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ABSTRACT

Objective: We aimed to determine the predictive significance of Ki-67 and platelet lymphocyte ratio (PLR) in patients with gastric cancer
(GC), who received fluorouracil, leucovorin, oxaliplatin, docetaxel (FLOT) as neoadjuvant chemotherapy (NAC).

Study Design: Descriptive study.

Place and Duration of Study: Department of Medical Oncology, Faculty of Medicine, Ondokuz Mayis University, Samsun, Turkey from
March 2016 to January 2020.

Methodology: Seventy-five patients with GC, who received FLOT treatment as NAC were included in the study. Ki-67 and PLR, which were
examined pre-NAC and aft-NAC, were recorded. Associations between clinical-histopathological parameters with disease-free survival (DFS)
and overall survival (OS) were analysed using Kaplan-Meier curves. Cox-regression analysis was used to assess their prognostic values.
Results: There was a statistically significant difference between pre-NAC and aft-NAC Ki-67, and aft-NAC PLR values between groups with
complete response, partial response, and stable disease aft-NAC (p: 0.023, p: <0.001; and p: 0.001, respectively). When the patients were
grouped according to the pre-NAC and aft-NAC Ki-67 changes, a significant difference was found in terms of OS (p< 0.001). High pre-NAC
and high aft-NAC Ki-67 were associated with shorter DFS and OS (p: 0.042, p: 0.049; p: 0.027, and p: 0.001, respectively). The high pre-
NAC PLR was associated with shorter OS, while the high aft-NAC PLR was associated with shorter DFS (p: 0.018, and p: 0.001, respec-
tively). In multivariate analysis, aft-NAC Ki-67 was found to be an independent prognostic factor for OS.

Conclusion: Ki-67 and PLR have predictive significance in GC patients treated with neoadjuvant FLOT. Ki-67 is an independent prognostic
marker for OS in gastric cancer.
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INTRODUCTION

Gastric cancer (GC) is the 5th most common cancer and the third
most common cause of cancer-related deaths.' Since, approxi-
mately 2/3 of the patients are in the locally advanced stage at the
time ofdiagnosis, they are generally notsuitable forsurgical treat-
ment, and neoadjuvant chemotherapy (NAC) is a more suitable
treatment option for these patients.'Recent studies have shown
that for patients with stage llI-lll disease, the use of fluorouracil,
leucovorin, oxaliplatin and docetaxel (FLOT) therapy as NAC
regimen is more effective than other chemotherapy regimens.’
Evaluation of NAC effectivenessis essential todecide onthe selec-
tionofadjuvanttherapy.
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InadditiontoradiologicalevaluationbasedonResponse Evalua-
tion Criteria In Solid Tumours (RECIST) criteria and pathological
response ratings such as Mandard score have been used in
efficacy evaluation. The role of some different biomarkers in
evaluating efficacy has also been recently investigated.’One of
these markers, Ki-67, is a nuclear protein which is commonly
used to demonstrate cellular proliferation detected in the cell
cycle G1, S, G2, and M phases; but not detected in the resting
phase of GO, andis also associated with tumour cell proliferation
rate.’ Although some studies in patients with locally advanced
GChave shown a correlation between radiological imaging and
histopathological findings, and high Ki-67 is associated with
poor prognosis, the importance of Ki-67 expression as a NAC
predictor in GC patients is still uncertain.’ Apart from prolifera-
tive markers such as Ki-67, systemic inflammatory response
indicators such as lymphocyte, neutrophil, and platelet are also
associated with the development and progression of many
tumours. Tumour cells can alter the balance of pro-inflamma-
tory mediators by increasing neutrophil, monocyte, and
platelet count in peripheral blood and decreasing lymphocyte
count.®The platelets play an important role in tumour develop-
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ment and metastasis, although the mechanism of this action is
still unknown, the increased platelet count is associated with
shorter survival in many malignancies.” Lymphocytes induce
cytotoxic cell death and inhibit the proliferation and migration
of tumour cells.® Inflammatory markers such as PLR, obtained
from systemic inflammatory response indicators, are associ-
atedwith prognosisinmany cancerssuchasGC, colon,and pros-
tate.”™ However, the role of these inflammatory markers in
responsetotreatmentinpatientswithGCisnotyetclear.

