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ABSTRACT

Background: Fine-needle aspiration (FNA) has become an essential, critical test for breast masses.
This study aimed to determine the value of diastase-resistant periodic acid-Schiff (DPAS) staining
in the detection of malignant breast cells. Methods: This prospective cross-sectional study was
conducted in Khartoum state (Sudan) among Sudanese women who suffered from breast lumps.
FNA samples were collected from each patient, and the material was simultaneously smeared onto
two labeled glass slides. The DPAS score and aspiration cytology (AC) grade are expressed as mean
=+ SD, and the 95% confidence intervals of the means were calculated. Results: The findings re-
vealed the following DPAS score frequencies among the studied women: negative (£) (28, 13.9%),
one plus (+) (114, 56.7%), two plus (++) (27, 13.4%), and three-plus (+++) (32, 15.9%). Comparison
of DPAS scores with the cytological categories (cytology results) revealed that DPAS positivity (+-+,
+++) correlated best with malignancy. Of the 201 patients, the AC grades according to the Interna-
tional Academy of Cytology (IAC) system were: AC2 (30, 14.9%), AC3 (112, 55.7%), AC4 (27, 13.4%),
and AC5 (32, 15.9%). Conclusions: DPAS positivity in atypical cells in FNA aspirates may assist in
upgrading from a suspicious to a malignant diagnosis in women with breast lumps.
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INTRODUCTION

Breast cancer is prevalent common across the globe !;
1 in every 9 women in developed countries and 1 in
every 20 women in less developed areas have a risk
of breast cancer 2. Breast cancer is the most common
human female cancer worldwide. Its incidence is ris-
ing at approximately 2% per year in all populations>.
Worldwide, approximately one million women are
newly diagnosed with breast cancer each year?. In
the United Kingdom, cancer accounts for about 25%
of all deaths®, and breast cancer accounts for 20% of
all forms of malignancies in females®.

The age-adjusted incidence rate of breast cancer rose
rapidly in several Asian countries (e.g., Japan) that
previously had the lowest incidence rates”. According
to GLOBOCAN 2012, prevalence estimates for 2012
revealed that there were 32.6 million people over the
age of 15 years who had a cancer diagnosis in the pre-
vious 5 years®.

In Sudan, breast cancer is the most frequent hospital-
treated malignancy, accounting for about 16%
(4,005/25,064) of all reported cancer cases. In Sudan,
precise clinical data are lacking, making it difficult
to determine clinicopathologic correlations and to
compile databases and registries*11.

Female breast cancer is the leading cancer in the Su-
dan and has been recognized as an important health

problem, being associated with a high rate of mortal-
ity and morbidity. The highest rate was reported in
1998 (38.4% of all female cancers) by the Radiation
Isotope Center Khartoum 2714, Most diseases of the
breast present as palpable masses, painful lesions, nip-
ple discharge, or mammography changes !°.

Many risk factors for breast cancer have been iden-
tified, such as age, locality, early menarche, late
menopause, age at first pregnancy, family history of
breast cancer, previous benign breast disease, radi-
ation, lifestyle, oral contraceptive use, hormone re-
placement therapy, and socioeconomic class 6.
Recently, the accuracy of diagnosing breast tumors
has been improved by fine needle aspiration (FNA)
cytology 7. FNA has become an important preoper-
ative and screening test for breast masses 3.
Diastase-resistant periodic acid-Schiff (DPAS) is a
stain often used by pathologists as an ancillary in-
vestigation when making a histological diagnosis on
paraffin-embedded tissue specimens!®. Strong intra-
cytoplasmic PAS-positive, diastase-resistant (DPAS)
staining within atypical cells has been used as a
marker for carcinoma in breast aspirates in previous
studies. Furthermore, there is a correlation between
cytological intracellular DPAS positivity and subse-
quent malignant histology 2021,

In a country like Sudan, where resource management
is critical, it is crucial to adopt low-cost techniques.
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The diagnostic power of FNA cytology, specifically
in breast samples, can be improved by following val-
idated procedures and scientific standardization of
simple low-cost techniques, like DPAS, to replace
costly advanced techniques. However, adapting low-
cost techniques alone is not enough and should be ac-
companied by strict evaluation and reliability of these
techniques. This study evaluated simple, low-cost
techniques to determine whether they were applica-
ble in the FNA cytological diagnosis of breast lesions.
This study aimed to determine the value of DPAS in
the detection of malignant breast cells.

