15.5%), and distal common bile duct tumors (DCBD) (7%). The maximum
tumor size was 8 cm, and the number of lymph nodes resected ranged from 3 to
33. Pancreatic ductal adenocarcinomas (PDACs) showed the highest percentage of
perineural (62.1%) and lymphovascular (55.2%) invasions, and a positive margin was
seen in four cases. The most common tumor stage was pT3pN1pMx.
Conclusion: PATs in the Sudanese population showed histological diversity regarding
subtyping, grading, and staging. Further studies involving molecular prognostic
features will support improving patient management.
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1. Introduction

Periampullary carcinomas are described as tumors arising within 2 cm of the major
papilla in the duodenum. These tumors are of four different types: ampullary car-
cinoma (AMP; ampulla of Vater), biliary carcinomas (intrapancreatic distal bile duct),
pancreatic (head–uncinate process), and duodenal (mainly from the second part) [1–
3]. Although periampullary tumors (PATs) have different origins, due to being confined
within a limited and complex anatomic region, they have a common operative approach
(pancreaticoduodenectomy Whipple procedure) [1]. Pancreaticoduodenectomy is one
of the most challenging and complicated surgical procedures [1]. Despite being named
after Whipple, the recent surgical procedure has evolved through many milestones
achieved by a number of pioneer surgeons, mainly William Stewart Halsted (1852–1922),
Walther Carl Eduard Kausch (1867–1928), and Allen Old father Whipple (1881–1963) [4,
5]. Whipple is considered to be the father of pancreaticoduodenectomy. He presented
his first report on a two-stage pancreaticoduodenectomy of three patients in 1935 at the
American Surgical Association meeting in Boston [4, 6]. One year later, he performed a
successful one-stage operation [4]. Whipple performed 37 pancreaticoduodenectomies
in his career of which 30 were for periampullary carcinoma and 7 for chronic pancreatitis
[4]. Some investigators consider pancreatic ductal adenocarcinoma (PDAC) as the
commonest histopathological diagnosis in Whipple specimens, followed by AMP, distal
common bile ducts tumors (DCBD), and duodenal tumors [5, 6].

Pancreatic cancer is the seventh highest cause of cancer death worldwide [7]. It
is a lethal disease with an overall survival rate of six months [8]. PDAC is the com-
monest histological type of pancreatic cancer [7], compromising 90% of all pancreatic
malignancies [9]. Most PDACs occur in the pancreatic head (60–70%) [9]. Pancreatic
neuroendocrine tumors (PNETs) are a subgroup of gastroenteropancreatic neuroen-
docrine tumors (GEP–NETs) [10]. PNETs are rare pancreatic tumors accounting for <3%
of primary pancreatic tumors [9]. They have far better prognosis compared to PDACs
[10].

AMP is considered as the second most common type of periampullary cancer [11].
It has three histological subtypes: pancreaticobiliary, intestinal, or mixed [12]. However,
there is some controversy regarding the prognosis of histological subtyping: while some
authors suggest histological subtyping to be of no prognostic value [11–13], others con-
sider pure intestinal type to be of a better prognosis compared to pure pancreaticobiliary
type [14–16]. Nevertheless, CK20/CK7 immunohistochemistry is considered to be useful
in differentiating intestinal type versus pancreaticobiliary type [17].
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True duodenal carcinomas (DC) are rare entities with little available literature [18].
While Buchbjerg et al. considered that distinguishing carcinomas of duodenal origin
from other periampullary carcinomas to be of prognostic importance [19], Onkendi et
al. concluded that extra-ampullary and periampullary duodenal adenocarcinomas have
similar survival after resection [18].

DCBD are rare and poorly characterized tumors due to difficulties in determining
tumor origin and differences in the definition of the terminology [20]. Classically, extra-
hepatic tumors of biliary epithelial origin are divided into proximal, middle, and distal.
While Whipple resection is used for distal tumors, proximal and middle tumors are
approached through hepatic resection [21].