Therefore, the aim of this study wastoinvestigate the predictive
significance of Ki-67 and PLR levels before (pre-NAC) and after
(aft-NAC) NAC in terms of response assessment to the FLOT
regimeninpatientswith GC. ltwasalsoaimedtoshowtheimpor-
tance of pre-NAC and aft-NAC level changes of these markers
forthedetermination of tumourchemosensitivity.

METHODOLOGY

Seventy-five patients with gastricadenocarcinoma, who under-
went FLOT treatment as an NAC regimen in the Medical
Oncology Department between 2016-2020 were evaluated
retrospectively.

Theinclusion criteria were age 18-75 years; gastricadenocarci-
noma confirmed via gastroscopic biopsy; no distant organ
metastasis; good performance status (0-2) of Eastern Clinical
Oncology Group (ECOG), and good haematological, hepatic,
renal and cardiac function. Exclusion criteria included another
malignancy, systemic infection, haematological and autoim-
munediseases.

Clinical variables such as gender, age, ECOG performance
status, tumour location, tumour size, lymph node involve-
ment, tumour stage, and laboratory data such as pre-NAC
lymphocyte and platelets were obtained from archive files.
Biopsy findings at the time of pre-NAC diagnosis and patholog-
ical findings in the aft-NAC operation material such as Ki-67,
histologicaltype, Barrettepithelium, perineuralinvasion (PNI),
lymphovascular invasion (LVI) were taken from the Pathology
Department electronic registry system. In the immunohisto-
chemical study with a primary antibody, Ki-67 expression was
determined by selecting the areas with the most intense
staining (hot-spot) in the light microscope and calculating the
percentage of Ki-67 stained tumour cells. PLR was calculated
by dividing platelet count by lymphocyte count. Pre-NAC and
four cycles of aft-NAC PLR values were recorded. Aft-NAC
response evaluation was performed by grouping as complete
response, partial response, stable, and progressive disease
according to RECIST criteria.

TheKi-67 and PLRweredichotomised based onareceiveroper-
ating characteristic (ROC) curve analysis. The best cut-off
values were determined for pre-NAC / aft-NAC Ki-67 (60, 30)
and PLR (336.7, 110). According to the ROC analysis, area
under curve (AUC) values for pre-NAC Ki-67 (0.646), aft-NAC
Ki-67 (0.682), pre-NAC PLR (0.50), and aft-NAC PLR (0.594)
werefoundasindicated.

Table I: Clinical and demographic characteristics of gastric cancer
patientstreated withneoadjuvantFLOT.

n (%)
Gender
Female 27(36.0)
Male 48(64.0)
Age (year)
<65 45(60.0)
=65 30(40.0)
ECOG
0-1 43(57.3)
2 32(42.7)
Tumor localisation
Cardia 30(40.0)
Corpus 24(32.0)
Antrum 21(28.0)
Barrett mucosa
Yes 8(10.7)
No 67(89.3)
Lauren classification
Diffuse 20(26.7)
Intestinal-mix 54(72.0)
Unknown 1(1.3)
Grade
1 5(6.7)
2 54(72.0)
3 16(21.3)
Stage group
2 18(24.0)
3 57(76.0)
Response to neoadjuvant treatment
Complete response 26(34.7)
Partial response 26(34.7)
Stable disease 23(30.7)
Type of gastrectomy
Subtotal 27(36.0)
Total 48(64.0)
Type of resection
RO 64(85.3)
R1 11(14.7)
Lymphovascular invasion
No 42(56.0)
Yes 33(44.0)
Perineural invasion
No 52(69.3)
Yes 23(30.7)
Pathological stage
1 17(22.7)
2 43(57.3)
3 15(20.0)
Status
Alive 67(89.3)
Death 8(10.7)

ECOG: Eastern Cooperative Oncology Group Performance Status; A/CC: American
Joint Committee on Cancer.

