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Abstract
Aims To investigate pretreatment platelet and neutrophil counts as well as a combined platelet-neutrophil (PN) index for
prognostic information in patients with rectal adenocarcinoma that received neoadjuvant treatment.
Patients and Methods Charts from 164 patients with localized rectal adenocarcinoma were retrospectively reviewed, and 112
patients with complete data were included in the study. Patients were stratified in groups according to their neutrophil counts,
platelet counts, and a combined platelet/neutrophil (PN) index. Baseline parameters of the groups were compared using the x2

test. Pathologic responses on the surgical specimen of patients with lower platelet counts (≤ 350 × 109/L), lower neutrophil counts
(≤ 7.5 × 109/L), and a lower PN index were compared with those of patients with higher platelet counts (> 350 × 109/L), higher
neutrophil counts (> 7.5 × 109/L), and a higher PN index using the x2 test. Kaplan-Meier curves of overall and progression free
survival were constructed and compared with the log-rank test.
Results A total of 33 (29.5%) patients belonged to the high-PN index group, and 79 (70.9%) patients belonged to the low-PN
index group. A significant difference was present between the two groups with regard to pathologic response. Patients with both
high platelet and high neutrophil counts were less likely to have a complete pathologic response than those in the low-PN index
group (P = 0.039). Additionally, tumor location and tumor stage were significantly associated with complete pathologic response
to neoadjuvant treatment. Patients with a complete response were more likely to present with a low tumor (≤ 5 cm from the anal
verge). Likewise, patients diagnosed with stage II disease were more likely to experience complete response than those diagnosed
with stage III (x2 test P = 0.016). There was no significant difference in overall and progression free survival between the two
platelet groups (log-rank P = 0.73 and 0.40, respectively) and the two PN index groups (log-rank P = 0.92 and 0.43, respectively).
Conclusion In this retrospective analysis, the combination of higher platelet and neutrophil counts at the time of diagnosis had
predictive value with respect to complete pathologic response to neoadjuvant treatment in locally advanced rectal cancer.
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Introduction

The tumor microenvironment is recognized as a key contributor
to tumor progression andmetastasis. Tumor cell interactions with
endothelial cells, pericytes, fibroblasts, platelets, and immune

cells shape the tumor microenvironment. In addition, in the cir-
culation, platelets interactions have been found to protect cancer
cells from shear stress and immune surveillance, to facilitate
cancer cell adherence to endothelial cells, and to promote vascu-
lar integrity [1]. As a result, thrombocytosis is often associated
with cancer, as the cytokines that stimulate thrombopoiesis are
elevated in the circulation of some cancer patients.

Besides thrombocytosis, which has been found to be an
adverse prognostic factor in many common cancers, neutro-
phil counts have also been studied for pro-tumorigenic effects
[2]. Many studies have documented the platelet to lymphocyte
and/or neutrophil to lymphocyte ratios (PLR and NLR, re-
spectively) for use as prognostic tools owning to the fact that
platelets and neutrophils have been found to be pro-tumori-
genic, while lymphocytes may be protective against tumor
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growth [3]. However other studies have not confirmed circu-
lating blood cells as predictive markers [4]. Given that these
markers are readily available and inexpensive, their value as
prognostic factors deserves further investigation.

Despite recent reductions in disease incidence and mortality
rates related to screening and treatment progress, colorectal
cancer (CRC) remains the third most commonly diagnosed
malignancy and the fourth leading cause of cancer-related
deaths in the world [5]. The global burden of CRC is expected
to increase by 60% to more than 2.2 million new cases and 1.1
million deaths by 2030 [6]. Among CRC, the treatment of
localized rectal cancer is particular in that neo-adjuvant combi-
nation chemoradiotherapy is the standard of care. The therapeu-
tic benefits of preoperative (neoadjuvant) chemoradiotherapy in
rectal cancer include disease down-staging and improved local
control [7]. The use of prognostic factors including pathologic
stage, positive surgical margins, and pretreatment elevated
carcinoembryonic antigen (CEA) aids in predicting which in-
dividual patients will respond better to therapy. However, the
ability of these markers to predict outcomes is imperfect. For
this reason, it is necessary to discover additional accurate and
reliable biomarkers for predicting response to treatment of rec-
tal adenocarcinomas. The purpose of this study was therefore,
to evaluate pretreatment platelet and neutrophil counts individ-
ually as well as a combined platelet-neutrophil index (PN in-
dex) and their relationship to pathologic response to neoadju-
vant therapy in patients with localized rectal adenocarcinoma.
The study also investigated overall survival (OS) and progres-
sion free survival (PFS) with respect to pathologic response to
treatment and hematologic markers.

