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A new prognostic index associated with pathological complete response

in rectal cancer

Rektum kanserinde patolojik tam yanut iligkili yeni bir prognostik index
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Abstract

Purpose: Approximately half of rectal cancer cases are
diagnosed at a locally advanced stage. It is important to
identify biomarkers that can predict pathological complete
response in patients undergoing surgery following
neoadjuvant chemoradiotherapy.

Materials and Methods: This retrospective study
included 205 patients with locally advanced rectal cancer
who underwent surgery and adjuvant chemotherapy
following neoadjuvant chemoradiotherapy. Inflammatory
biomarkers were assayed in the complete blood count
before neoadjuvant therapy.

Results: A pathological complete response was detected
in 20.5% of the patients. The neutrophil-lymphocyte ratio,
platelet-lymphocyte ratio, and pan-immune inflammation
value were significantly lower in the pathological complete
response (+) group than in the pathological complete
response (-) group. The cut-off of the pan-immune
inflammation value was < 331.2, and this parameter had
the best diagnostic performance of 90.4%.

Conclusion: Neoadjuvant chemoradiotherapy followed
by surgery and adjuvant chemotherapy remains the
standard treatment approach for rectal cancer. Since
pathological complete response improves oncological
outcomes, it is important to identify biomarkers that can
predict pathological complete response in rectal cancer
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Amag: Rektal kanserlerin yaklasik yarist lokal ileri evrede
tant almaktadir. Neoadjuvan kemoradyoterapiyi takiben
cerrahi uygulanan hastalarda patolojik tam  yaniti
ongorecek biyobelirteglerin saptanmasi 6nemlidir.

Gere¢ ve Yontem: Retrospektif planlanan calismaya
neoadjuvan kemoradyoterapiyi takiben cerrahi gegirmis ve
adjuvan kemoterapi almus lokal ileri evre rektum kanserli
205 hasta dahil edildi. Neoadjuvan tedavi 6ncesinde
bakilan tam kan sayiminda inflamatuvar biyobelirtecler
caligtld.

Bulgular: Hastalarin  %20.5’inde patolojik tam yanit
saptandi. Notrofil-lenfosit orani, platelet-lenfosit orani ve
pan-immun inflamasyon degeri patolojik tam yamit (+)
grupta patolojik tam yamit (-) gruptan anlamli dusik
bulundu. Pan-immiin inflamasyon icin cut-off <331.2
bulundu ve %90.4 ile en iyi tanisal test olarak saptandi.
Sonug: Rektum kanserinde neoadjuvan kemoradyoterapi,
sonrasinda cerrahi ve adjuvan kemoterapi standart tedavi
yaklasimi olarak 6nemini korumaktadir. Patolojik tam yanit
onkolojik sonuglart iyilestirdiginden; rektum kanserinde de
patolojik tam yaniti 6ngbrecek biyobelirteglerin bilinmesi
Snemlidir. Notrofil-lenfosit oran, platelet-lenfosit orant ve
pan-immun inflamasyon degeri patolojik tam yanmit (+)
grupta anlaml diisiik saptandi ve pan-immiun inflamasyon
en iyi tanisal test olarak saptandi.

Anahtar kelimeler: Rektum kanseri, patolojik tam yanut,
inflamatuvar biyobelirtegler, pan-immin inflamasyon
degeri
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INTRODUCTION

Colorectal cancer (CRC) is the thitd most common
and second-leading cause of cancer-related mortality
in the world!. Rectal cancer constitutes approximately
30% of CRC cases, of which nearly half are diagnosed
at locally advanced stage?. In these patients, the
standard treatment is neoadjuvant
chemoradiotherapy (nCRT), followed by surgery, and
then adjuvant chemotherapy; however, total
neoadjuvant therapy has also come into prominence
in the current studies>%. Although total neoadjuvant
therapy results in a higher rate of pathological
complete response (pCR) and longer disease-free
sutvival (DFS) than the standard treatment approach
both in the short and long terms, the standard
treatment option remains important in current
clinical practice>*. 16-22% of patients who received
nCRT before surgery achieved pCR in Allegra’s
study®. However, there is limited information that can
assist in the prediction of patients who will have pCR
after nCRT.

