
Abstract. Background: This study evaluated the efficacy of
haematological markers for predicting the pathological
complete regression (pCR) during and after neoadjuvant
chemoradiotherapy (CRT) in patients with locally advanced
rectal cancer (LARC). Patients and Methods: A total of 297
patients with LARC underwent neoadjuvant CRT followed by
surgical resection. Complete blood counts (CBCs) were
performed before CRT, 3 weeks after the start of CRT (intra-
therapy), and 4 weeks after CRT. Platelet-to-lymphocyte ratio
(PLR) and neutrophil-to-lymphocyte ratio (NLR) were
calculated using the serial CBC test. The ratio of change in
PLR (cPLR) and NLR (cNLR) was calculated as the increase
from the pre-therapy value to intra-therapy or post-therapy
value divided by the pre-therapy value. Chi-square and t-test
for univariate analysis and multivariate logistic regression
were performed to identify significant predictors for pCR.
Receiver operating characteristic (ROC) analysis was used
to compare predictive values. Results: The overall rate of
pCR was 15.9%. Pre-therapy high haemoglobin and low

NLR; intra-therapy high PLR, high NLR, high cPLR, and
high cNLR; and post-therapy low white blood cell count
(WBC), high haemoglobin, and high cPLR were significantly
associated with pCR. In multivariate logistic regression, pre-
therapy high haemoglobin [odds ratio (OR)=1.500,
p=0.016], high intra-therapy PLR (OR=1.006, p=0.011),
high intra-therapy cPLR (OR=4.948, p<0.001), and low post-
therapy WBC (OR=0.639, p=0.003) were significant
predictors for pCR. ROC analysis showed that high intra-
therapy cPLR was the most accurate predictor of pCR (area
under the curve=0.741). Conclusion: Changes of PLR during
neoadjuvant CRT for LARC are significant predictors of pCR.

Neoadjuvant chemoradiotherapy (CRT) followed by total
mesorectal excision (TME) has been widely used in patients
with locally advanced rectal cancer (LARC) (1). About 15-
20% of patients achieve pathological complete regression
(pCR) after neoadjuvant CRT (1, 2). Although TME
following neoadjuvant CRT exhibits good local control and
is known to cause a local recurrence rate of less than 10%
(2), radical surgery may pose significant risks of perioperative
morbidities (3). These findings led to the development of a
conservative approach for patients with LARC that showed
good response to CRT, such as local excision or a ‘watch-
and-wait’ approach deferring surgery (4). 

However, identification of complete remission after
neoadjuvant CRT is a major challenge with the conservative
approach (5). The current method for selection of patients
for this approach is based on the analysis of the degree of
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clinical regression using colonoscopy and imaging tools (4-
6). However, clinical complete regression shows insufficient
correlation with pCR. The discordance rate in the previous
reports of the ‘watch-and-wait’ approach was 8-15% of
patients (4, 6). Deferring surgery for these patients with false
clinical complete regression may have a significant risk of
tumour regrowth. The prediction and identification of
pathological regression after neoadjuvant CRT are mandatory
for oncological safety. 

The significant discordance rate of clinical regression may
be related to the risk of microscopic residual disease
undetected during preoperative evaluation. In recent years,
haematological markers have been studied as surrogates for
tumour burden and tumour–host interaction (7-10). Previous
studies have reported haematological markers such as the
neutrophil-to-lymphocyte ratio (NLR) and platelet-to-
lymphocyte ratio (PLR) as prognostic markers of disease
recurrence and survival outcomes (7-10). We hypothesise
that the evaluation of the haematological markers throughout
CRT may predict pCR after CRT. 

In the present study, we evaluated the application of
various haematological markers for the early prediction of
pCR after neoadjuvant CRT.

Patients and Methods
Patients. The present study was approved by the Institutional
Ethical Review Board of the Seoul National University Bundang
Hospital (IRB no. B-1807-478-106). The medical records of 331
patients with rectal cancer who underwent neoadjuvant CRT
followed by TME from January 2004 to August 2015 were
retrospectively reviewed. Inclusion criteria were as follows: (i)
Pathologically confirmed primary rectal cancer; (ii) clinical T3/T4
or node-positive cases diagnosed by imaging; (iii) neoadjuvant CRT
followed by total mesorectal resection; (iv) serial complete blood
count (CBC) examination throughout CRT; (v) immunologically
competent before and during CRT, including absolute neutrophil
count (ANC) >1,000/μl, white blood cell count (WBC) between
4,000 and 10,000×103/μl; (vi) negative for hepatitis B virus antigen,
anti-hepatitis C virus, anti-human immunodeficiency virus, and
venereal disease research laboratory results before CRT; and (vii)
no clinical evidence of acute or chronic infection or other
autoimmune disease or malignant disease primarily arising from
other organs. Total eligible patients meeting the inclusion criteria
were 297.