Patients and Methods

Charts from 164 patients treated for localized rectal cancer
between 2011 and 2017 in two cancer programs were retro-
spectively reviewed. Inclusion criteria were a localized rectal
cancer diagnosis, treatment with neoadjuvant therapy, and
complete follow-up. Follow-up was considered complete if
the patient was followed until death or seen within the last
6 months of data collection. Of these 164 patients, 112 patients
had localized disease at diagnosis and received neoadjuvant
therapy with complete follow-up and were therefore, included
in the analyses.

Baseline characteristics including age, sex, tumor location
(distance from the anal verge; high defined as > 5 cm and low
defined as ≤ 5 cm), clinical presentation (bowel obstruction,
perforation, or a change in bowel habits considered as a high-
risk presentation and diagnosis with screening or bleeding/
anemia classified as low-risk presentation), Eastern
Cooperative Oncology Group (ECOG) performance status
(PS), clinical stage, blood hematologic, and biochemical
markers [carcinoembryonic antigen (CEA), lactate

dehydrogenase (LDH), albumin, platelets, neutrophils, and
lymphocytes] at diagnosis and at surgery were extracted.
Other data recorded consisted of the time interval from the
end of neoadjuvant treatment to surgery in days (interval to
surgery, IS), pathologic response, date of disease progression,
date of death, or date of last follow-up.

Patients were classified into high and low groups according
to their platelets and neutrophil counts at diagnosis.
Thresholds used for platelets were ≤ 350 × 109/L versus >
350 × 109/L, while the thresholds for neutrophils were ≤
7.5 × 109/L versus > 7.5 × 109/L. The platelet-neutrophil
(PN) index was then established by creating high and low
strata of pretreatment platelet and neutrophil counts. The
high-PN index group was defined as having at least one of
the pretreatment platelet or neutrophil counts above their re-
spective thresholds. Conversely, the low group was defined as
having both pretreatment platelet and neutrophil counts below
their thresholds. Baseline characteristics for the two groups
were compared and tested for significance using the x2 test.

Pathologic response to neoadjuvant therapy was catego-
rized as either complete or incomplete (the latter including
both patients with partial and no pathologic response). The
baseline characteristics of the two pathologic response groups
were compared and tested for significance using the x2

test.The significant variables were then included in the multi-
variate analysis using logistic regression to determine which
variables retained independent significance. Two multivariate
models were performed including the significant variables
from the univariate analysis: the first including the PN index
and the second using the individual platelets and neutrophil
counts (with the same thresholds) separately.

Progression-free survival (PFS) was calculated from the date
of diagnosis to the date of disease progression. Overall survival
(OS) was evaluated from the date of diagnosis to death. Both
variables were censored at the date of last contact without pro-
gression or death for PFS and OS, respectively. Kaplan-Meier
curves of PFS and OS were constructed and the log-rank test
was employed to compare the outcomes between the two
groups of each of the following: high and low levels of platelets
at diagnosis, neutrophils at diagnosis, PN index, and complete
pathologic response versus no complete response.

For all statistical tests, the p value was considered signifi-
cant at a level of < 0.05. Data analysis was completed using
Microsoft Excel and statistical calculations were completed
using non-commercial online tools available from http://
www.statpages.org/.

Results

The median age of the patients in the series was 61 years old.
Of the 112 patients, 72 patients (64.3%) were 65 years old or
younger, and 40 patients (35.7%) were older than 65 years old
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(Table 1). Seventy patients (62.5%) in the series were male,
and 42 patients (37.5%) were female. Twenty-seven patients
(24.1%) were in the high-platelet group at diagnosis (> 350 ×
109/L), and 85 patients (75.9%) were in the low-platelet group
(≤ 350 × 109/L) (Table 1). Thirty-three patients (29.5%) had a
high-PN index (either or both platelets and neutrophils >
350 × 109/L and 7.5 × 109/L respectively), and 79 patients
(70.5%) were in the low-PN index group (both platelets and
neutrophils ≤ 350 × 109/L and ≤ 7.5 × 109/L respectively)
(Table 2). There were no significant differences between
groups in the platelet strata regarding age (above or below
65 years old), gender, high-risk clinical presentation, tumor
location (high or low in the rectum), CEA, and stage
(Table 1). Similarly, there were no significant differences in
these parameters between the high- and low-PN index groups
(Table 2).