The role of inflammation in carcinogenesis is
important®. The inflammatory response is involved in
different processes of cancer, such as initiation,
prognosis, and metastasis. High neutrophils and
platelets are associated with a poor prognosis, while a
high lymphocyte count has the opposite effect.
Therefore, parameters such as the neutrophil-to-
lymphocyte ratio (NLR), platelet-to-lymphocyte ratio
(PLR) and lymphocyte-to-monocyte ratio (LMR),
which evaluate the status of neutrophils, platelets,
monocytes, and lymphocytes, have been investigated
as possible prognostic markers in many malignancies,
including rectal cancer’>8. A tumort’s course can be
predicted using systemic inflammatory biomarkers®.
The neutrophil-lymphocyte ratio (NLR), the
lymphocyte-monocyte ratio (LMR), and the platelet-
lymphocyte ratio (PLR) indicate a systemic
inflammatory response!®. In addition, the pan-
immune inflammation value (PIV), which is
determined using neutrophil, platelet, monocyte, and
lymphocyte levels, has been investigated as a new
prognostic biomarker in various malignancies '1.

Biomarkers derived from the complete blood count
reflect systemic inflammation and have prognostic
and predictive value in diverse malignancies. Also,
they are easily accessible and inexpensive parameters.
The novelty of this study is that it is the first to
evaluate PIV in rectal cancer. We hypothesized
whether there is a relationship between NLR, PLR,
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LMR, PIV and pCR prediction in patients with locally
advanced rectal cancer receiving nCRT.

MATERIALS AND METHODS

Patients and study design

We performed a retrospective study. The data of
1100 patients diagnosed with rectal cancer in Adana
City Education and Research Hospital between 2012
and 2022 were screened. Of them, 205 patients who
received nCRT and met the eligilibity criteria were
included to the study. Patient information and data
were archived in the hospital database and patient
files. The Local Ethics Committee of Adana City
Education and Research Hospital approved the study
(approval number=2380, date=02.02.2023).

Patients over the age of 18, diagnosed with locally
advanced rectal cancer (stages 1I and III), receiving
standard neoadjuvant concurrent chemoradiotherapy
(nCRT), and patients who could be operated on
(curative surgery with RO resection) after neoadjuvant
therapy were included in the study. Patients with
secondary malignancies, patients under 18 years of
age, those with additional comorbidities (such as
rheumatological, immunological, and infectious
diseases), those who did not receive the treatment
completely, and those with conditions that may
impact systemic inflammatory markers such as active
infection, chronic inflammatory or autoimmune
disease, and steroid use were excluded from the
study.

The sample of the study was calculated using the
G*Power 3.1.9.2. program. Based on the effect size
of Karakaya et al's study titled "High Neutrophil-
Lymphocyte Ratio, Platelet-Lymphocyte Ratio and
Low Lymphocyte Levels Are Correlated With Worse
Pathological Complete Response Rates" conducted
in 202212, the medium effect size was accepted as 0.8
difference in our study. The alpha significance level
was calculated as 0.05, and the sample size in 95%
Power was calculated as a total of 205 patients, 163 in
Group 1 and 42 in Group 2.

Treatment regimen

All patients received a total dose of 45-50 Gray
radiotherapy in 25-28 fractions and simultaneous
capecitabine chemotherapy (orally 825 mg/m? twice
a day on radiotherapy days). Radiotherapy was
applied by the doctor in the radiation oncology
department of our hospital. After a recovery period
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of 6-8 weeks, surgery was performed by general
surgeons who are experts in oncology. All patients
received adjuvant chemotherapy arranged by the
oncologist. (modified FOLFOX 6= Oxaliplatin 85
mg/m? intravenous (IV), day 1, leucovorin 400
mg/m? IV day 1, 5-Fluorouracil 400 mg/m? IV bolus
on day 1, followed by 1200 mg/m?/day x 2 days (total
2400 mg/m? over 46-48 hours) continuous infusion.
Repeat every 2 weeks to a total of 6 months
petioperative therapy or CAPEOX Oxaliplatin 130
mg/m? IV day 1. Capecitabine 1000 mg/m? PO twice
daily for 14 days every 3 weeks. Repeat every 3 weeks
to a total of 6 months perioperative therapy.)