For all patients, the clinical workup included digital rectal
examination, routine laboratory tests such as CBC, liver/renal
function tests, serology, carcinoembryonic antigen (CEA) level, and
colonoscopic examination, including biopsy, computed tomography
(CT) evaluating the chest plus abdomen-pelvis, and rectal magnetic
resonance imaging (MRI). Eligible patients were pathologically
confirmed as having primary rectal cancer before neoadjuvant CRT. 

Following the diagnosis of rectal cancer, all 297 patients received
neoadjuvant concurrent CRT for rectal cancer. The radiation dose was
45 Gy, followed by a primary tumour boost of 5.4 Gy over a period
of 5.5 weeks. Patients were mainly treated with the combination
chemotherapy of intravenous bolus 5-fluorouracil/leucovorin (400/20

mg/m2 daily injection for 3 days on weeks 1 and 5) or capecitabine
(825 mg/m2) twice daily throughout the radiation period. Surgery was
performed 4-8 weeks after the end of CRT. Pathologists evaluated the
surgical specimens in order to estimate and grade the pathologic
response to CRT. pCR was defined as no residual cancer found in
histology. Pathological responses were categorised as per the Dworak
system (11). 

Data collection. CBC was performed for all patients throughout
CRT. Laboratory index values, including neutrophil counts,
lymphocyte counts, platelet counts, and CEA, were obtained for
each patient before CRT (pre-therapy), 3 weeks after the start day
of CRT (intra-therapy), and 4 weeks after CRT (post-therapy ).
Patients were staged according to the classification system of the
American Joint Committee on Cancer (7th edition) (12). NLR and
PLR were calculated as the ratio of the neutrophil count and of the
platelet count divided by the lymphocyte count, respectively. The
ratio of change in PLR (cPLR) and NLR (cNLR) was calculated
using the following formula: 

ratio of change in PLR=(post-therapy or intra-therapy PLR – pre-
therapy PLR)/pre-therapy PLR, and ratio of change in NLR=(post-
therapy or intra-therapy NLR – pre-therapy NLR)/pre-therapy NLR. 

Statistical analysis. Univariate analysis was performed with
Student’s t-test and Chi-square test for blood test variables,
histological features, and clinical features to find the significant
factors related to pCR. Multivariate analysis for predicting pCR was
conducted with logistic regression analysis. cPLR and cNLR were
included separately from the fixed values in the multivariate logistic
regression, owing to the possible issue of multiple collinearity. A
value of p<0.050 was considered statistically significant. To
compare the predictive power among the significant variables for
pCR, the area under the curve (AUC) value was calculated using
the receiver operating characteristics (ROC). The cut-off values
were determined at the maximum of Youden’s index and the
maximum of accuracy (13). An AUC value of >0.7 was considered
sufficient for accurate prediction. Analyses were performed using
SPSS version 18 (SPSS Inc., Chicago, IL, USA).

Results
Patient characteristics and haematologicaI profiles are
detailed in Tables I and II. The overall rate of pCR was
15.9%. Tumour down-staging after neoadjuvant CRT
occurred in 58.8% of patients. As per Dworak classification
of tumour regression grade, 49 (16.6%), 133 (44.9%), 67
(22.6%), and 47 (15.9%) patients were included in grade 1,
2, 3, and 4, respectively. 

The univariate analysis for pCR is shown in Table III. In
the univariate analysis, high pre-therapy haemoglobin (Hb),
low pre-therapy NLR, high  intra-therapy PLR, high intra-
therapy NLR, high intra-therapy cPLR, high intra-therapy
cNLR, low post-therapy WBC, high post-therapy Hb, and
high post-therapy cPLR were significantly associated with
pCR (p=0.005, 0.036, 0.001, 0.004, <0.001, <0.001, <0.001,
0.047, and 0.040, respectively). However, no statistical
difference between patients with pCR and no pCR was
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observed for various clinical factors such as age, Eastern
Cooperative Oncology Group performance status, sex,
distance from anal verge, clinical T and N stage, radiation

modality, and CEA. In multivariate logistic regression (Table
IV), high pre-therapy Hb (p=0.016), high intra-therapy PLR
(p=0.011), high intra-therapy cPLR (p<0.001), and low post-
therapy WBC (p=0.003) were independent and significant
predictors for pCR. 