According to NAC's response, the groups' relationships with the
pre-NAC and aft-NAC Ki-67 and PLR values and the differences
in the OS time according to the aft-NAC alteration groups of
these parameters were tested with One-Way ANOVA. Tukey's
post-hoc tests were used for subgroup analyses. Overall
survival (OS) was calculated from the date of diagnosis to death
and censored at the date of the last follow-up for survivors.
Disease-free survival (DFS) was calculated from the date of
surgery to the date of relapse or death and censored at the date
ofthelastfollow-up forsurvivors withoutrecurrence.
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Table IlI: Survival of patients before and after NAC, according to Ki-67 level change.

Change in Ki-67 with chemotherapy n 0S mean *+ SD | Change in Ki67 with chemotherapy n OSmean*SD | p
Pre-NAC Ki67"°"-aft NAC Ki 67" 26 | 28.69+6.4 Pre-NAC Ki67""-aft NAC Ki 67" 10 | 22.30+2.0 0.006
Pre-NAC Ki67"-aft NAC Ki 67" 26 | 28.15+5.2 0.980
‘ Pre-NAC Ki67“1-aft NAC Ki 67" 13 | 22.0£2.1 0.001
Pre-NAC Ki67""-aft NAC Ki 67" 10 | 22.30+2.0 Pre-NAC Ki67"-aft NAC Ki 67" 26 | 28.15%5.2 0.014
Pre-NAC Ki67"-aft NAC Ki 67" 13 | 22.0%2.1 0.999
Pre-NAC Ki67"-aft NAC Ki 67" 26 | 28.15+5.2 Pre-NAC Ki67"-aft NAC Ki 67" 13 | 22.0£2.1 0.003
Statistically significant p values are in bold (p < 0.05).Pre-NAC: Before neoadjuvant chemotherapy, Aft-NAC: After neoadjuvant chemotherapy.
Table IlI: Univariate and multivariate analysis of parameters for DFS and OS.
Univariate DFS HR p Multivariate DFS HR p Univariate OS HR p Multivariate 0OS HR p
Gender 0.055(0.012-0.247) <0.001 | 0.038(0.003-0.555) 0.017 | 0.189(0.038-0.942) 0.042 | 0.318(0.054-1.866) 0.205
Age 0.721(0.283-1.834) 0.492 0.430(0.087-2.136) 0.302
ECOG 1.707(0.649-4.492) 0.279 8.581(1.056-69.762) | 0.044 | 7.988(0.974-65.494) | 0.053
Tumor
o 1.172(0.817-1.680) 0.388 1.765(0.893-3.491) 0.102
localization
Barrett mucosa | 0.405(0.145-1.130) 0.084 0.403(0.081-1.999) | 0.266
Lauren
. 3.133(1.209-8.121) 0.019 3.443(0.724 16.373) | 0.120 | 4.362(0.783-24.294) | 0.093
classification
Grade 0.679(0.241-1.912) 0.463 1.532(0.408-5.754) 0.527
AJCC TNM
0.660(0.251-1.739) 0.401 0.313(0.078-1.252) 0.101
Stage
Response to
neoadjuvant 2.413(1.291-4.511) 0.006 1.347(0.606-2.992) 0.465 | 0.879(0.374-2.062) 0.766
treatment
Type of
0.268(0.104-0.691) 0.006 0.634(0.151-2.661) 0.534 | 0.315(0.075-1.321) 0.114
gastrectomy
Type of
) 3.236(1.297-8.073) 0.012 6.025(1.368-26.539) | 0.018 | 0.712(0.088-5.791) 0.751
resection
LVi 7.331(2.098-25.620) | 0.002 0.451(0.000-1.669) 0.937 | 1.216(0.304-4.870) 0.782
PNi 6.465(1.869-22.365) | 0.003 0.570(0.000-2.028) 0.955 | 2.009(0.501-8.064) 0.325
Pathological
stage 4.185(1.830-9.569) 0.001 0.944(0.297-2.996) 0.922 | 2.419(0.796-7.353) 0.119
Pre-NAC Ki67 2.402(0.911-6.335) 0.077 6.345(0.780-51.613) | 0.084
Aft-NAC Ki67 2.459(0.984-6.144) 0.054 8.260(1.627-41.928) | 0.011 | 7.582(1.329-43.251) | 0.023
Pre-NAC PLR 2.513(0.577-10.951) | 0.220 5.549(1.116-27.593) | 0.036 | 2.524(0.427-14.912) | 0.307
10.765 (1.436
Aft-NAC PLR 80.708) 0.021 2.827(0.231-34.660) | 0.417 | 2.979(0.366-24.215) | 0.307
Statistically significant p values are in bold (p <0.05). ECOG: Eastern Cooperative Oncology Group Performance Status; AJCC: American Joint Committee on Cancer;
PLR: Platelet-lymphocyte ratio; LVI: Lymphovascular invasion; PNI: Perineural invasion,; Pre-NAC: Before neoadjuvant chemotherapy; Aft-NAC: After neoadjuvant
chemotherapy.