Patients’ data

Age, gender, preoperative stage, preoperative lymph
node status, surgery type, response status, and
complete blood count values (neutrophil, platelet,
monocyte, and lymphocyte counts) measured before
neoadjuvant therapy were recorded retrospectively.
Postoperative histopathological results were also
recorded. NLR was calculated by dividing the
neutrophil count by the lymphocyte count, PLR by
dividing the platelet count by the lymphocyte count,
and LMR by dividing the lymphocyte count by the
monocyte count, and PIV using the following
formula: neutrophil count x platelet count x
monocyte count / lymphocyte count.

Pathological evaluation

Staging was performed using the American Joint
Committee on Cancer (AJCC) staging manual (7%
edition). Tumor regression grades (TRG) were
determined according to AJCC (7% edition) as
follows: TRGO, no residual tumor cells; TRG1, single
cells or small groups of cells; TRG2, residual cancer
but predominant fibrosis behind; and TRG3,
minimal or no tumor response. The patients with
TRGO were included in the pCR group, and those
with TRG1, 2, and 3 were in the non-pCR group.

Statistical analysis

The Statistical Package for the Social Sciences v. 25.0
was used for the statistical analyses of the data.
Categorical measurements were summarized as
numbers and  percentages, and continuous
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measurements as mean and standard deviation

(median and minimum-maximum where
appropriate). The chi-square test was used to
compare patients' gender, preoperative stage,

preoperative lymph node number, operation type and
differences between groups. The shapiro-Wilk test
was used to determine whether the parameters in the
study showed normal distribution. The Mann
Whitney U test was used to examine the differences
between groups in non-normally distributed age,
neutrophil, platelet, lymphocyte, monocyte, NLR,
PLR, LMR and PIV wvalues. The sensitivity
(sensitivity) and specificity (specificity) values of the
NLR, PLR and PIV values of the patients included in
the study were calculated, and the cut-off value was
determined by examining the area under the ROC
curve. The statistical significance level was accepted
as 0.05 in all tests.

RESULTS

1100 rectal cancer patients were evaluated for this
study, and 205 patients who received nCRT and met
the study criteria were included in the sample (Figure
1). The mean age of the 205 patients with locally
advanced rectal cancer was 59.7 £ 13.0 years, and
40% were female. The preoperative stage was II in
22% and III in 78%. 42 (20.5%) of the patients were
pCR (+), and 163 (79.5%) were pCR (-) (Table 1).
Patients’ gender, age, preoperative stage, lymph node
number, surgery type, pCR status, neutrophil,
platelet, monocyte, and lymphocyte counts, NLR,
PLR, LMR, and PIV were in Table 1.

The neutrophil, platelet, NLR, PLR, and PIV values
of the patients in the pCR group were statistically
significantly lower than those of the non-pCR group.
The two groups were similar in terms of other
parameters (Table 2).

When the diagnostic test performances of the NLR,
PLR, and PIV values were examined, the area under
the cut-off values were determined to be 83.4%,
78.5%, and 90.4%, respectively (Figure 2).
Accordingly, PIV had the best diagnostic test
performance (Table 3).
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Table 1. Clinical characteristics of the patients
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n Yo

Gender
Male 123 60
Female 82 40
Preoperative stage
1I 45 22
111 160 78
Preoperative lymph node number
None 45 22
1 12 5.9
More than 1 148 72.2
Surgery type
APR 53 25.9
LAR 152 74.1
pCR status
Negative 163 79.5
Positive 42 20.5

Mean + SD Median (min-max)
Age 59.7 £13.0 61 (25-88)
Neutrophil 472 %16 4.5 (1.9-11.4)
Platelet 297.6 £ 89.5 299 (2.2-694)
Lymphocyte 1.65 £ 0.7 1.7 (0.3-3.8)
Monocyte 0.62 £ 0.2 0.6 (0.3-1.2)
NLR 3.00 £ 2.8 2.8 (0.84-22.67)
PLR 222.2 £ 152.8 176.6 (1.38-1190)
LMR 2.84+1.2 2.66 (0.58-6.33)
PIV 685.6 £ 693.9 491.4 (3.99-5940.4)

APR: abdominoperineal resection, LAR: low anterior resection, pCR: pathological complete response, NLR: neutrophil-lymphocyte ratio,
PLR: platelet-lymphocyte ratio, LMR: lymphocyte-monocyte ratio, PIV: pan-immune inflammation value, SD: standard deviation

1,100 rectal cancer patients between 2012 and 2022 were screened from the database of eur
hospital