Moreover, with respect to post-surgical survival and prognosis, the best prognosis
is that of DC, followed by DCBD, AMP, and PDAC [5]. Compared to PDAC, AMPs are
considered to be of better prognosis [11, 12, 22]. However, some investigators suggest
AMP to be of the best prognosis amongst periampullary tumors [23]. Additionally, DCBD
carcinomas are known for being of better prognosis compared to PDAC, but worse than
AMP [20]. As a general rule, PATs originating from the pancreas have significantly worse
long-term survival compared to PATs of non-pancreatic origin [13].

The aim of this study was to analyze the histopathological features of Whipple pancre-
aticoduodenectomy surgical specimens received over six years at one histopathology
diagnostic center in Khartoum, Sudan.

2. Materials and Methods

This descriptive study was conducted at Ibn Elheitham Histopathology Center. Whipple
pancreaticoduodenectomy specimens were received from three centers in Khartoum
(Soba University Hospital, Fedail Hospital, and Al Faisal Hospital). Whipple specimens
reported from January 2016 to June 2021 were retrospectively reviewed. Clinical data
were retrieved from patients records, and histopathology archived reports, conventional
hematoxylin & eosin (H&E)- and immunohistochemistry (IHC)-stained sections were all
re-examined. Histopathological entities were updated to the most recent WHO Classi-
fication [2020]. Malignant tumors were staged according to the TNM Staging per the
AJCC 8𝑡ℎ edition 2018. Histopathological features analyzed included: histopathology
diagnostic entity (whether benign or malignant); for malignant tumors, the site of the
tumor within the periampullary region, type of the tumor, size of the tumor, grade,
perineural invasion, lymphovascular invasion, margin status, lymph node involvement,
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and pTNM stage were all recorded and analyzed. The study was conducted according
to the institutional ethical committee guidelines.

3. Results

The study included 62 cases, 40 (64.5%) males and 22 (35.5%) females, with a male-to-
female ratio of 1.8:1. Patients’ age ranged from 20 to 90 years with a mean age of 56.08
years (±12.98 SD). While the commonest presenting symptom was obstructive jaundice
(78%), other less common symptoms were right hypochondrial pain and weight loss.

Histopathological features included the following parameters: Malignant versus

Benign Histopathological entities. Of the 62 cases included in the study, 58 were
malignant (93.5%), while 4 were benign (6.5%). The four benign entities were all within
the pancreas, including one case of IgG autoimmune pancreatitis and three cases of
chronic pancreatitis.

3.1. Histopathological features of malignant entities

We have included nine features of reporting malignancy: site of the tumor within the
periampullary region, size of the tumor, histological type of the tumor, grade, perineural
invasion, lymphovascular invasion, surgical margin status, lymph nodemetastasis status,
and the pathological stage (pTNM) (Table 1).

The commonest site in the 58 cases of malignant tumors was the pancreas in 31
cases (53.4%), followed by ampulla in 14 cases (24.1%), duodenum in 9 cases (15.5%),
and DCBD in 4 cases (7%). PDAC of the head of the pancreas were diagnosed in 29/31
malignant pancreatic tumors (93.5%). PNETs was reported in two cases (6.5%).

Pancreas was the commonest site for malignant tumors in this series, diagnosed in 31
(53.4%) of the 58 malignant cases, with a predominance of PDAC in 29 cases (93.5%)
and two cases (6.5%) of PNETs. PDAC was the commonest histological sub-type of
pancreatic malignancy (93.5%), all 29 cases in this series were of intermediate grade
(moderately differentiated/ G2), with an average tumor size of 2.5 cm, within a range
of 2–4 cm. While perineural invasion was seen in 18 cases (62.1%), lymphovascular
invasion was seen in 16 cases (55.2%). Surgical margin was involved in four cases
(13.8%). Seventeen cases (58.6%) showed nodal metastasis with a range of 3–30 LNs
nodal harvest. The commonest tumor stage was pT3 in 18 cases, pT2 in 8 cases, and
pT4 in 4 cases. PNETs were reported in 2 (6.5%) out of the 31 pancreatic malignant
tumors, both were of intermediate grade with an average tumor size of 7 cm. Perineural
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invasion was not seen in PNETs in these cases. Lymphovascular invasion was not seen.
Surgical resection margin was free in both PNETs cases. Twelve and ten lymph nodes
were isolated from the two cases. No lymph node metastases were seen in either of the
two PNETs cases. Both cases were pTNM: pT2pN0pMx. Immunohistochemical staining
for chromogranin NSE, synaptophysin, and Ki67 were used to verify and grade NETs.