METHODS

A prospective cross-sectional study was conducted in
Khartoum state (Sudan) on 201 Sudanese women who
suffered from breast lumps.

Tissues obtained via FNA were used to prepare two
direct smears. One of the direct smears was im-
mediately fixed in 95% ethyl alcohol and was wet
for the subsequent Pap staining, while the other di-
rect smear was allowed to air dry and was then fixed
in methanol for subsequent May-Grunwald-Giemsa
(MGG) staining.

DPAS staining was performed on unstained or MGG-
destined slides after cytological assessment. The slides
were covered with a damp filter paper, we applied
fresh saliva to the filter paper, and the slide was in-
cubated for 30 minutes at 37°C. The slides were then
rinsed in water, covered with 1% periodic acid (BDH-
Merck Ltd, Lutterworth, UK) for 8 minutes, rinsed in
distilled water, covered with Schift’s reagent (BDH-
Merck Ltd) for 30 minutes, then washed in running
water for 30 minutes and counterstained with hema-
toxylin 21,

Atypia was assessed cytologically by using the stan-
dard criteria described by Ahmed and Elemirri?2.
The criteria of atypia included the presence of ma-
jor malignant features, including nuclear enlargement
associated with increased nuclear-cytoplasmic ratio,
hyperchromatism, chromatin clumping with moder-
ately prominent nucleolation and irregular nuclear
borders, bi- or multinucleation, scantiness of the cyto-
plasm, and variations in size and/or shape of the cells
and nuclei. The criteria of atypia included the pres-
ence of the significant malignant features 2.

The C1-5 grading system was used to determine an
aspiration cytology (AC) grade between 0 and 5, as
described by Johnson and Wadehra?!:

ACO is an inadequate specimen containing no breast
duct epithelial cells or just one group; ACl is also in-
adequate, containing less than six groups of epithelial
cells; AC2 is an adequate sample containing at least six
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groups (at least 12 duct epithelial cells in each group)
of benign cells (with an additional diagnosis when ap-
propriate; e.g., fibrocystic change or fibroadenoma);
AC3 is a sample with atypia that is probably benign;
AC4 reflects atypia that is probably malignant (sus-
picious of carcinoma); and AC5 is diagnostic of carci-
noma (with a type and grade given whenever possible;
e.g., ductal, lobular, mucinous).

For intracellular DPAS positivity to be considered rel-
evant, we required staining that produced a definite
magenta color, fully within the cytoplasm, and round
in shape with a well-defined, crisp edge. Intracellu-
lar DPAS staining was recorded semi-quantitatively:
negative; £, equivocal staining (taken as negative
when assessing results); +, occasional cells with defi-
nite staining; ++, an intermediate number of cells with
definite staining; or +++, numerous positive cells or
particularly strong staining?!.

Statistical analysis

Data were analyzed using Statistical Package for So-
cial Science (SPSS) software version 20 (IBM Corp,
Armonk, NY, USA).

DPAS scores are expressed as mean =+ SD and the 95%
confidence intervals (ClIs) of the calculated means.
The x2 test was used to compare the differences in
categorical variables between the different tests. Rela-
tionships between variables were analyzed using Pear-
son’s correlation analysis. p<0.05 was considered sta-
tistically significant. Chi-square analysis was used to

obtain all the p values in this study 2426,

Ethical approval and consent to participate

All participants were fully informed about the aims
and outcomes of the study, and they were asked to sign
a written consent form before the specimen was ob-
tained by the pathologist in-charge. The results were
presented to and discussed with the patients. Eth-
ical approval was obtained from the National Ribat
University Ethical Research Committee in accordance
with the Declaration of Helsinki principles, and con-
sent was obtained from all patients before sample and
data collection. The patient’s information was highly
secured and not used for purposes other than scien-
tific inquiry. Risk and benefits for the patients from
the outcomes of the research was ensured.

