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Abstract

Aim and objectives: Diagnostic accuracy of post therapy Papanicolaou (pap) tests is low, as it is difficult to
differentiate benign from malignant lesions due to post radiation cellular changes. Here we have evaluated the role
of biomarker pl16INK4a and Ki670on conventional cell blocks (CCBs) in post therapeutic surveillance of cervical
cancer to detect residual disease and site recurrence. We have also evaluated CCBs as a primary screening test.
Material and Methods: In this cross-sectional study, patients who were diagnosed as cervical cancer before
one year were followed between periods of April 2018-April 2019. We collected conventional pap smears and
samples in 10% neutral buffered formalin for CCBs. The immunohistochemistry was performed on all cell blocks
using Ki67 and p16INK4a as primary antibodies. Results: Out of total 35 cases, recurrences and residual disease
were diagnosed in 8 cases. Sensitivity, specificity, diagnostic accuracy for pap, cell blocks and p16INK4a for
detecting cervical cancer were 75%, 74.07%, 88.57%; 100%, 88.89%, 91.43% and 37.50%, 96.30% and 82.86%
respectively. We observed that Ki67 labeling index > 20% had a diagnostic accuracy of 100%. Conclusion: Our
findings suggest that Ki67 labeling index >20% on CCBs can differentiate residual and recurrent cancer from
post radiation dysplasia in post therapy surveillance cytology (p value <0.001). We also observed that CCBs has
better diagnostic accuracy than pap test (Mac Nemar p value, 0.027). We did not found p1 6INK4A much useful
as a biomarker in evaluation recurrence/residual disease.
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Introduction

recommendations for post treatment surveillance, history
and physical examination are recommended every 3-6
months for 2 years and every 6 to 12 months for another
3-5 years and then annually. A regular annual cytology
can be considered but its value in detection of recurrent

Although the proportion of cervical cancer deaths
among all cancer deaths decreased from 8:2% in 2008,
to 7:5% in 2018, it is still the fourth most common
cancer in women worldwide and leading cause of cancer
deaths in women particularly in low resourced countries

[1]. A treatment of cervical cancer varies according
to the stage. The main treatment of early stage cancer
is either surgery or radiotherapy (RT). For stages IB2
to IVA and those patients who are not candidates for
surgery, concurrent chemo radiation (CT+RT) is the
treatment of choice [2-3] The main purpose of follow
up programmes is to detect recurrent disease early [4].
According to Society of Gynaecologic oncology’s new

cervical cancer is found to be very limited [4-5]. Very
low sensitivity of cytology has been reported by different
authors [6-9]. Lucena FA et al., [10] has reported higher
inter-observer and intra-observer discrepancies in patients
who received radiation therapy. This may be because
of radiation induced morphological changes in benign
and malignant epithelium simultaneously, that make
cytological interpretation difficult. These changes that
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occur after radiation therapy known as post radiation
dysplasia (PRD) and reported to occur in 18.7-26% in
treated patients with RT [11]. They occur at a varying
period of time following irradiation and do not necessarily
represent invasive cancer. A post radiation changes usually
subside 3-6 months following treatment, however in some
patients they may persist for 30 years or more [12-13].
Recently, a Positron Emission Tomography — Computed
Tomography (PET/CT) scan is considered as a sensitive
test (90%- 97%) in detecting cervical cancer recurrences,
but its specificity is low (71%-76%) and still need to be
confirmed by histopathology [14-15]. The main pitfall
is that the inflammatory response at primary site caused
by radiation therapy can be hyper metabolic and follow
up PET-CT need to be performed after the inflammatory
response abate, i.e. 8-12 weeks after radiation therapy.
The PET/CT scan still cannot detect residual cancer during
therapy or immediately after completion of treatment
[15-16].

Although pap test is effective to screen abnormal
cervical cytology before therapy, it is not very useful
after therapy because of radiation-induced changes.
The Dual biomarkers on pap smears and cell blocks
have improved the sensitivity and sensitivity of cervical
cancer detection before therapy; however, their role in
post therapy surveillance is not known. In the present
study, we evaluated biomarkers Ki67 and pl6INK4a on
conventional cell blocks (CCBs) preparations in detecting
site recurrence and residual disease. We also evaluated
accuracy of cell blocks as the primary screening technique
in this scenario and compared it with conventional pap test.