Twenty-seven patients (24.1%) were found to have a com-
plete pathologic response at surgery, while 85 (75.9%) had an
incomplete pathologic response (Table 3). In the univariate
analysis for possible associations with complete or lack of
complete pathologic response, platelets and neutrophils and
their composite represented by the PN index showed a signif-
icant correlation. Among patients with high pretreatment
platelet counts (> 350 × 109/L), two patients (7.4%) obtained
a complete pathologic response at surgery, whereas 25 pa-
tients (92.6%) did not (Table 3). From the patients with low
platelets (≤ 350 × 109/L) at diagnosis, 25 patients (29.4%) and
60 (70.6%) experienced complete and incomplete responses at
surgery, respectively (x2 test P = 0.02). Additionally, of the 18
patients in the high pretreatment neutrophil group, one patient
(5.6%) responded completely to treatment, while 17 patients
(94.4%) did not. Twenty-six patients (27.7%) from the low-
neutrophil group had a complete pathologic response, whereas
68 patients (72.3%) did not (P = 0.045). Regarding the PN

index, 33 patients (29.5%) belonged to the high-PN index
group, while 79 patients (70.5%) were in the low-PN index
group. Among the high-PN index patients, three patients
(9.1%) experienced complete pathologic response at surgery,
while 30 patients (90.9%) obtained less than a complete re-
sponse. Among those in the low-PN Index, 24 patients
(30.4%) experienced a complete pathologic response, and 55
patients (69.6%) had an incomplete response (P = 0.016).

In addition to the platelet and neutrophil counts and the
combined PN index, tumor location and tumor stage were
significantly associated with complete pathologic response
to neoadjuvant treatment. Eleven of 66 patients (16.7%) pre-
senting with a high-rectal adenocarcinoma (> 5 cm from the
anal verge) experienced a complete response to treatment
while 16 of 46 patients (34.8%) with a low tumor (≤ 5 cm
from the anal verge) responded completely to treatment (x2 test
P = 0.027). Likewise, 18 of 52 patients (34.6%) diagnosed
with stage II disease and 9 of 60 (15.0%) patients with stage
III disease experienced complete response (x2 test P = 0.016).
In contrast, age above 65 years old, gender, and high-risk
clinical presentation were not significantly associated with
complete pathologic response (Table 3).

The multivariate model that included all the aforemen-
tioned significant variables from the univariate analysis con-
firmed statistical significance of stage and PN index (0.035
and 0.039, respectively). However, tumor location was bor-
derline non-significant (P= 0.052), and both platelet and neu-
trophil counts at diagnosis did not retain significance in the
multivariate analysis (Tables 4 and 5).

In the survival analysis of the 112-patient cohort, 27 pa-
tients had died with a median overall survival (OS) of
30.6 months, while 85 patients were alive at last follow-up
with a mean follow-up time of 46.3 months. Regarding the
PFS of the cohort, 32 patients suffered progression of disease

Table 1 Baseline characteristics
of all patients in the series and
comparison of the groups with
lower (≤ 350 × 109/L) and higher
(> 350 × 109/L) platelet (PLT)
counts

Category All patients PLT > 350 PLT ≤ 350 χ2 P value

Age > 65 40 (35.7%) 11 (40.7%) 29 (34.1%) 0.391 0.532

≤ 65 72 (64.3%) 16 (59.3%) 56 (65.9%)

Sex Male 70 (62.5%) 16 (59.3%) 54 (63.5%) 0.159 0.69

Female 42 (37.5%) 11 (40.7%) 31 (36.5%)

Clinical presentation High risk 42 (37.5%) 11 (40.7%) 31 (36.5%) 0.159 0.69

Low risk 70 (62.5%) 16 (59.3%) 54 (63.5%)

Tumor location High 66 (58.9%) 19 (70.4%) 47 (55.3%) 1.924 0.165

Low 46 (41.1%) 8 (29.6%) 38 (44.7%)

CEA (n = 104) > 5 μg/L 43 (41.3%) 13 (48.1%) 30 (39.0%) 0.696 0.404

≤ 5 μg/L 61 (58.7%) 14 (51.9%) 47 (61.0%)