Approval reference number: NRU-REC/05-021./07
Approval date: 26/5/2021

RESULTS

In this study, the mean age was 33.6 = 5.9 years, and
the most prevalent age group was 26 — 35 years (78,
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Table 1: Distribution of the study sample according to cytological findings in relation to age group

Age group Cytological diagnosis
Benign Inflammation  Suspicious of Malignant Total
lump malignancy
N (%) N (%) N (%) N (%) N (%) Chi P
< 15 years 2 (7.4%) 10 (8.9%) 1(5.9%) 1(2.2%) 14 (7.0%) 27.2 0.011%
15 - 25 years 4 (14.8%) 37 (33.0%) 3 (17.6%) 6(13.3%) 50 (24.9%)
26 - 35 years 10 39 (24.8%) 6 (35.3%) 23 (51.1%) 78 (38.8%)
(37.0%)
36 - 45 years 10 14 (12.5%) 2 (11.8%) 6 (13.3%) 32 (15.9%)
(37.0%)
> 45 years 1(3.7%) 12 (10.7%) 5(29.4%) 9 (20.0%) 27 (13.4%)
Total 27 112 (100.0%) 17 (100.0%) 45 (100.0%) 201
(100.0%) (100.0%)
* Significant (P value < 0.05)
Table 2: Distribution of the study sample according to cytological findings in relation to co-morbidity
Cytological diagnosis
Benign Inflammatior  Suspicious of Malignant Total Chi P
lump malignancy
Co- N (%) N (%) N (%) N (%) N (%)
morbidity
None 6 (22.2%) 32 (28.6%) 2 (11.8%) 3 (6.7%) 43 (21.4%) 224 0.010%
Diabetes 6 (22.2%) 34 (30.4%) 6 (35.3%) 22 (48.9%) 68 (33.8%)
Hypertension 10 (37.0%) 39 (34.8%) 9 (52.9%) 19 (42.2%) 77 (38.3%)
Anemia 5 (18.5%) 7 (6.3%) 0 (0.0%) 1(2.2%) 13 (6.5%)
Total 27 (100.0%) 112 17 (100.0%) 45 (100.0%) 201 (100.0%)
(100.0%)

* Significant (P value < 0.05)

38.8%). There was a significant association between
age group and malignant findings (P = 0.011).

In the medical history, 77 (38.3%) patients had hy-
pertension, 68 (33.8%) had diabetes, and 13 (6.5%)
had anemia. It should be noted that 43 (21.4%) of
the women had no medical history. There was a sig-
nificant association between co-morbidity and malig-
nancy (P = 0.010).

Family history of breast cancer was reported in 58
(28.9%) women: 30 (51.7%) reported breast cancer in
a sister, 27 (46.6%) in their mother, and 1 (1.7%) in an
aunt from the father’s side. There was a significant as-
sociation between family history of breast cancer and
malignant findings (P = 0.001); however, there was no
significant correlation between malignancy and hav-
ing an affected family member with breast cancer (P =
0.210) or consanguinity (relative degree) (P = 0.734).

The DPAS scores were: negative (£) (28, 13.9%), one
plus (+) (114, 56.7%), two plus (++) (27, 13.4%), and
three plus (+++) (32, 15.9%).

There was a significant association between DPAS
score and cytological assessment category; malignant
findings were significantly associated with a DPAS
score of three plus (+++) (P = 0.017).

Of the 201 women, the AC grades were: AC2 (30,
14.9%), AC3 (112, 55.7%), AC4 (27, 13.4%), and AC5
(32, 15.9%).

Comparison of the AC grades among the studied
women according to the International Academy of
Cytology (IAC) system with their cytology results re-
vealed that AC2 was observed in 27 (90%) women in
the benign group and 3 (10%) women in inflamma-
tion group, AC3 was observed in 108 (96.4%) women
in the inflammation group and 4 (3.6%) women in the

5226



5224-5232

Biomedical Research and Therapy 2022, 9(8)

(50°0 < aneA ) 1uedoyTudis JON 4
(50°0 > anea ) Juedoyruss ,

(%0°00T) 85 (%0°00T) €% (%0°00T) 0T (0°001) ¥ (%0°001) T [elog,

(%L1) 1 (%z01) 1 (%0°0) 0 (%0°0) 0 (%0°0) 0 92180p puodag

*FELO 0'¢ (%€°86) LS (%L°L6) T¥ (%0°00T) 0T (0'001) ¥ (%0°001) T 92189p 18119
AyrumSuesuo)