Ampullary tumors were the second most common tumor in this series (24.1%). While
all tumors were adenocarcinomas, eight cases were classified histologically as pancre-
aticobiliary predominant, three as intestinal predominant, and other three as mixed. All
tumors were of intermediate grade (moderately differentiated adenocarcinoma/G2) with
an average tumor size of 1.2 cm within a range of 1–2.2 cm. Perineural invasion was
seen in two cases. Lymphovascular invasion was seen in three cases. Only one case of
AMP showed involved surgical margin. Tumor stage: eight cases pT3, six cases pT2. A
median of 11 LNs were isolated with a range of 3–30 LNs. About 50% of ampullary tumors
showed metastatic nodal deposit, the commonest p TNM was pT3N1M. We reported
nine cases of duodenal PATs, of which four cases were categorized as pure intestinal
type adenocarcinoma, three as non-intestinal type (gastric and pancreaticobiliary), and
two were of mixed features. All tumors were of intermediate grade (G2) with an average
tumor size of 2 cm (range 1.3–5cm). The commonest tumor stage was pT3 seen in six
cases, two cases of pT2, and one case of pT4. While perineural invasion was seen
in two cases, lymphovascular invasion was seen in three cases. All duodenal tumors
reported were of free surgical margins. The median number of isolated lymph nodes
was 10, with a range of 6–33 LNs. Seven cases showed LN metastasis with a median
of three LNs involved. The commonest pathological stage (p TNM) was pT3pN1pMx.
DCBD tumors were the least common tumors reported in this series representing only
7%. All four reported cases were G2-moderately differentiated adenocarcinoma of the
pancreaticobiliary type. The average size of the tumor was 1.5 cm (range: 1–3 cm). All
four cases were stage pT2. LNs metastasis was not seen in examined LNs for any case.
Perineural invasion was seen in two cases, while lymphovascular invasion was seen in
one case. Surgical margin was not reported to be involved in any of our cases. Isolated
lymph nodes ranged from 5 to 9 with a median of 6 LNs. Pathological stage (pTNM)
was pT2No in all four cases.
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Figure 1: Whipple specimens: (a) outer surface; (b) cut section showing tumor at the head of pancreas; and
(c) head of pancreas tumor involving both the ampulla and the duodenum.
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Figure 2: Periampullary carcinoma H&E stain ×40: (a) well-differentiated; (b) moderately diffrentiated; and
(c) poorly differentiated.
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a b c  

Figure 3: Peri-neural invasion in periampullary tumors H&E stain ×40.

Figure 4: Vascular invasion in carcinoma of pancreas H&E stain ×40.

 

Figure 5: Metastatic adenocarcinoma to regional lymph nodes H&E stain ×20.
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Figure 6: Well-differentiated pancreatic neuroendocrine tumor (G1), H&E stain ×40.

a      b  

Figure 7: Immunohistochemical staining (IHC) of pancreatic neuroendocrine tumor: (a) IHC staining for Ki67
×40 and (b) IHC for chromogranin ×40.