Stage II 52 (46.4%) 11 (40.7%) 41 (31.8%) 0.463 0.496

III 60 (53.6%) 16 (59.3%) 44 (34.1%)

Neutrophils at diagnosis > 7500 × 109/L 18 (24.1%) 12 (44.4%) 6 (7.1%) 21.23 0.000

≤ 7500 × 109/L 94 (75.9%) 15 (55.6%) 79 (92.9%)
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at a mean of 22.3 months, while 80 patients who did not
progress had a median follow-up of 41.9 months. The
Kaplan-Meier survival analysis disclosed no significant dif-
ferences for PFS or OS regarding the high and low platelet
groups (log-rank P = 0.40 and 0.73, respectively). The same
was observed for the high- and low-PN index groups (log-
rank P = 0.43 and 0.92, respectively). The PFS of patients
with a complete response was significantly better than that
of patients with incomplete response (log-rank P = 0.022)
(Fig. 1). This did not hold true for OS which was not statisti-
cally different (P = 0.1).

Discussion

Accurate and effective serum biomarkers to predict patients’
response to neoadjuvant treatment of rectal cancer could po-
tentially improve both quality of care and survival by way of
tailoring intensity of treatment to specific subsets of patients
according to disease risk. This risk stratification may well be
paramount in the initial treatment decisions. For patients un-
likely to respond to neoadjuvant therapy, serum biomarkers
could provide the opportunity for consideration of alternative
treatment strategies. Similarly, but on the other end of the

Table 2 Baseline characteristics
of all patients in the series and
comparison of the groups with
lower PN index (both platelets
and neutrophils (≤ 350 × 109/L
and ≤ 7.5 × 109/L, respectively)
and higher PN index (either or
both platelets and neutrophils, >
350 × 109/L and > 7.5 × 109/L,
respectively)

Category All patients High PN index Low PN index χ2 P value

Age > 65 40 (35.7%) 14 (42.4%) 26 (32.9%) 0.917 0.338

≤ 65 72 (64.3%) 19 (57.6%) 53 (67.1%)

Sex Male 70 (62.5%) 22 (66.7%) 48 (36.4%) 0.346 0.556

Female 42 (37.5%) 11 (33.3%) 31 (28.2%)

Clinical presentation High risk 42 (37.5%) 13 (39.4%) 29 (36.7%) 0.0716 0.789

Low risk 70 (62.5%) 20 (60.6%) 50 (63.3%)

Tumor location High 66 (58.9%) 21 (63.6%) 45 (57.0%) 0.438 0.513

Low 46 (41.1%) 12 (36.4%) 34 (43.0%)

CEA (n = 104) > 5 μg/L 43 (41.3%) 16 (48.5%) 27 (38.0%) 1.016 0.314

≤ 5 μg/L 61 (58.7%) 17 (51.5%) 44 (62.0%)

Stage II 52 (46.4%) 13 (39.4%) 39 (49.4%) 0.9308 0.335

III 60 (53.6%) 20 (60.6%) 40 (50.6%)

Table 3 Comparison of patient
characteristics of according to
their pathologic response at
surgery (n = 112). Incomplete
response includes both partial and
no response

Category Total Complete Incomplete
response

χ2 P value

Age > 65 40 (35.7%) 12 (44.4%) 28 (32.9%) 1.181 0.277

≤ 65 72 (64.3%) 15 (55.6%) 57 (67.1%)

Sex M 70 (62.5%) 18 (66.7%) 52 (61.2%) 0.2635 0.608

F 42 (37.5%) 9 (33.3%) 33 (38.8%)

Clinical presentation High risk 42 (37.5%) 7 (25.9%) 35 (41.2%) 2.033 0.154

Low risk 70 (62.5%) 20 (74.1%) 50 (58.8%)

Tumor location High 66 (58.9%) 11 (40.7%) 55 (64.7%) 4.862 0.027

Low 46 (41.1%) 16 (59.3%) 30 (35.3%)

CEA (n = 104) > 5 μg/L 43 (41.3%) 8 (33.3%) 35 (43.8%) 1.371 0.363

≤ 5 μg/L 61 (58.7%) 16 (66.7%) 45 (56.3%)

Stage II 52 (46.4%) 18 (66.7%) 34 (40.0%) 5.858 0.016

III 60 (53.6%) 9 (33.3%) 51 (60.0%)

