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Non-Hodgkin lymphoma (NHL) comprises a diverse array of lymphoid malignancies
with different clinical presentations and prognostic outcomes. Ki-67, a nuclear protein, is a
potential biomarker for assessing disease aggressiveness and predicting therapeutic responses
in NHL. This retrospective cohort study aimed to evaluate the association between Ki-67
expression, aggressiveness, and therapeutic response in 87 patients with NHL who received
first-line chemotherapy. Ki-67 expression was assessed using immunohistochemistry, and the
therapeutic response was evaluated based on the International Working Group Consensus
Response Evaluation Criteria in Lymphoma (RECIL 2017). Significant differences in Ki-67
expression levels were found between aggressive and indolent NHL (p < 0.001) and between the
stable-progressive disease and partial-complete response groups (p = 0.006). A Ki-67 expression
cut-off of >55% distinguished aggressive from indolent NHL, with an area under the curve
(AUC) of 0.938 (p < 0.001). In aggressive NHL, a Ki-67 expression cut-off of >75% predicted
stable-progressive disease (AUC = 0.719, p = 0.005) with a relative risk (RR) of 2.07 (p = 0.042).
In indolent NHL, a cut-off of >35% was not statistically significant for predicting therapeutic
response. These findings suggest an association between Ki-67 expression, aggressiveness, and
therapeutic response in patients with NHL. However, further studies with larger cohorts are
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required to validate Ki-67 as a reliable and independent predictor in clinical practice.
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Non-Hodgkin lymphoma (NHL) is
the most commonly diagnosed hematological
neoplasm worldwide. More than 500,000 new cases
are diagnosed."? In recent decades, the incidence
of NHL has increased significantly.? Non-Hodgkin
lymphoma is a complex group of lymphoid
malignancies that exhibit clinical heterogeneity,
ranging from indolent to highly aggressive.* This
heterogeneity can complicate treatment strategy
planning and prognosis assessment. Indolent NHL
may only require non-intensive therapy or even
no immediate therapy, whereas aggressive NHL

requires rapid and intensive treatment to increase
survival.>® A comprehensive understanding of
these heterogeneous clinical manifestations is
essential for developing effective management
strategies. Reliable biomarkers are crucial for
determining disease aggressiveness and predicting
therapeutic responses, enabling clinicians to
develop effective therapeutic strategies that
enhance patient prognosis.

Ki-67, anuclear protein, is frequently used
as a biomarker for cell growth and replication.” Its
expression is evident across each stage of the cell
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cycle, excluding the resting phase.®® The expression
of Ki-67 protein is crucial for the diagnosis and
prognosis of several malignancies.'®'""'* A high
Ki-67 index in non-Hodgkin’s lymphoma has
been recognized as a potential indicator of a
more aggressive course of the disease and poorer
prognosis.'* However, the application of Ki-
67 in NHL remains inconsistent, necessitating
further studies. Some studies have found a
strong relationship between Ki-67 expression
and aggressiveness and therapeutic response,
whereas others have found a weak or non-existent
relationship.'*'* Moreover, studies investigating
the predictive significance of Ki-67 across different
histological types of NHL is lacking.

This study aimed to investigate the
association between Ki-67 expression, disease
aggressiveness, and therapeutic response in patients
with NHL. By identifying and clarifying this
association, Ki-67 may help clinicians determine
appropriate and effective therapeutic strategies for
patients with NHL.

MATERIALS AND METHODS

Study design and participants

This study employed an observational
design with a retrospective cohort approach.
Study participants were consecutively sampled
from patients with NHL aged 18 years or older
who received complete first-line chemotherapy at
Professor Ngoerah Hospital, Bali, between January
2023 and October 2024. Subjects who met the
inclusion criteria were recorded for therapeutic
response, and epidemiological, clinical, laboratory,
histopathological, and immunohistochemical data
were collected retrospectively. Patients who did
not complete all cycles of first-line chemotherapy
and those with incomplete data were excluded.

Non-Hodgkin’s lymphoma is classified
into two categories, aggressive and indolent,
based on its clinical and histopathological features.
Aggressive types include diffuse large B-cell
lymphoma (DLBCL), cutaneous lymphoma,
plasmablastic lymphoma, anaplastic lymphoma,
and natural killer (NK)/T-cell lymphomas. Indolent
types include follicular lymphoma, mucosa-
associated lymphoid tissue (MALT) lymphoma,
marginal zone lymphoma (MZL), and mantle
cell lymphoma. The clinical stage was assessed
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according to the Ann Arbor criteria."” Stages I to
ITA were classified as early stages, whereas stages
1IB to IV were classified as advanced stages.'®