Materials and Methods

After Institutional Ethical Committee approval,
patients diagnosed and treated as cervical cancer before
one year were identified from our institute data base and
were followed between periods of April 2018-April 2019.
The cross sectional efficacy was evaluated for pap test,
CCB test, Ki67 and p16INK4a biomarkers.

Sample collection and cell block preparation

Three Conventional Pap smears were made using sterile
wooden spatulas and endocervical brushes. The ends of
both sample collectors were then cut and placed in 10%
neutral buffered formalin. Another sample was taken with
a wooden spatula and was placed into the same fixative
vial without dispersion. The pap smears were stained with
Papanicolau stain. The CCBs were prepared from the
formalin-fixed specimens using a method described by
Desai and Lisam et al [17]. Biomarker analysis on CCBs
was carried out using immunohistochemical technique.
We used pl16INK4a (Biogenix, Fremont, USA, clone
G175-405) and Ki67 (Dako, Denmark, clone MIB 1) as
primary antibodies and Dako envision system (Dako,
Denmark) as detection kit. Histological sections from
cervical cancer were used as the positive control, and
we omitted the primary antibody as the negative control.

Examination and reporting of samples

We used the Bethesda 2014 system for classification
on both pap smears and cell blocks [18]. To simplify
lesions on pap smears and cell blocks, we reclassified
them as atrophy or NILM (negative for intraepithelial
lesion or malignancy) (Figure 1A and D), post radiation
dysplasia (PRD) (Figure 2B), suspicious for malignancy
(Figure 2C) and malignant (Figure 3A, D). All ASCUS
(atypical squamous cell of undetermined significance),
LSIL (Low grade squamous intraepithelial lesion), AGUS
(Atypical glandular cells of undetermined significance)
and radiation-induced changes were put in PRD category.
All the lesions showing ASC-H and HSIL (High grade
squamous intraepithelial lesion) were reclassified as
suspicious for malignancy. A cellularity was considered
adequate when > 2000 cells/slide present. The p16INK4a
expressions were reported as negative (Figure 1E), weak
positive (Figure 1B and Figure 3B) and strong positive
(Figure 3D). Weak positive and negative expressions were
considered as ‘disease absent’ and strong expression was
considered as ‘disease present’. The Ki67 labeling index
was calculated as a hot spot count by ‘Image J software’.
Inflammatory cells (Figure 1A, D) were identified on
morphology examination and omitted for calculation of
Ki 67 index. Only epithelial cells of interest in fragments
or sheets displaying strong dot nuclear expression were
considered for Ki 67 hot spot count (Figure 3C, F).

Reference standard and treatment referral

All participants were advised complete physical
examination and CT scan, and biopsy in indicated cases,
and diagnosis of recurrent/residual disease were made after
combinations of all the modalities according to Society of
Gynaecologic oncology’s new recommendations for post
treatment surveillance. The patients with disease were
classified according to 8" AJCC classification [4, 3, 19]
and referred for the treatment. The patients without disease
were put under follow up programme.

Statistical analysis

The statistical analysis was performed using IBM
SPSS Statistics 21. In our study, Pearson’s chi-square
test was used to compare the variables. We used Cohen’s
kappa agreement to identify the similarity between
diagnostic tests and reference standard, and MacNemar
test to compare Pap test and CCB test. ROC curves were
plotted for all the tests (Figure 4) and alpha value <0.05
was considered as statistically significant. We did not do
any analysis for verification bias as it would be impractical
to do biopsies in un-indicated cases.

Results

We collected samples from 35 patients who have
undergone treatment for cervical cancer before one year
and found that mean age of the patients was 52.42 years
(minimum 35 years and maximum 72 years). Cervical
cancer stages at presentation were: stage IA 8 (22.9%), IB
1(2.9%),1TA 2 (5.7%), IIB 10 (28.6%), ITIA 1 (2.9%), IIIB
10 (28.6%) and IVA 3 (8.6%). Hysterectomy was done in
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Figure 1. (A) Atrophic Squamous Epithelium with Inflammation H&E, 4x B) p16INK4a Weak Expression 4x C) Ki
67 10x (D) Atrophic Inflammatory Smear with some Atypia H&E 40x (E) p16 INK4a Negative Expression 40x (F)

Ki 67, Inflammatory Cells 40x

10 (28.6%) cases, CT+RT was given in 23 (65.7%) cases
and hysterectomy & CT+RT in 2 (5.7%) cases.