EXCLUDED (n: 895)

* Discontinuation of necadjuvant

therapy for more than one week (n:

82)

«  Dose reduction in chematherapy or
radiotherapy (n:100)

*  Non-curative surgery (n:150)

«  Presence of rheumatological,
immunological, and infectious
diseases (n:83)

& Accompanying secondary
malignancy (n:5)

«  Use of drugs that may affect the
level of inflammatory markers
(n:95)

* Inability to reach complete blood
count in the system {n:380)

Total patients included in
( the study

(n:205)

Figure 1. Flow chart of number of patients
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Table 2. Comparison of the pCR and non-pCR groups in terms of demographic characteristics and

inflammation parameters

Non-pCR pCR p?

(n = 163) (n=42)
Gender, n (%)
Male 95 (58.3) 28 (66.7) 0.323
Female 68 (41.7) 14 (33.3)

Mean £ SD Mean £ SD pb

Age 59.6 + 13.1 60.3 £ 12.9 0.908
Neutrophil 515+ 1.5 3.05*038 <0.001*
Platelet 319.9 + 80.9 2109 + 65.4 <0.001*
Lymphocyte 1.63+ 0.7 1.73 £ 0.6 0.609
Monocyte 0.62 + 0.2 0.61 £0.2 0.905
NLR 4.03 £3.0 1.93+0.8 <0.001*
PLR 2447 £ 1612 134.8 £ 59.7 <0.001*
LMR 279£13 3.02£1.1 0.178
PIV 800.9 + 732.0 238.1 £ 1425 <0.001*

*p < 0.001, *Chi-square and Fisher’s exact tests, "Mann-Whitney U test

pCR: pathological complete response, NLR: neutrophil-lymphocyte ratio, PLR: platelet-lymphocyte ratio, LMR: lymphocyte-monocyte

ratio, PIV: pan-immune inflammation value, SD: standard deviation

Table 3. Diagnostic test performances of NLR, PLR, and PIV

NLR PLR PIV
AUC (95% CI) (%) 0.834 (0.776-0.882) 0.785 (0.722-0.839) 0.904 (0.856-0.941)
Cut-off <2.08 <1533 <331.2

Sensitivity (95% CI) (%)

73.81 (58-86.1)

73.81 (58-86.1)

88.1 (74.4-96)

Specificity (95% CI) (%)

82.21 (75.5-87.7)

71.78 (64.2-78.5)

83.44 (76.8-88.8)

PPV (95% CI) (%)

51.7 (42.3-60.9)

403 (33.2-47.7)

57.8 (48.8-66.3)

NPV (95% CI) (%)

92.4 (87.9-95.3)

91.4 (86.4-94.7)

96.5 (92.3-98.4)

<0.001*

<0.001*

<0.001*

*p < 0.001; receiver operating characteristic analysis

NLR: neutrophil-lymphocyte ratio, PLR: platelet-lymphocyte ratio, LMR:

value, AUC: area under the curve, CI: confidence interval

@
o
|

Sensitivity

0 20

40

80 80 100

100-Specificity

lymphocyte-monocyte ratio, PIV: pan-immune inflammation

Figure 2. Receiver operating characteristic curves of the diagnostic performance of NLR, PLR, and PIV
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DISCUSSION

The 5-year survival rate of patients with rectal cancer
varies between 25 and 53% according to the disease
stage!. Rectal cancer may respond to nCRT to
varying degrees, including pCR . An increased
inflaimmatory response causes a poot prognosis in
cancet. Their relationship with pCR has been studied
before, but they are still not used in clinical practice.
pCR is associated with a good clinical prognosis, so it
is important to identify biomarkers that can predict
patients who will achieve pCR. We investigated the
inflaimmatory markers NLR, PLR, LMR, and PIV in
patients with locally advanced rectal cancer who
received nCRT and subsequently underwent surgery,
followed by chemotherapy.