To evaluate the most effective haematological marker for
pCR prediction, we compared ROC curves for four markers
that were found to be significant in the multivariate analysis.
Intra-therapy cPLR gave the highest AUC among pre-therapy
Hb, intra-therapy PLR, intra-therapy cPLR, and post-therapy
WBC (AUC: 0.630, 0.642, 0.741, and 0.661, respectively)
(Figure 1). The cut-off value at the maximum of Youden’s
index was 0.61 for intra-therapy cPLR. At a cut-off value of
0.61, sensitivity, specificity, accuracy, positive predictive
value (PPV), and negative predictive value (NPV) of intra-
therapy cPLR to predict pCR were 78.7%, 62.5%, 65.0%,
28.2%, and 94.0%, respectively. The maximum accuracy was
obtained at a cut-off value of 1.80; at 1.80, sensitivity,
specificity, accuracy, PPV, and NPV of intra-therapy cPLR
to predict pCR were 21.3%, 98.8%, 86.5%, 76.9% and
87.0%, respectively. 

Discussion

In the present study, we evaluated the possible role of
haematological markers as predictors of pCR. The prognostic
association between inflammation and cancer has been well
studied in various types of cancer [reviewed in (14)].
Furthermore, previous studies have reported the significant
relationship between inflammatory markers such as neutrophil
counts, NLR, and PLR and survival and prognosis of patients
with LARC (7-10). However, the data for the correlation
between tumour regression and inflammatory makers are
inconsistent and limited (10, 15, 16). Most previous studies
used only the pre- and post-treatment values, whereas the
present study screened the changes in these values as well as
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Table I. Patient characteristics.

Factor                                                   Subgroup                        Value

Gender, n (%)                                      Female                        89 (30.1)
                                                             Male                          207 (69.9)
Age, years                                            Mean (SD)                  61 (52-68)
ECOG PS, n (%)                                 <2                              266 (89.9)
                                                             ≥2                                30 (10.1)
Distance from anal verge, n (%)        >5 cm                        117 (39.5)
                                                             ≤5 cm                        179 (60.5)
CEA, n (%)                                          >5 ng/ml                   194 (65.3)
                                                             ≤5 ng/ml                   103 (34.7)
cStage, n (%)                                       1                                    5 (1.7)
                                                             2                                  39 (13.2)
                                                             3                                252 (85.1)
cT, n (%)                                              1                                    1 (0.3)
                                                             2                                  18 (6.1)
                                                             3                                249 (84.1)
                                                             4                                  28 (9.5)
cN, n (%)                                             0                                  44 (14.9)
                                                             1                                133 (44.9)
                                                             2                                119 (40.2)
Radiation modality, n (%)                   2D                             161 (54.4)
                                                             3D-conformal           135 (45.6)
Radiation dose, n (%)                          50.4 Gy                     295 (99.7)
                                                             55.8 Gy                         1 (0.3)
Chemotherapy, n (%)                          5-FU                            97 (32.8)
                                                             Capecitabine             193 (65.2)
                                                             Other                             6 ( 2.0)
Type of surgery, n (%)                        LAR                          264 (89.2)
                                                             APR                            32 (10.8)
Pathology, n (%)                                  Adenocarcinoma      288 (97.3)
                                                             Mucinous                     8 (2.7)
Resection margin, n (%)                     R0                              277 (93.6)
                                                             R1                                19 (6.4)
Down-staging, n (%)                           Yes                            174 (58.8)
                                                             No                             122 (41.2)
Tumour regression grade, n (%)         1                                  49 (16.6)
                                                             2                                133 (44.9)
                                                             3                                  67 (22.6)
                                                             4                                  47 (15.9)
ypT, n (%)                                            0                                  47 (15.9)
                                                             1                                  22 (7.4)
                                                             2                                  79 (26.7)
                                                             3                                145 (49.0)
                                                             4                                    3 (1.0)
ypN, n (%)                                           0                                198 (66.9)
                                                             1                                  77 (26.0)
                                                             2                                  21 (7.1)

SD: Standard deviation; CEA: carcinoembryonic antigen; LAR: low
anterior resection; APR: abdominoperineal resection; ECOG PS: Eastern
Cooperative Oncology Group performance status; ypT: post-
chemoradiotherapy pathologic T stage; ypN: post-chemoradiotherapy
pathologic N stage; 5-FU: 5-fluorouracil/leucovorin; cT: clinical T
stage; cN: clinical N stage.

Table II. Haematological profile of patients. 