All the pap smears showed adequate cellularity for
the diagnosis. On CCBs, we found adequate cellularity
in 33 (94%) cases. Two cases were partially inadequate;
however, we could carry out immunohistochemistry
(IHC) on it. The cell blocks lesions with their respective
pl6INK4a and Ki67 expressions were presented in
Figure 1, 2, 3. On conventional pap smears examination,
we found atrophy in 15 (42.9%), radiation atypia in 07
(20.6%), suspicious of malignancy in 5 (14.3%) and
cancer in 8 (22.9) cases. While cell blocks examination
showed atrophy in 21 (60%), radiation atypia in 3 (8.6%),
suspicion of cancer in 6 (17.1%) and cancer in 5 cases
(14.3%). The p16INK4a expression was negative in 19
(54.3%) cases, weak in 12 (34.3%) cases and strong in
4 (11.4%) cases. We observed Ki67 index < 5% in 22
(62.8%) of the cases, 5-15% in 05 (14.3%), 16-19% in 1
(2.86%) and > 20% in 7 (20%) of the cases. On cell blocks,

mean Ki67 labeling indices for NILM/atrophy, radiation
dysplasia and malignancy cases were 2.5% (min 0% to
max 10%), 3.7% (min 3% to max 40%), and 59.6% (min
20% to max 90%) respectively.

On follow up evaluation and biopsy examination, we
found cancer in 8 cases. There were two false positive cases
on pap smears, and two were misdiagnosed as radiation
atypia. All cancer cases on CCBs and three suspicious of
cancer cases were diagnosed as malignant on biopsies.
Other cases were followed up for 1 year; however, follow
up was available in 14 cases. Out of 14 cases 3 had
recurrences, in which one had a vaginal recurrence with
liver metastasis and others have lung metastasis and nodal
recurrences without local site recurrences. All the cases of
post radiation dysplasia on cell blocks did not show any
recurrences on one year follow up.

The Kappa agreements for the pap test, CCB test,
CCB+pl6INK4a and CCB+Ki67 >20% tests were
0.352, 0.490, 0.300, and 1.000 respectively (p < 0.001).
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Figure 2. (A) Inflammatory cells H& E 40 x (B) Post Radiation Dysplasia H&E 40X (C) Cytological Atypia
Suspicious of Malignancy H & E, 40x (DEF) Ki 67 Expression on (A (B), (C),40x.
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Table 1. Cross-sectional Sensitivity, Specificity, PPV, NPV and Diagnostic Accuracy of Different Tests for Detecting

Recurrence or Residual Disease

Diagnostic Test Sensitivity% Specificity% PPV% NPV% Accuracy%
(95%CI) (95% CI) (95%CI) (95% CI) (95%CI)
Pap test
Suspicious + 75 74.07 46.15 90.91 74.29
(34.9- 96.8) (53.7- 88.9) (28.8- 64.5) (74.7- 97.10) (56.7- 87.5)
CCB test
Suspicious + 100 88.89 72.73 100 91.43
(63.1- 100.0) (70.8-97.7) (47.9- 88.6) - (76.9-98.2)
CB+P16 cytology 37.5 96.3 75 83.87 82.86
(8.5-75.5) (81.0-99.9) (26.5-96.2) (75.2- 89.9) (66.4-93.4)
CB+ Ki67 with cut off 20% 100 100 100 100 100
(disease present if > 20%)
(63.1- 100.0) (87.2- 100.0) - - (90.0- 100.0)

Abbreviations, PPV, Positive predictive value; NPV, Negative predictive value; CCB, conventional cell block; CI, Confidence Interval

The cross-sectional sensitivity, specificity, positive
predictive value (PPV), negative predictive value
(NPV) and diagnostic accuracy of the abnormalities are
presented in Table 1. The STARD flow diagrams for Pap
test, CB test, CB with Ki67 index tests are uploaded as
supplementary files.

Discussion

Diagnostic accuracy of post therapy Papanicolaou (pap)
tests is low, as it is difficult to differentiate benign from
malignant lesions due to post radiation cellular changes.
Conventional cell blocks (CCBs) with biomarkers have
been found to improve the diagnostic accuracy of cervical
cancer detection before therapy [17] however they have
not been evaluated in post therapeutic surveillance. In the
present study, we evaluated the cross-sectional accuracy of
CCB with p16INK4a and Ki67 biomarkers and compared
it with conventional pap tests. We found that CCB has
better diagnostic accuracy than conventional pap smear
(MacNemar p value < 0.027) in post therapy cytology.