Associations between clinical and histopathological
parameters with OS and DFS were analysed using Kaplan-
Meier curves and compared by the log-rank test.

Univariate and multivariate cox-regression analyses were
performed to determine the effects of potential prognostic
factors, including gender, age, ECOG, site, Barrett
epithelium, Lauren classification, grade, American Joint
Committee on Cancer (AJCC) TNM stage and response to
neoadjuvant therapy for DFS and OS. Hazard ratios (HRs)
were estimated from the Cox analysis and were reported as
relative risks with corresponding 95% confidence intervals
(Cls). Categorical data were expressed as frequencies and
percentages, while continuous data as mean = S.D. All
analyses were performed using the SPSS statistical software

package (SPSS statistics version 21.0). A p <0.05 was
considered statistically significant.

RESULTS

Out of the 75 patients included in this study, 27 (36%) were
females and 48 (64%) were males. The mean age of the
patients was 61.93 += 7.9 years. The clinical and
demographic characteristics of the patients are in Table I.
After FLOT treatment as an NAC regimen, 26 (34.7%)
patients had complete response, 26 (34.7%) patients had
partial response, and 23 (30.7%) patients had stable
disease. At the end of 26.49 = 5.7 months (14-36 months)
with a mean follow-up period, 19 (25.3%) patients developed
progression, while 8 (10.7%) patients died.
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Mean Ki-67 and PLR values pre-NAC and aft-NAC in all
patient groups were 60.77 + 26.5, 28.53 + 24.3, 142.76 =
72.3, and 179.36 £ 95.2, respectively. In terms of response
to NAC, pre-NAC Ki-67 was 55.92 + 27.6 in the fully
responsive group, 54.58 £ 28.2 in the partial responsive
group, and 73.26 = 19.0 in the stable disease group. Aft-
NAC Ki-67 was 13.46 + 10.8 in the fully responsive group,
27.69 = 20.2 in the partial responsive group, 46.52 + 28.1 in
the stable disease group, and the difference between the
groups were significant (p: 0.023, and p<0.001,
respectively). The subgroup analysis showed that there was
no statistically significant difference between the complete
response and stable response groups in the pre-NAC Ki-67
and the complete response group and the partial response
group, while there was a significant difference between the
partial response and stable response groups, (p: 0.052, and
p:0.98, and p: 0.033, respectively).

The Ki-67 in the aft-NAC period was found to be significantly
different between the groups of complete response and
partial response, complete response and stable response,
partial response, and stable response (p: 0.039, p <0.001,
and p: 0.006, respectively).

In terms of NAC response, pre-NAC PLR was 138.28 + 89.6 in
the complete responsive group, 146.98 = 61.8 in the partial
responsive group, and 143.04 + 63.83 in the stable disease
group, and no statistically significant difference was found
(p:0.912). Aft-NAC PLR was 159.72 = 75.8 in the complete
responsive group, 147.14 = 65.7 in the partial responsive
group, and 237.99 = 117.4 in the stable disease group, and
there was a statistically significant difference ( p: 0.001).
When subgroup analysis was performed, there was no
difference between a complete response and partial
response groups in aft-NAC PLR, whereas there was a
statistically significant difference between the groups of
complete response and stable response, and partial
response and stable response (p: 0.893, p: 0.007, and p:
0.025, respectively).