                                                               Mean (range)

Variable                           Before                 During                    After
                                          CRT                     CRT                      CRT
                                                                   (3 weeks)              (4 weeks)

WBC, ×103/μl             6.7 (9.9-4)            4.7 (14-2)            5.3 (17-2.2)
Hb, g/dl                        14 (17-8.5)           13 (17-3.9)          13 (17-9.1)
Platelet, ×103/μl         269 (653-105)      196 (542-14)       237 (537-90)
PLR                            141 (554-59)        221 (810-23)       232 (672-68)
NLR                             2.1 (8.6-0.71)       3.5 (13-0.76)       3.5 (32-0.91)

PLR, Platelet to lymphocyte ratio; NLR, neutrophil to lymphocyte ratio;
WBC, white blood cell count; Hb, haemoglobin; CRT, chemoradiotherapy.



the intra-therapy values. The degree of tumour regression
represents the response to treatment and host–tumour reaction
during treatment (7, 17). Thus, it is a plausible hypothesis that
the change in these values may be a suitable surrogate for the
response and change in the disease during CRT. Therefore,
detailed analysis with serial evaluation is desirable in order to
assess the clinical value of inflammatory markers. 

In the present study, the degree of increase in intra-therapy
PLR was the most accurate predictor of pCR among the
haematological variables throughout CRT. Lee et al. reported
the statistical correlation between pCR and post-therapy cPLR
after CRT (10). However, in comparison with the previous
study, the present study used multivariate analysis and ROC
comparison for various haematological variables to determine
the most accurate predictor. Moreover, we excluded patients
with possibly confounding immunological factors, including
immunodeficiency, and those that missed blood testing at the
pre-determined time points. As a result, intra-therapy cPLR,
newly defined in the present study, was superior to post-
therapy cPLR and allowed for the early prediction of response
during CRT. In addition to the prediction of pCR with the
conservative approach, response assessment during CRT may
provide a chance for modification of the treatment strategy or
escalation of CRT intensity for non-responding patients (18).
To our knowledge, this is the first study to evaluate the
predictive value of haematological changes during CRT in
immunocompetent patients with LARC.

Positron-emission tomography with CT (PET-CT) and MRI
are the most actively studied approaches for pCR prediction
(19). Prediction with PET-CT and MRI before CRT showed
inconsistent correlation with pCR (19-21). PET-CT evaluation
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Table III. Univariate analysis.

Factor                                            pCR                     No pCR         p-Value
                                                    N=47                     N=250                 

Age, n (%)
  ≤60 Years                              25 (53.2%)            117 (46.8%)         0.420
  >61 Years                              22 (46.8%)            133 (53.2%)           
ECOG PS, n (%)
  <2                                          44 (93.6%)            223 (89.2%)         0.360
  ≥2                                            3 (6.4%)               27 (10.8%)            
Gender, n (%)
  Female                                  14 (29.8%)             74 (29.6%)          0.982
  Male                                      33 (70.2%)            176 (70.4%)           
Distance from anal 
verge, n (%)
  >5 cm                                    21 (44.7%)             97 (38.8%)          0.451
  ≤5 cm                                    26 (55.3%)            153 (61.2%)           
cT, n (%)
  T1-2                                       6 (12.8%)               13 (5.2%)           0.125
  T3                                          38 (80.9%)            212 (84.8%)           
  T4                                            3 (6.4%)               25 (10.0%)            
Clinical node 
positive, n (%)
  No                                         11 (23.4%)             33 (13.2%)          0.071
  Yes                                        36 (76.6%)            217 (86.8%)           
Radiation modality, 
n (%)
  2D                                         24 (51.1%)             137 (54.8%)          0.640
  3D-conformal                          23 (48.9%)             113 (45.2%)            
CEA, n (%)
  >5 ng/ml                                 33 (70.2%)             161 (64.4%)          0.440
  ≤5 ng/ml                                 14 (29.8%)              89 (35.6%)             
Before CRT                               Mean (SD)              Mean (SD)             
  WBC, ×103/μl                       6.772 (1.436)          6.701 (1.439)         0.760
  Hb, g/dl                                14.157 (1.665)        13.403 (1.669)        0.005
  Platelet count, ×103/μl      260.234 (63.979)    270.560 (76.269)      0.380
  PLR                                    121.934 (35.896)    144.227 (61.404)      0.067
  NLR                                      1.804 (0.710)          2.140 (1.046)         0.036
3 Weeks in CRT                                                                                         
  WBC, ×103/μl                       4.690 (1.677)          4.742 (1.404)         0.820
  Hb, g/dl                                13.183 (1.543)        12.856 (1.581)        0.193
  Platelet count, ×103/μl      194.128 (50.321)    196.181 (64.083)      0.840
  PLR                                   266.654 (128.116)  212.325 (101.988)     0.001
  NLR                                      4.155 (2.157)          3.319 (1.761)         0.004
  Change in PLR                    1.270 (1.105)          0.530 (0.569)       <0.001
  Change in NLR                    1.527 (1.407)          0.742 (0.973)       <0.001
4 Weeks after CRT                                                                                     
  WBC, ×103/μl                       4.420 (1.153)          5.419 (1.917)      <0.001
  Hb, g/dl                             13.506 (1.433)       13.052 (1.429)       0.047
  Platelet count, ×103/μl    221.085 (42.480)   240.260 (72.836)     0.081
  PLR                                  224.651 (71.373)  233.611 (105.639)    0.580
  NLR                                    2.816 (1.156)         3.595 (2.676)        0.051
  Change in PLR                  0.958 (0.736)         0.725 (0.705)        0.040
  Change in NLR                  0.730 (0.839)         0.901 (1.524)        0.452