4. Discussion

To the best of our knowledge, this is the first retrospective study on the histopathological
features of Whipple pancreaticoduodenectomies in Sudan. Despite the fact that han-
dling and reporting pancreatico–duodenectomy surgical specimens is a tedious task
for histopathologists, this stage represents a crucial point in delivering the best care
for these patients by providing accurate histopathology reporting [24–26]. Interestingly,
Whipple found 7 cases of chronic pancreatitis and 30 cases with malignancy [4]. While
Yeo et al. reported 32% of the cases without cancer and 68% with periampullary cancer
[5]. Our study showed 93.3% malignant entities and 6.5% benign conditions. Similar
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Table 1: Histopathological features of malignant tumors.

Histologic
feature
and tumor
subtype

Pancreatic tumors (PDAC +
NETs) N = 31 (53.4%) (PDAC +
NETs) N = 31 (53.4%)

AMP N =
14(24.1%) N = 8
pancreaticobiliary
predominant, N
= 3 intestinal
predominant N =
3 mixed

DC N = 9 (15.5%)
N = 4 cases pure
intestinal N =
3 cases non-
intestinal N =
2 cases mixed
features

DCBDC N =
4 (7%)

PDAC PNETs

Average tumor
size

2.5 cm 7 cm 1.2 cm 2 cm 1.5 cm

Range 2–4 cm 6–8 cm 1–2.2 cm 1.5–5 cm 1–3 cm

Grade G2/moderately
differentiated

G2 G2 (100%) G2 (100%) G2 (100%)

Stage pT3 N = 18 pT2 = 2 pT3 N = 8 cases pT3 N = 6 All 4 cases
were T2

pT2 N = 8 pT2 N = 6 cases pT2 N = 2

pT4 N = 4 pT4 N = 1

Cases with
Involved LNs

3–33 LNs 10–12 LNs Average LNs isolated
= 11 LNs

Average LNs No =
10Range: 6–33

LNs not seen
in LNs exam-
ined for any
case

Cases with
Uninvolved
LNs

17 cases
(58.6%)

No LNs
involvement

Range = 3–30 LNs.
50% of AMP showed
LNs involvement

LN involvement
Present 7 cases

LV invasion –
Present/Absent

16 cases
(55.2%)

No lympho-
vascular
invasion

Present in 3 cases Present in 3 cases LV invasion
25%

Perineural
invasion

18 cases (62.1%) No perineural
invasion

Present in 2 cases Present in 2 cases Perineural
invasion
50%

Resection sur-
gical margin

Involved in 4
cases

No LNs
involvement

Margin involved in
one case

All cases showed
free surgical resec-
tion margin

Free margin
in all 4 cases
(100)

pTNM staging Both cases
pT2pN0pMx

Commonest
pT3pN1pMx

Commonest
pT3pN1pMx

All cases
(100%) were
pT2N0

PDAC: pancreatic ductal adenocarcinoma; PNETs: pancreatic neuroendocrine tumors; AMP: ampullary
carcinoma; DC: duodenal carcinomas; DCBDC: distal common bile duct tumors pT3pN1pMx = staging of
the cancer.

results were obtained in other countries. For instance, in Nepal, Dhakhwa and Kafle
reported 88.57% malignant tumors and 11.43% benign lesions [2]. Foroughi et al. in Iran
(2012) reported 86.3% malignant tumors compared to 13.7% benign lesions [3].

In this series, pancreatic tumors (53.4%) (mainly PDAC) was the commonest
histopathological diagnosis inWhipple specimens, followed by ampullary tumors (24.1%),
duodenal tumors (15.5%), and distal bile ducts tumors (7%) in the same order. Similar
observations were noted by Yeo et al. and Fernández-del Castillo et al. [5, 6]. However,
Dhakhwa and Kafle reported periampullary mixed carcinoma as the predominant tumor
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(34.28%), followed by periampullary duodenal (20%), ampullary (14.28%), pancreatic
adenocarcinoma (11.42%), and distal cholangiocarcinoma (5.71%) (2). Foroughi et al.
reported AMP as the commonest type (61.4%) followed by pancreatic carcinomas
(27.3%) and cholangiocarcinomas of distal bile ducts (11.4%) [3].