Platelets at diagnosis > 350 × 109/L 27 (24.1%) 2 (7.4%) 25 (29.4%) 5.423 0.02

≤ 350 × 109/L 85 (75.9%) 25 (92.6%) 60 (70.6%)

Neutrophils at diagnosis > 7500 × 109/L 18 (16.1%) 1 (3.7%) 17 (20.0%) 4.035 0.045

≤ 7500 × 109/L 94 (83.9%) 26 (96.3%) 68 (80.0%)

PN index High 33 (29.5%) 3 (11.1%) 30 (35.3%) 5.766 0.016

Low 79 (70.5%) 24 (88.9%) 55 (64.7%)
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spectrum, for patients likely to respond to neoadjuvant thera-
py, an accurate prediction may help select patients for non-
operative programs that spare patients from life-altering
abdominoperineal resection.

A recent meta-analysis of predictive factors for pathologic
response to neoadjuvant chemoradiation in rectal cancer con-
cluded that at present there is a lack of robust clinical or ra-
diologic biomarkers for such a response [8]. Molecular profil-
ing may become a promising tool in the future. However, it is
currently unavailable in most practices. The need for identifi-
cation of novel practical and accurate predictive biomarkers
for neoadjuvant chemoradiation in rectal cancer thus remains.

Various circulating blood cell counts including, neutro-
phils, lymphocytes, platelets as well as the combinations of
them have been investigated as prognostic factors in cancer.
These circulating blood cells may be involved in the immune
response in rectal and other cancer patients. In fact they are
known as incoming contributors of the internal tumor micro-
environment [9].

Neutrophils have a dual role in malignancy [10, 11].
Tumor-suppressing effects may be derived from production
of cytokines and chemokines with antitumoral effects as well
as various protein-degrading enzymes. However, several
mechanisms relate neutrophils to cancer promotion. Among
them is the production of a non-specific inflammatory envi-
ronment in tumors which favors pro-tumorigenic signaling
pathways [12]. Neutrophils are also the source of neutrophil
extracellular traps, networks of neutrophil-derived DNA ex-
pelled in the circulation. While these have a physiologic role
in combatting microbial infections, they have also been

observed in some cancers and may be associated with worse
prognosis [13]. Concurring with these pro-tumorigenic effects
of neutrophils, several studies associate neutrophilia with
more aggressive and more advanced cancers [14].

Platelets also have an active role in tumor promotion.
Platelets entering the tumor microenvironment may exchange
information with tumor cells and become so called tumor-
educated platelets (TEPs). TEPs have been observed in the
serum of patients with various cancers and DNA derived from
them could be used to discriminate between patients with
cancers and healthy controls with high accuracy [15].
Platelets have been shown to induce changes involving loss
of adhesion proteins such as E-cadherin that ultimately aid in
neoplastic cells acquiring a trans-differentiated phenotype
called epithelial-mesenchymal transition (EMT) [16].
Furthermore, platelets contain alpha and dense granules that
secrete growth factors such as transforming growth factor-beta
(TGF-ß), epithelial growth factor (EGF), platelet-derived
growth factor (PDGF), and hepatocyte growth factor (HGF),
among others. These growth factors have been shown to con-
tribute to the onset of EMT and activate signaling pathways
enabling cancer capabilities and therefore, promote
malignancy.

Platelets’ role in vascular integrity inadvertently supports a
vascular network to tumor growth and potential metastasis.
Factors contained within platelet granules including vascular
endothelial growth factor (VEGF), platelet factor-4 (PF-4),
and interleukin-6 (IL-6) may be delivered to tumor cells to
enhance angiogenesis. IL-6 plays an additional role in induc-
ing liver thrombopoietin [17]. More importantly, it is this ef-
fect that leads to the thrombocytosis often associated with
solid cancers. In gastrointestinal cancers (including colorectal
carcinoma), IL-6 is typically measured at higher levels when
compared to controls and may be involved in chemotherapy
response [18].

Both neutrophil and platelet levels have been the subject of
research on prediction of survival outcomes in rectal cancer.
For example, in a study done by investigators at the University
of Tokyo, hematologic data for patients with advanced rectal
cancer were examined at various time points before, during,
and after neoadjuvant treatment. These included markers such
as hemoglobin, white blood cells with their subpopulations,
and platelets [19]. Similar to our study, the aim of that study
was to establish serum-predictive biomarkers for treatment
response. It found that lymphocytes and neutrophils showed
opposing associations with tumor response while platelets
showed no predictive association. Specifically, in cases with
complete response, neutrophil counts were lowwhile lympho-
cyte counts tended to be higher.