CEA: Carcinoembryonic antigen; cT: clinical T stage; PLR: platelet to
lymphocyte ratio; NLR: neutrophil to lymphocyte ratio; WBC: white
blood cell count; Hb: haemoglobin; CRT: chemoradiotherapy; ECOG
PS: Eastern Cooperative Oncology Group performance status; pCR:
pathological complete regression. Change in PLR or NLR were
calculated using the following formula: (post- or intra-therapy value –
pre-therapy value)/pre-therapy value.

Table IV. Multivariate logistic regression for pathological complete
regression. 

Factor                                               Odds ratio* (95% CI)          p-Value

Hb before CRT, g/dl                         1.500 (1.080-2.084)             0.016
NLR before CRT                              0.636 (0.387-1.045)             0.074
PLR during CRT                              1.006 (1.001-1.010)             0.011
NLR during CRT                              1.188 (0.928-1.523)             0.172
WBC after CRT, ×103/μl                 0.639 (0.474-0.862)             0.003
Hb after CRT, g/dl                            1.081 (0.759-1.540)             0.667
Change of PLR during CRT            4.948 (2.074-11.810)         <0.001
Change of NLR during CRT           0.923 (0.579-1.471)             0.736
Change of PLR after CRT               0.707 (0.395-1.264)             0.242

PLR, Platelet to lymphocyte ratio; NLR, neutrophil to lymphocyte ratio;
WBC, white blood cell count; Hb, haemoglobin; CRT,
chemoradiotherapy; CI, confidence interval. *Odds ratio represents the
incremental odds of pathological complete regression prediction for
every unit increase of the factors. Changes of PLR or NLR were
calculated using the following formula: (post- or intra-therapy value –
pre-therapy value)/pre-therapy value.



during CRT seems more promising, as evident from an accuracy
of 82-95% (22, 23). However, the high cost and effort of serial
imaging with PET-CT throughout CRT would limit the sample
size necessary to define the protocol and cut-off value as well
as clinical availability. In the present study, the large sample size
of immunocompetent patients showed comparable predictive
power and resulted in the high accuracy of ROC analysis
(86.5%) and high NPV (94.0%) at maximum Youden’s index.
The major concern raised by conservative approaches, such as
omitting surgery is under-treating patients with false complete
regression (1, 5). Clinical availability and high NPV of intra-
therapy cPLR may be a valuable option to ensure oncological
safety during the deintensification of treatment.

However, several limitations need to be addressed while
using inflammatory markers for the prediction of pCR in
clinics. Firstly, a detailed protocol should be established to
unify sampling time points and methods. Although the
present study used the tri-sampling method (pre-therapy,
intra-therapy, and post-therapy), the most sensitive sampling
during CRT to predict pCR could not be specified. Secondly,
ensuring the quality of clinical laboratory practice is
important to ensure consistent results among the studies (24).
Thirdly, more direct evaluation of the host–tumour response
may be obtained with circulating tumour cell or DNA,
tumour-infiltrating lymphocytes, and molecular profiling of

peripheral lymphocytes (25, 26), although the clinical
availability of the CBC test is superior. Taken together, a
prospective study overcoming these limitations is desirable
in order to establish the standard of application using
haematological markers. 

In conclusion, the present study suggests that the change
in PLR during neoadjuvant CRT may be used as a predictive
marker for pCR in patients with LARC.
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