(%0°00T) 85 (%0°00T) €7 (%0°00T) 0T (0001) ¥ (%0°00T) T [eioL,

(%L1) T (%¥0) 1 (%0°0) 0 (%0°0) 0 (%0°0) 0 (op1s 1oyey) Juny

(%L°15) 0€ (9%8°8%) 1T (%0°08) 8 (%0°52) T (%0°0) 0 I9S1S

0170 66 (%9°9%) LT (%8'8%) 1T (%0°07) T (%0°52) € (%0°001) T IO
Joquour %—._Eﬁ.« P12V

(%0°00T) 10T (9%0°001) S¥ (%0°001) L1 (%0°001) 11 (%0°001) £T [elof,

(%T1'1L) €71 (%V¥) T (%T1%) L (%¥'96) 801 (%€°96) 9T ON

«100°0 165 (%6'87) 85 (%9°56) €% (%8'8S) 01 (%9°€) ¥ (%L7€) T EOS

J3adued jsealq jo L103s1y Ajiwey 0} uoneas ui sbuipuy jed160]034> 03 Huipiodde sjdwes Apnis ay3 jo uonnguisiq :€ ajqeL

5227



Biomedical Research and Therapy 2022, 9(8):5224-5232

Table 4: The Diastase resistant periodic acid

Schiff (DPAS) score

DPAS score  Frequency N Percentage %
=+ Negative 28 13.9
+ 114 56.7
++ 27 13.4
+++ 32 15.9
Total 201 100.0
Table 5: DPAS score versus cytological assessment categories
Cytological DPAS score
+ + ++ +++ Total
Negative
N (%) N (%) N (%) N (%) N (%)
Benign lump 27 (96.4%) 0 (0.0%) 0(0.0%) 0 (0.0%) 27 (13.4%)
Inflammation 1 (3.6%) 110 (96.5%) 1(3.7%) 0 (0.0%) 112 (55.7%)
Suspicious of 0 (0.0%) 4(3.5%) 12 (44.4%) 1(3.1%) 17 (8.5%)
malignancy
Malignant 0 (0.0%) 0 (0.0%) 14 (51.9%) 31 (96.9%) 45 (22.4%)
Total 28 (100.0%) 114 (100.0%) 27 (100.0%) 32 (100.0%) 201 (100.0%)

Chi squire 23.18; P value 0.017

Table 6: Aspiration
cytology (AC) grades
among studied women
according to the
International Academy of

Cytology (IAC) system
AC grade N %
AC2 30 14.9
AC3 112 55.7
AC4 27 134
AC5 32 15.9
Total 201 100.0

suspicious of malignancy group, AC4 was observed
in 14 (51.9%) women in the malignant group and
12 (44.4%) women in the suspicious of malignancy
group, and AC5 was observed in 31 (96.6%) women
in the malignant group and 1 (3.1%) woman in the
suspicious of malignancy group.

We upgraded 11 cases from suspicious of malignancy
in AC4 to malignant in AC5. Furthermore, there was
a significant association between AC grade and cytol-
ogy result; malignant findings were significantly asso-
ciated with AC5 (P = 0.014).

DISCUSSION

The age of the patients ranged from younger than 15
years to older than 45 years. The mean age was 33.6 &
5.9 years, and the most prevalent age group was 26-35
years (78, 38.8%).

Previous studies found the most prevalent age range
to be between 30 and 60 years; however, other studies
suggested that the increase in incidence was directly
proportional to age, but that the disease was uncom-
mon under 30 years old?”. Patient age was associated

with method of breast cancer detection 28.
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Table 7: Aspiration cytology (AC) grades according to International Academy of Cytology (IAC) system versus
cytology results

Benign lump 27 (90.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 27 (13.4%)
Inflammation 3 (10.0%) 108 (96.4%) 1(3.7%) 0 (0.0%) 112 (55.7%)
Suspicious of malig- 0 (0.0%) 4 (3.6%) 12 (44.4%) 1(3.1%) 17 (8.5%)
nancy

Malignant 0 (0.0%) 0 (0.0%) 14 (51.9%) 31 (96.9%) 45 (22.4%)
Total 30 (100.0%) 112 (100.0%) 27 (100.0%) 32 (100.0%) 201 (100.0%)

Chi squire 29.41; P value 0.014

Figure 1: FNA of breast lump. 35 years old female diagnosed with carcinoma. Cluster of pleomorphic cells with
hyperchromatic nuclei and chromatin clumping. DPAS Satin. X40.