We recently reported that a ratio of neutrophils times plate-
lets divided by the lymphocytes count was predictive of sur-
vival in patients with metastatic colorectal cancer [20]. Others
have reported that the main value of the neutrophil to

Table 5 Logistic regression analysis of pathologic response (complete
vs incomplete response) with the tumor location (> 5 cm vs ≤ 5 cm from
anal verge), stage (2 vs 3), and PN index [lower PN index (both platelets
and neutrophils ≤ 350 × 109/L and ≤ 7.5 × 109/L, respectively) vs higher
PN index (both or either platelets and neutrophils > 350 × 109/L and >
7.5 × 109/L, respectively)] as variables

Category HR 95% CI P value

Tumor location 2.52 0.99–6.4 0.052

Stage 2.76 1.07–7.15 0.0355

PN index 3.96 1.06–14.71 0.0394

Table 4 Logistic regression analysis of pathologic response (complete
vs incomplete response) with tumor location (> 5 cm vs ≤ 5 cm from anal
verge), stage (II vs III), platelet level (> 350 × 109/L vs ≤ 350 × 109/L),
and neutrophil level (> 7.5 × 109/L vs ≤ 7.5 × 109/L) as variables

Category HR 95% CI P value

Tumor location 2.55 0.98–6.59 0.0529

Stage 2.63 1.01–6.84 0.0476

Platelets at diagnosis 3.14 0.62–15.73 0.1631

Neutrophils at diagnosis 4.1 0.45–37.68 0.2054
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lymphocyte ratio in cancer prognostication derives from neu-
trophils, while lymphocytes had little contribution [21]. In a
study of these peripheral blood elements, Watt et al. reported
that Neutrophil Platelet Score (NPS), calculated similarly to
our index but with a different cutoff for platelets at 400 × 109/
L, was prognostic for survival outcomes in operable colorectal
cancer patients [22].

The findings among recent studies do seem to suggest ad-
verse prognostic association between thrombocytosis,
neutrophilia, and cancer. These findings are supplemented
by preclinical data in mice supporting a synergism between
neutrophils and activated platelets in extravasation into in-
flamed tissues [23]. Thus, further analysis of baseline platelet
and neutrophil counts in cancer treatment response has a
strong rationale and could improve on the predictive value
of currently available markers.

In our current study, we aimed to further understand the pre-
dictive value of platelets and neutrophils in locally advanced
rectal cancer treated with neoadjuvant therapy. We also investi-
gated associations between isolated and combined (PN index)
pretreatment thrombocytosis and neutrophilia and the effective-
ness of neoadjuvant therapy in a series of 112 patients. We con-
sidered the relationship between pathologic response and both
overall and progression free survival. A significant difference
was found regarding the PN index wherein, patients with either
or both high platelet and high neutrophil counts were less likely
to have a complete pathologic response than those in the low-PN
index group (P = 0.039). In keeping with the literature that re-
ports pathologic stage as a main prognostic factor and treatment
response determinant, we also found tumor stage to be signifi-
cant for treatment response. Patients diagnosed with earlier stage
disease weremore likely to respond completely to treatment than
those diagnosed with stage III disease (P = 0.035). Although
pretreatment neutrophils, platelets, and their composite repre-
sented by the PN index were not associated with survival out-
comes, PFS was significantly longer in patients with a complete
pathologic response to neoadjuvant treatment than their counter-
parts with incomplete response (log-rank test P = 0.0221).

Limitations of the current study include its retrospective
nature and relatively small patient population. Patients were
registered from only two centers, and it remains unknown
whether results are more generalizable in other populations.
In addition, platelet and neutrophil counts may be influenced
by several other factors beyond the tumor microenvironment
and its cytokine effects, such as bone marrow cell production
and survival of blood cells in the circulation. Another limita-
tion of this study and other studies of retrospective nature is
that they do not inform on subtypes of circulating cells that
could have discordant influences on cancer progression.

Nonetheless, our study shows that the combination of
higher platelet and neutrophil counts at the time of diagnosis
has predictive value with respect to treatment response in lo-
calized rectal cancer. Provided that further analyses with ad-
ditional and larger patient populations are obtained, it is pos-
sible that the combination of platelet and neutrophil counts as
a PN index may become a useful, inexpensive, and pragmatic
approach to treatment response prediction.
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