Similar to our histologic analytic approach, many previous studies have analyzed the
nine histological features of PATs: site of the tumor within the periampullary region,
tumor size, histological type, grade, perineural invasion, lymphovascular invasion, sur-
gical margin, lymph node metastasis, pathological stage (pTNM), as well as results of
follow-up survival duration [2, 3, 11, 14, 18, 20, 27].

While some researchers studied these features collectively [2, 3], others preferred to
analyze each type of periampullary tumor separately [11, 14, 18, 20, 23, 27]. Investigators
preferring the collective analysis may have good reason as their series (similar to
ours) had a small number of cases and studying each type separately may yield
statistically unreliable results (due to the small sample size). Periampullary tumors are
a heterogeneous group of entities with different histogenesis and different prognoses,
so analyzing each entity separately and comparing histological features would have
been of good diagnostic and prognostic value. So, we chose the latter approach in our
analysis despite the small number of our cases.

PDAC was the commonest malignancy in this study, all cases were moderately dif-
ferentiated compared to a majority of 63% of moderately differentiated tumors reported
by Yeo et al. [5]. The average tumor size in our series was 2.5 cm within a range of 2–4
cm; these findings were less than those reported by Yeo et al. [5] – a mean tumor size
of 3.2 ± 1.6 cm and median of 3 cm, however, our findings were similar to Gonzalez
et al.’s [20] who reported a median tumor size of 2.5 cm. Surgical margin was involved
in 13.8% of our cases; which is much less than the 29% reported by Yeo et al. [5] and
41% by Gonzales et al. [20]. Lymph node metastasis was seen in 58.6% of our cases
compared to 70% reported by Yeo et al. [5] and 75% reported by Gonzales et al. [20].

Although the patients in this series were selected for Whipple surgery through the
standard selection criteria used worldwide, these cases reported better free margin
status and less nodal metastasis. Contributory factors behind these advantages of our
PDAC cases need to be explored.

Neuroendocrine tumors of the pancreas (PNETs) were rare entities [10]. We reported
only 2 cases of PNETs compared to 29 cases of PDAC, both cases were G2 compared
to Shiba et al. who reported G1 in 12%, G2 in 54%, and G3 in 32% [28].
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Furthermore, AMP is the second most common periampullary carcinoma and is
considered to be of better prognosis, less metastasis, less vascular invasion, and of
smaller tumor size compared to PDAC [11, 21–23].

Our cases described 14 cases of AMP carcinomas. The average tumor size was 1.2
cm within a range of 1–2.2 cm; the tumor size in our cases was smaller than in Klein
et al. who reported 63% of the cases to be >2 cm and 37% <2 cm in size [23]. The
tumor size in our study were similar to Yeo et al.’s who reported a mean tumor size of
2.3 ± 1.4 cm and a median of 2 cm [5]. However, while we reported a single case with
7.2% of involved surgical margin, Klein et al. reported 8% [23] and Yeo et al. reported
3% of surgical margin involvement. About 57% of our cases were pT3 and 42% were
pT2. These findings were close to Klein et al. who reported pT2 in 37% of the cases
and pT3 in 38%. We reported no cases of pT1 or pT4 while Klein et al. reported pT1 in
10% and pT4 in 14% [23]. We reported 50% of ampullary tumors with metastatic nodal
deposits which is almost the same as Klein et al. who reported LNs metastasis in 48%
[12], but less than Yeo et al. who reported nodal deposits in 44% [5].

AMP adenocarcinoma is well-known for having three histological subtypes: pancreat-
cobilliary, intestinal, and mixed [22]. There is some controversy regarding the prognostic
value of histological subtyping of AMPs. Reid et al. in their analysis of 232 cases of AMP
showed intestinal type to have a better prognosis compared to pancreaticobilliary and
mixed subtypes, however, they concluded that these differences are of no statistical
significance [14]. Westgaard et al. in their analysis of periampullary tumors including
61 cases of AMP carcinoma suggested that histological subtypes of AMP have no
prognostic differences [13]. Similarly, Morris-Stiff et al. also suggested that histological
subtype is of no prognostic differences [11]. On the other hand,

as our cases were fewer in number compared to these studies, analysis based on
histological subtyping does not seem to be of statistical significance.