CCBs samples are like mini-biopsies. After radiation
therapy, due to extensive fibrosis and atrophy of the
cervical and vaginal epithelium, the epithelium becomes
dry and fragile and this makes collection of an adequate
population of epithelial cells difficult. On pap smears they
appear as fragments and misinterpreted as malignancy
[20]. However, we identified these fragments as atrophy
or benign glandular lesions on CCBs. We could also
identify adenocarcinoma on CCBs which was diagnosed
as suspicious of malignancy on pap smear; findings similar
to observations made by Desai et al. [17], who reported
that CCBs can correctly identify glandular lesions.

We have detected site recurrences and persistent
disease in 8 out of 35 (22%) cases with cell blocks
and Ki 67 index > 20%. Pap test alone detected site
recurrences in 17.1% (6 out of 35 patients). The Cohen’s
kappa agreement value for Ki67 labeling index with cut
off 20% was 1.00, which was similar to the reference
standard results (p<<0.001). This result suggests that Ki 67
index > 20 % on CCBs can differentiate radiation atypia
from cervical cancer. We have observed that increased
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Figure 3. (A) Poorly Differentiated Squamous Cell Carcinoma H& E, 40x (B) P16 INK4a Weak Expression, on (A)
4x,(C) Ki67 Expression on A,40x (D) Adenocarcinoma. H&E,40x (E) P16 INK4a Weak Expression on D,40x (F) Ki

67 Expression on D, 40 x

114  Asian Pacific Journal of Cancer Biology* Vol 6° Issue 2



apjcb.waocp.com

F.S.Desai, et al: The Role of Ki67 and p16INK4a Biomarkers on Conventional Cell Blocks to Differentiate

_— | Seurce of the Curve
e — paptest
= — CCBtest
—p16 eyt
ki 67 >

" Disase present
Reference Line

Sensitivity

o

o5 o8 10

o0 0‘2 04
1- Specificity

Test Area under the curve  Asymptotic sig. 95% CI

Pap test 0.845 0.003 0.705-0.985
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Figure 4. Receiver Operating Characteristic (ROC)
Curve for Detecting Residual Disease or Recurrences

inflammatory cells and reactive stromal cells showed
increased Ki67 indices, however they showed scattered
rather than fragment like pattern (Common in tumors)
[17] and their Ki 67 labeling indices were less than 16%.
Radiation can induce cytological changes in benign
and malignant epithelia like increased cytoplasm (with
preservation of nuclear-cytoplasmic ratio), cytoplasmic
vacuoles, eosinophilia, polychromasia, multinucleated
giant cells, nuclear membrane blebbing, nuclear
karyorrhexis and pyknosis. It also activates repair cells,
atypical stromal cells, endothelial cells and macrophages
[18]. In this situation, only strong nuclear expression [21]
and high hot spot count on morphologically abnormal
epithelial cells in tight clusters can avoid pitfalls during
interpretation. Malignant cells may be present after
completion of the treatment and can be considered as
a significant indicator of tumour recurrence or persistence
only if they are present in smears 1 month or more after
the completion of treatment [12, 18, 22]. The p16INK4a
expression in post therapy cancers varied. We found weak
pl6INK4a expression in both benign atrophic epithelia
and post therapy cancers. We did not find any statistical
association between pl6 expression and post therapy
cervical cancer.

One of the limitations of our study is a small sample
size. We did not study the patients during ongoing therapy
or earlier than one year, neither we could compare
the tests with PET/CT findings. We could not follow all
the patients. In the present study, inflammatory cells and
macrophages were identified based on morphology only
as we could not use PanCK and CD 68 markers because of
resource limitation. The method described in present study
is for cervicovaginal samplings and it could not detect
distant metastasis or other than site recurrences.

Thus, our findings suggest that Ki 67 labeling index >
20% on post therapy conventional cell blocks preparations
can identify persistent or recurrent cervical cancer.
More conventional CCBs have better accuracy than
conventional pap tests. We also observed that p1 6INK4a
is not much useful as a biomarker in evaluation recurrence/
residual disease.
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