Ki-67 expression was assessed by
immunohistochemistry (IHC). This method
involves the staining of tissue samples using
antibodies that are specific to Ki-67, followed by
the calculation of the percent of Ki-67 positive
cells. Patients received systemic therapy with
cyclophosphamide, doxorubicin, vincristine, and
prednisone with rituximab (R-CHOP) as first-line
therapy according to the protocol. Therapeutic
response was classified into two categories: partial-
complete response and stable-progressive disease.
The assessment was based on the International
Working Group Consensus Response Evaluation
Criteria in Lymphoma (RECIL 2017)."” Response
assessment is performed using clinical examination
and imaging techniques, such as ultrasonography,
magnetic resonance imaging (MRI), or computed
tomography (CT).
Data Analysis

The Mann-Whitney U test was applied to
determine the differences in Ki-67 expression levels
based on aggressiveness and therapeutic response.
The optimal cut-off value of Ki-67 expression
for assessing aggressiveness and predicting the
therapeutic response has been determined using
the receiver operating characteristic (ROC)
curve. To identify the Ki-67 cut-off for predicting
therapeutic response, ROC analysis was performed
based on the type of aggressive or indolent LNH.
The chi-square test was employed to determine
the relative risk of high Ki-67 expression levels
for the development of stable-progressive disease
in patients with NHL after completing a cycle of
chemotherapy.

Data analysis was performed using SPSS
software (version 25.0). The significance threshold
was set at p < 0.05.

RESULTS

A total of 87 patients were enrolled in
this study. The majority of patients (60%) had
histological-type DLBCL, and 33% were in stage
IIB. A total of 31% of patients achieved a complete
response (Table 1).

Table 2 shows the significant differences
in disease stage and Ki-67 expression between
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patients with aggressive and indolent types of
NHL. A significant difference in Ki-67 expression
was observed between the stable-progressive and
partial-complete response groups.

For the determination of NHL
aggressiveness, we found a cut-off value of Ki-
67 expression of >55% to distinguish between
aggressive and indolent NHL, with an AUC of
0.938 (95% CI, 0.892-0.984), p<0.001 (Graph 1A
and Table 3). For predicting therapeutic response,
we identified a Ki-67 expression cut-off value of
>75% as being associated with the occurrence of
stable-progressive disease in aggressive NHL,
with an AUC of 0.719 (95% CI, 0.588-0.849), p =
0.005 (Graph 1B and Table 3). In indolent NHL,

Table 1. Characteristics of Patients

Variable Value(n = 87)
Age, years 57 (23 - 82)
Sex, n (%)

Female 33(37.9)
Male 54 (62.1)
Histologic type, n (%)

DLBCL 53(60.9)
Follicular lymphoma 18 (20.7)
Marginal zone lymphoma 334
NK/T cell lymphoma 334
Mantle cell lymphoma 5(5.7)
MALT lymphoma 2(2.3)
Plasmablastic lymphoma 1(1.1)
Cutaneous lymphoma 1(1.1)
Anaplastic lymphoma 1(1.1)
Aggressiveness, n (%)

Aggressive 61 (70.1)
Indolent 26 (29.9)
Stage of disease, n (%)

1B 5(5.7)
A 16 (18.4)
B 29 (33.3)
1A 4 (4.6)
1B 28 (32.2)
v 5(.7)
Chemotherapy response, n (%)

Complete response 27 (31.0)
Partial response 26 (29.9)
Stable discase 26 (29.9)
Progressive disease 8(9.2)
Ki-67 expression, % 70 (10 - 90)

Numerical data are expressed as median (minimum-maximum),
while categorical variables are represented as counts
(percentages).
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we identified a cut-off value of >35% with an AUC
of 0.614; however, this finding was not statistically
significant (Graph 1C and Table 3).

Using Chi-square analysis, we found
that high Ki-67 expression levels (greater than
75%) had a relative risk (RR) of 2.07 (95% CI,
1.01-4.36; p = 0.042) for the development of
stable-progressive disease after first-line therapy
in aggressive NHL.

DISCUSSION

Our study found significant differences
in Ki-67 expression levels between patients
with aggressive and indolent NHL. Several
studies have supported these findings. Studies
have reported a mean Ki-67 index of 97.6% for
aggressive lymphomas.”® Diffuse large B-cell
lymphoma, the predominant form of aggressive
NHL, exhibits a mean Ki-67 index of 66.4%.'8
In indolent NHL, Ki-67 expression levels were
generally low, with a mean of 26.6%. Follicular
lymphoma, the predominant form of indolent
non-Hodgkin lymphoma, exhibits an average
Ki-67 expression level of 34.6%.'® The study also
showed that high Ki-67 expression in patients
with NHL could predict a more aggressive disease
course, necessitating more intensive treatment
regimens.'® Higher Ki-67 expression levels are
associated with advanced disease stages and higher
lactate dehydrogenase (LDH) levels, indicating
a more aggressive disease.” Beyond percentage
differences, Ki-67 expression may also exhibit
variability in staining intensity and nuclear
distribution, with certain tumors displaying focal
or heterogeneous staining patterns. This variability
can affect scoring accuracy and inter-observer
agreement, highlighting the need for standardized
evaluation methods.?*?!