Our data showed DCs to have an average tumor size of 2 cm (range 1.3–5 cm),
while Yeo et al. [5] reported a mean tumor size of 4.8–2.8 cm and a median of 4.8 cm.
Poultsides et al. [27] reported 14/122 (11.5%) of their cases to be <2 m and 91/122 (74.5%)
>2 cm. All our DC cases were moderately differentiated, while both Yeo et al. [5] and
Poultsides et al. [27] reported a majority of moderately differentiated tumors of 70% and
60%, respectively. While most of our DC cases were stage T3 in 6/9 (66.7%), Poultside
et al. [27] reported most of their cases to be T3 and T4 80/122 (65.6%).

All our cases were of free surgical margin, while Yeo et al. reported 4% and Poultsides
et al. [15] reported 8% of involved surgical margin. We had 2/9 (22%) perineural invasion
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and 3/9 (33%) lymphovascular invasion compared to 39% vascular invasion and 37%
perineural invasion in Poultsides et al. cases [27].

We reported 7/9 (77.8%) cases featuring lymph nodes metastasis compared to 62%
reported by Yeo et al. [5].

Of note, DCBD reported in our series had an average tumor size of 1.5 cm within a
range of 1–3 cm, compared to a median tumor size of 2.5 cm reported by Gonzales et al.
[20]. We reported no LNs metastasis, these findings were far less in number compared
to Yeo et al. [5] who reported 57% and Gonzales et al. [20] who reported 39% LNs
metastasis. We reported no surgical margin involvement while Yeo et al. reported 9%
nodal deposits and Gonzales et al. reported 23% margin involvement. The absence
of lymph node metastasis and negative margin status may be explained by the fewer
number of DCBD tumors reported in our series.

Limitations

The current study was not without limitations. Our cases were small in number com-
pared to other similar studies. Limited panels of immunohistochemistry were used for
verification of some cases. Implementation of molecular studies would have provided
further verification about tumor histogenesis. We were able to collect data for patients’
survival follow-ups post-surgery for only 20 patients (34.5%) and only for one year;
follow-up for more cases and for longer durations would have given more information
about post-surgery survival. The follow-up showed the following:

1. Pancreatic head carcinoma (HOP): Follow-up of eight patients for one year post
surgery: Five of them died within six months, the other three were still alive. These
findings were compatible with the literature finding pancreatic adenocarcinoma to
be of the worst prognosis [7, 8].

2. PNETs: Both reported cases were alive at one-year follow-up after surgery. PNETs
are well-known for being of better prognosis than PACs [10].

3. AMP: Four patients were followed-up for one year. One patient died within six
months, while the others were alive; these findings may be in keeping with data
reporting AMP to be of the best prognosis among periampullary tumors [23].

4. DC: Two patients of DC were followed for one year. Both of them were alive.

5. pTNM for alive patients: pT3N0Mx and pT2N0Mx. Distal CBD: All four cases were
pT2N0Mx: one patient died within six months of follow-up; others were alive up to
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the one-year follow-up. Available studies suggest DCBDs to be of better prognosis
compared to PACs but worse than ampullary [20].

Anyhow, our cases were few and all of them presented with less tumor stage and no
LNs metastasis; this may reflect that all patients were alive at one-year follow-up except
for one case.

5. Conclusion

Histological features of Whipple resected PATs in Sudanese patients showed diversity
regarding subtyping, grading, and staging . Larger case series of PATs with long-term
follow-up is required to clarify the vital role of histopathology in PATs management in
Sudanese patients. Furthermore, studies involving molecular prognostic features will
also contribute to improving patient management.
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