When all patients were grouped according to pre-NAC and
aft-NAC Ki-67 level change, there was a significant OS
difference between the groups with Ki-67 expression pre-
NAC"™™ - aft-NAC"", pre-NAC"®" - aft-NAC", pre-NAC" - aft-
NAC"®", pre-NAC" - aft-NAC" (p <0.001). Subgroup analysis
is shown in Table Il. When patients are grouped according to
pre-NAC and aft-NAC PLR change, OS %= SD duration was
28.05+6.7 months in the group with pre-NAC®" - aft-NAC""
PLR, 25.84 * 5.3 months in the group with pre-NAC*" - aft-
NAC", and 26.00 = 4.6 months in the group with pre-NAC" -
aft-NAC", and no statistically significant difference was found
(p: 0.324).

As of the period of analysis, the average DFS was 30
(27.91-32.0) months and the OS was 34.13 (32.9-35.3)

months. The high Ki-67 in both pre-NAC and aft-NAC periods
was statistically significant for shorter DFS and OS (p: 0.042,
p: 0.027; p: 0.049, and p: 0.001, respectively). While high
pre-NAC PLR was associated with shorter OS, high PLR in the
aft-NAC period was statistically significant for shorter DFS (p:
0.018, and p: 0.001, respectively).

A Cox proportional hazards model was used to evaluate the
potential predictors as seen in Table Ill. In multivariate
analysis, gender (HR: 0.038, 95% C.I: 0.003-0.555 p:0.017),
and type of resection (HR: 6.025, 95% C.I: 1.368-26.539,
p:0.018) were identified as independent prognostic factors
for DFS. Aft-NAC Ki-67 (HR: 7.582, 95% C.I: 1.329-43.251,
p:0.023) was identified as independent prognostic factor for
0S (Table 111).

DISCUSSION

Although GC is often diagnosed at a locally advanced stage,
advances in multimodal therapy in recent years have
significantly increased the life span and quality of life for
these patients.’” It was also found aft-NAC Ki-67 as
independent prognostic factors for OS in this study, where
the authors investigated the predictive importance of Ki-67
and PLR in patients with GC, who received neoadjuvant
FLOT therapy for the first time in the literature. In terms of
response to NAC, the decrease in Ki-67 was the highest in
the complete responsive group, while it was the lowest in
the group with stable disease.

Ki-67 protein is a cellular marker used to evaluate the
proliferative activity of cancer cells, and a high Ki-67 level is
associated with a poor prognosis of high grade and
advanced-stage cancers.” Although Ki-67 is associated with
prognosis in many solid organ malignancies such as breast
cancer and colorectal cancer, the prognostic role of Ki-67 is
still unclear in patients with GC.>****

However, there is growing evidence that immune-
inflammatory status plays an important role in
carcinogenesis pathways in some cancers, including GC.
Platelets, as one of the systemic inflammatory response
indicators, mediate the migratory and angiogenetic effects
of cancer cells in the tumoural microenvironment, on the
contrary, lymphocytes show anti-tumoural activity.
Therefore, PLR, which shows the balance between platelet
count and lymphocyte count, may reflect the inflammatory
state of the host. Recent studies have shown that PLR is
prognostic in various cancers, including stomach cancer,
colorectal cancer, ovarian clear cell carcinoma, and prostate
cancer.**'! Similarly, high PLR is associated with tumour
aggressiveness in some malignancies, including GC.***®

In a study by Sun et al., 58 advanced GC patients were
included in the study, and the FOLFOX4 (5-fluorouracil /
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leucovorin combined and oxaliplatin) regimen was given as a
neoadjuvant to 23 patients and as an adjuvant to 35 patients.
The positive expression rate of Ki-67 was lower in the group
receiving NAC than in the adjuvant group. In addition, there
was a negative correlation between the high levels of the
Ki-67 and response to NAC. In the same study, although
longer OS and PFS were reported in Ki-67 negative patients
who received NAC than Ki-67 positive patients, the difference
was statistically significant for OS, but not significant for PFS.
No significant relationship was found between Ki-67
expression and other variables such as invasion depth, nodal
involvement, and TNM stage.” In another study involving 167
patients by Wu et al. eighty-four of the patients were
administered mFOLFOX7 (fluorouracil, leucovorin, oxaliplatin)
as NAC and 83 of them as adjuvants.