Our study found that a Ki-67 expression
level >55% was the optimal cut-off point for
differentiating aggressive lymphoma from indolent
lymphoma. This cut-off value was supported by a
high AUC of 0.938, indicating a highly accurate
performance. Other studies have found that Ki-
67 expression levels greater than 45% can help
discriminate aggressive lymphoma from indolent
lymphoma.'*** In NHL, high Ki-67 expression is
associated with high tumor growth rates and poor
prognoses. These findings emphasize the role of
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Table 3. The optimal cut-off value of Ki-67 expression levels for determining aggressiveness and predicting

therapy response in non-Hodgkin lymphoma patients

Cut-off Sensitivity ~ Specificity Area under 95% p-value
(%) (%) curve Confidence
interval
The cut-off value for aggressiveness
Ki-67 expression, % >55 83.6 96.2 0.938 0.892 - 0.984 <0.001*
Cut-off value for predicting therapeutic response
Aggressive NHL
Ki-67 expression, % >75 68.2 60.0 0.719 0.588 — 0.849 0.005*
Indolent NHL
Ki-67 expression, % >35 55.6 58.8 0.614 0.391-0.838 0.346
*: statistically significant; AUC: area under the curve
A A ROC Curve
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Graph 1. Receiver operating characteristic analysis for identifying the appropriate cut-off value and area under
the curve of Ki-67 expression levels. A. Cut-off value and AUC for determining aggressiveness; B. Cut-off
value and AUC for predicting therapeutic response in aggressive NHL; C. Cut-off value and AUC for predicting

therapeutic response in indolent NHL
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Ki-67 in risk stratification and guide clinicians in
therapeutic decision-making.

We found significant differences in
Ki-67 expression levels between patients with
stable-progressive disease and those with partial-
complete responses. The present findings are
consistent with the results of other studies that
found higher levels of Ki-67 expression to be
correlated with higher International Prognostic
Index (IPI) scores, indicating a poorer treatment
response and prognosis.?*** We found that the cut-
off level for Ki-67 expression was greater than 75%
for the occurrence of stable-progressive disease
in aggressive NHL. The risk of stable-progressive
disease is two-fold higher in patients with high Ki-
67 expression. These results align with studies on
DLBCL, which have found that Ki-67 expression
levels greater than 70% are associated with lower
overall survival (OS)."** However, Hubner et al.
found that the IPI score was a more significant
risk factor for OS than Ki-67 in their multivariate
analysis.”* The modified Prognostic Index for
T-cell lymphoma (mPIT) integrates Ki-67 into its
scoring system, thereby reinforcing its prognostic
significance in T-cell lymphomas.?%’

The prognostic significance of Ki-67
varies among the different NHL subtypes. In
DLBCL, elevated Ki-67 levels are consistently
correlated with adverse outcomes.'**>2¥ Conversely,
the results for follicular lymphoma are more
heterogeneous.'**? In indolent NHL, we identified
a cut-off value of >35% for the occurrence of
stable-progressive disease; however, this finding
was not statistically significant. Another study
on follicular lymphoma (FL) found that Ki-67
expression greater than 30% was associated with
longer progression-free survival (PFS) in patients
treated with R-CHOP but not in those treated with
bendamustine-rituximab (BR).* Other studies have
shown that high Ki-67 expression is associated with
disease progression within 24 months in patients
with FL and correlates with poorer outcomes.*
These findings contradict those of previous
studies, highlighting the complexity and potential
variability of Ki-67 prognostic value in different
patient subsets and treatment regimens.

This study had several limitations
that should be acknowledged. First, the sample
size was relatively small, which may affect
the generalizability of the findings, especially
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when analyzing Ki-67 expression across diverse
NHL subtypes. Second, the assessment of Ki-67
expression relied on visual scoring by pathologists,
which may be subject to inter-observer variability,
particularly given the heterogeneity in staining
intensity and nuclear distribution. Third, the study
was conducted at a single institution.

CONCLUSION

There is an association between Ki-
67 expression, aggressiveness, and therapeutic
response in patients with non-Hodgkin lymphoma.
Future studies should focus on validating these
findings in larger, multicenter cohorts to improve
the generalizability of Ki-67 as a prognostic
and predictive marker for various non-Hodgkin
lymphoma subtypes.
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