Figure 2: FNA of breast lump. 19 years old female diagnosed with carcinoma. Cluster of pleomorphic cells with
hyperchromatic nuclei and chromatin clumping. DPAS Satin. X40
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Regarding medical history, 77 (38.3%) women had
hypertension, 68 (33.8%) had diabetes, and 13 (6.5%)
had anemia. It should be noted that 43 (21.4%) of the
women had no medical history.

In accordance with our findings, a meta-analysis
study demonstrated that hypertension was associ-
ated with increased risk of breast cancer, especially

among postmenopausal women?®

. Another study
mentioned that some chronic conditions were consid-
ered risk factors for cancer, including as hypertension
and diabetes30.

Family history of breast cancer was reported by 58
(28.9%) women; 30 (51.7%) reported it in a sister, 27
(46.6%) in their mother, and 1 (1.7%) in an aunt from
the father’s side. There was a significant association
between family history of breast cancer and malignant
findings (P = 0.001).

In accordance with our findings Barnard et al. (2015)
reported that the risk of developing breast cancer in
those who had a family history of breast cancer was
high, especially in those who had a first-degree rela-
tive with breast cancer3!.

The DAPS scores were: negative (1) (28, 13.9%), one
plus (+) (114, 56.7%), two plus (++) (27, 13.4%), and
three plus (+++) (32, 15.9%).

Analysis of the DPAS scores versus the cytological cat-
egories (cytology results) revealed that negative score
(&) was reported in 27 (96.4%) women in the be-
nign group and 1 (3.6%) woman in the inflammation
group, one plus score (+) was reported in 110 (96.5%)
women in the inflammation group and 4 (3.5%)
women in the suspicious of malignancy group, two
plus score (++) was reported in 14 (51.9%) women
in the malignant group and 12 (44.4%) women in the
suspicious of malignancy group, and three plus score
(+++) was reported in 31 (96.9%) women in the ma-
lignant group and 1 (3.1%) women in the suspicious
of malignancy group. DPAS positivity (++, +++) was
correlated with malignancy.

Eleven cases were reliably upgraded from suspicious
of malignancy DPAS positivity two plus (++) to diag-
nostic of malignancy based on DPAS positivity three
plus (+++). DPAS positivity in atypical cells in FNA
aspirates may assist in upgrading from a suspicious to
a malignant diagnostic result.

There was a significant association between DPAS
score and cytological assessment category; malig-
nant findings were significantly associated with DPAS
score three plus (+++) (P = 0.017), which was in line
with results obtained by Johnson and Wadehra?!.
Intracytoplasmic PAS-D-positive globules may be
helpful in differentiating between benign and malig-
nant lesions of the breast; a higher grade of PAS-D

positivity has been shown to correlate well with ma-
lignancy 32.

The results of the previous study was in line with
our findings. Our results revealed that 11 cases were
reclassified from suspicious of malignancy to malig-
nancy after using DPAS.

AC grades among the studied women according to
IAC system were: AC2 (30, 14.9%), AC3 (112, 55.7%),
AC4(27,13.4%), and AC5 (32, 15.9%). Furthermore,
there was a significant association between AC grade
and cytology results; malignant findings were signifi-
cantly associated with AC5 (P = 0.014).

Our findings were in line with the reports of the IAC 33
and Johnson and Wadehra 2!,

Limitations of the study

The study did not report on women who had breast
cancer in previous years. The entire study population
was from a residential area in Khartoum State; there-
fore, the study is likely not representative of other
states in Sudan.

CONCLUSIONS

DPAS positivity (++, +++) was correlated with ma-
lignancy. Eleven cases were reliably upgraded from
suspicious of malignancy DPAS positivity two plus
(++) to final reports diagnostic of malignancy based
on DPAS positivity three plus (+++). DPAS positiv-
ity within atypical cells in FNA aspirates may assist
in upgrading lesions from suspicious of malignancy
to a malignant diagnostic result. There was a signifi-
cant association between DPAS score and cytological
assessment category; malignant findings were signif-
icantly associated with DPAS score three plus (+++).

ABBREVIATIONS

AC: Aspiration cytology, ClIs: Confidence intervals,
DCIS: Ductal carcinoma in situ, DPAS: Diastase-
Resistant Periodic Acid Schiff, FNA: Fine-Needle As-
piration, H&E: Hematoxylin and Eosin, IAC: Inter-
national Academy of Cytology, MGG: May Grunwald
Giemsa, Pap: Papanicolaou
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