In our study, pCR was obtained in 20.5% of the 205
patients, which is consistent with the range reported
by the NSABP R-04 study (16-22%) 5. In patients
with rectal cancer (n=188) who underwent nCRT and
surgery, the NLR and PLR were found to be lower in
the pCR (+) group than in the pCR (-) group. The
authors stated that the systemic immune-
inflammation index (neutrophil
platelet/lymphocyte) might be an independent
predictive factor for pCR '>. Similar to our study,
Karakaya et al. determined that low NLR and PLR
levels were associated with high pCR among 227
patients with rectal cancer who received nCRT. NLR
and PLR were independent predictive markers for
pCR 2. In a retrospective study for rectal cancer
(n=176), NLR < 2.0 and PLR < 133.4 were
significantly associated with a good tumor response,
and patients with NLR < 2.0 had a significantly better
five-year DFS and overall survival (OS) rate
compared to those with NLR >2.0 1. In another
study, Ergen et al. found NLR and PLR to be
significant prognostic factors for OS and PLR for
DFS, according to the ROC analysis. The five-year
OS and DFS were found to be worse in the high PLR
group !7. Shen et al. reported that the baseline NLR
significantly predicted prognosis in terms of OS in
199 locally advanced RC patients. The multivariate
analysis of the same study revealed a cut-off value of
NLR = 2.8 as an independent factor of decreased OS.
The authors also noted that an increased baseline
NLR was a valuable and readily available prognostic
factor for OS, as was tumor response after
neoadjuvant therapy !8. On completion of our study,
we determined that the neutrophil, platelet, NLR, and

X

580

Cukurova Medical Journal

PLR of the pCR group were significantly lower than
those of the non-pCR group. NLR and PLR were
identified as inflammatory biomarkers that could be
used to predict pCR in these patients.

In a systematic review investigating the prognostic
significance of LMR and PLR in patients with rectal
cancer who received nCRT and curative surgery, a
lower LMR value was associated with worse DFS and
OS; however, PLR did not significantly predict DFS
or OS. The authors also noted that a low LMR was
inversely correlated with pCR, while no such
correlation was found in the analysis of a high PLR
19 Yamamoto showed the clinical significance of
pretreatment LMR in 111 rectal cancer patients who
received nCRT. The authors found that a low LMR
value indicated a poor prognosis in terms of both OS,
and DFS being determined as an independent
prognostic factor of OS and DFS in the multivariate
analysis 2. In contrast, no correlation was found
between LMR and OS and DFS in the univariate or
multivariate analysis in rectal cancer patients (n=543).
As a result, the authors concluded that LMR could
not predict the prognosis of rectal cancer without
metastasis 2!, In the current study, we could not find
any difference between the pCR and non-pCR
groups in terms of lymphocytes, monocytes and
LMR values. We consider that the narrow range of
the monocyte value may have led to non-significant
results in terms of LMR.

In the literature, PIV has been evaluated in patients
with CRC, breast cancer, and melanoma. In 130
patients with metastatic CRC, PIV was evaluated
before first-line standard chemotherapy. The
univariate and multivariate analyses showed that a
high baseline pan-immune inflimmation value was
associated with poor overall survival and DFS 22, In
an evaluation of six studies, an initially high PIV in
CRC was reported to result in poor OS and
progression-free survival 3. In another study, PIV
was significantly associated with treatment response
in breast cancer patients. The patients in the low PIV
group had better OS and DFS than those in the high
PIV group. It was concluded that pretreatment PIV
appeared to be a marker for pCR and survival,
outperforming NLR, LMR, and PLR in the
prediction of pCR among women with breast cancer
receiving neoadjuvant chemotherapy 24, In our study,
unlike previous studies on rectal cancer, we also
evaluated PIV. Our results revealed that PIV was
significantly lower in the pCR group than in the non-
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pPCR group (p < 0.001). Diagnostic test performances
of NLR, PLR, and PIV in ROC analysis, PIV had the
best diagnostic test performance with an AUC value
of 90.4% at a cut-off value of <331.2.

A single-centered, retrospective design and not being
performed in patients receiving total neoadjuvant
therapy are our study’s limitations. The number of
patients receiving total neoadjuvant therapy in our
hospital was insufficient for the study. A similar study
may be planned in the future for patients receiving
total neoadjuvant therapy.

In conclusion, in this study, NLR, PLR, and PIV were
determined as inflammatory parameters that could be
used to predict pCR in rectal cancer. PIV had the best
diagnostic test performance in the ROC analysis.
Subject to further studies, inflaimmatory parameters
can be introduced into clinical practice, and their use
in predicting pCR can replace guidelines. This study
also had certain advantages, such as the evaluation of
four inflammatory parameters based on real-life data
obtained from a sizable sample of patients.
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