Patients with better pathological responses had a higher
Apoptosis index (Al), lower Ki-67 index (Kl), and higher Al/KI
ratio, but KI and Al/KI ratio were not significantly associated
with prognosis. In this study, it was shown that Al and K
predicted NAC activity, and less differentiation and less
vascular invasion were detected in the group where NAC was
applied. Tumour invasion depth showed a significant
correlation with Al in both groups, but only in the group
receiving NAC, it was found to be significantly associated with
KI.*° Qu et al. investigated the predictors for response to
mFOLFOX7 given as NAC in 53 patients with Stage Il-lll GC,
and found no significant difference in the levels of pre-NAC
and aft-NAC tumour markers. In terms of NAC efficacy and
protein expression, no significant difference was found for
Ki-67.%" Unlike the two studies conducted by Sun et al. and
Wu et al, this study included only the patients who received
NAC, and evaluated pre-NAC and aft-NAC Ki-67 values. In
terms of response to NAC, similar to these studies, in the
pre-NAC and aft-NAC period, Ki-67 was the lowest in the
complete response group, while it was the highest in the
stable disease group; and the difference between the groups
was statistically significant. Additionally, unlike other
studies, aft-NAC Ki-67 were found prognostic for OS in this
study. Unlike previous studies, all patients were grouped
according to pre-NAC and aft-NAC Ki-67 level changes. The
authors recorded a significant OS difference between the
groups with Ki-67 expression pre-NAC*" - aft-NAC"", pre-
NAC"™ - aft-NAC", pre-NAC" - aft-NAC"", pre-NAC" - aft-
NAC". Similarly, the Ki-67 level observed in the pre-NAC and
aft-NAC period was associated with survival. Unlike the
study of Qu et al; in this study, there was a significant
decrease in the Ki-67 level after treatment, and the
decrease in Ki-67 levels was significant in patients with good
response to NAC. Unlike the studies by Wu et al. and Qu et
al, it was observed the aft-NAC Ki-67 level as an
independent prognostic factor.

Many studies showed that PLR is a useful biomarker to
predict the prognostic outcome in GC patients.””” In a study
of 91 patients diagnosed with stage Il and Il GC, the cut-off

value for PLR before NAC [SOX (S-1 plus oxaliplatin) in 35
patients, XELOX (oxaliplatin and capecitabine) in 56
patients] was 162, and PLR was an independent prognostic
factor for DFS and OS. It was found that the average DFS
and OS durations in patients with low PLR were longer than
patients with high PLR. In groups with low and high PLR,
there was no significant difference in response to
treatment.” Gong et al. showed that patients with pre-NAC
high PLR had worse OS than those with low PLR and found
pre-NAC PLR as an independent prognostic factor for OS. In
the same study, when patients were grouped according to
pre-NAC and aft-NAC PLR changes, the duration of OS was
statistically significantly longer in the group with pre-NAC
PLR®" - aft-NAC PLR"" compared to the group with pre-NAC
PLR"" - aft-NAC PLR", and in the group with pre-NAC PLR" -
aft-NAC PLR"" than the group with pre-NAC PLR" - aft-NAC
PLR". OS duration was shorter in the group with pre-NAC
PLR"™ - aft-NAC PLR" compared to the group with pre-NAC
PLR" - aft-NAC PLR""?* In this study, similar to these
previous studies, pre-NAC high PLR was associated with
worse OS. Consistent with the literature, high PLR in the aft-
NAC period was also significantly associated with shorter
DFS. Unlike the study conducted by Gong et al. when the
patients were grouped according to the pre-NAC and aft-NAC
PLR changes, there was no statistically significant difference
in OS time. However, in terms of response to NAC, the PLR in
the aft-NAC period was lower in the groups with a complete
response and partial response compared to the group with
stable disease, and the difference between them was
statistically significant.

Finally, this study is important because it is the first study to
demonstrate that Ki-67 expression and PLR were associated
with response to NAC in patients with GC receiving
neoadjuvant FLOT therapy. However, this study has
limitations as it was retrospective and included a limited
number of patients. Therefore, we think that future
prospective studies involving more patients are needed.

CONCLUSION

In GC patients treated with FLOT as the NAC regimen, the
Ki-67 expression and PLR might be determinants of efficacy
of treatment. Therefore, a routine evaluation of Ki-67, one of
the immunohistochemical findings, and PLR, one of the
haematological markers, may provide an advantage to
determine the treatment strategy in patients with GC.
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