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A B S T R A C T   

Purpose: Prediction of clinical complete response in rectal cancer before neoadjuvant chemo-radiotherapy 
treatment enables treatment selection. Patients predicted to have complete response could have chemo- 
radiotherapy, and others could have additional doublet chemotherapy at this stage of their treatment to 
improve their overall outcome. This work investigates the role of clinical variables in predicting clinical complete 
response. 
Method: Using the UK-based OnCoRe database (2008 to 2019), we performed a propensity-score matched study 
of 322 patients who received neoadjuvant chemoradiotherapy. We collected pre-treatment clinic-pathological, 
inflammatory and radiotherapy-related characteristics. We determined the odds for the occurrence of cCR using 
conditional logistic regression models. We derived the post-model Area under the Curve (AUC) as an indicator of 
discrimination performance and stated a priori that an AUC of 0.75 or greater was required for potential clinical 
utility. 
Results: Pre-treatment tumour diameter, mrT-stage, haemoglobin, alkaline phosphate and total radiotherapy 
depths were associated with cCR on univariable and multivariable analysis. Additionally, neutrophil to 
lymphocyte ratio (NLR), neutrophil-monocyte to lymphocyte ratio (NMLR), lymphocyte count and albumin were 
all significantly associated with cCR on multivariable analysis. A nomogram using the above parameters was 
developed with a resulting ROC AUC of 0.75. 
Conclusion: We identified routine clinic-pathological, inflammatory and radiotherapy-related variables which are 
independently associated with cCR. A nomogram was developed to predict cCR. The performance characteristics 
from this model were on the prior clinical utility threshold. Additional research is required to develop more 
associated variables to better select patients with rectal cancer undergoing chemoradiotherapy who may benefit 
from pursuing a W&W strategy.   

Introduction 

The mainstay of treatment in patients with locally advanced rectal 
cancer is neoadjuvant chemoradiotherapy (nCRT) followed by surgical 
resection. Resective surgery here follows the principles of total meso-
rectal excision (either as an anterior resection or abdomino-perineal 

resection) [1] [2]. Surgical resection is associated with a 3% risk of 
peri‑operative mortality; life-threatening early complications such as 
anastomotic leak; long-term bowel, balder and sexual dysfunction; 
permanent colostomy and risk of local pelvic recurrence. In this patient 
group, permanent colostomy may be required in up to 40% of patients. 
Neo-adjuvant chemoradiotherapy (nCRT) before surgery improves 
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loco-regional control and downstages the tumour before surgery to 
improve surgical resection. 

In patients undergoing nCRT, 15% to 27% of patients may have a 
pathological complete response (pCR: no viable tumour on compre-
hensive histological examination)[3] in their resection specimen. 
Achieving pCR is associated with improved long term prognosis [3] [4]. 
Higher rates of pCR are also achievable after short-course radiotherapy 
followed by post-radiotherapy chemotherapy and delayed surgery[5]. 
This is known as total neoadjuvant therapy (TNT). The clinical equiva-
lent of pCR is clinical complete response (cCR), the absence of clinical 
disease post-nCRT and before surgery, verified radiologically with a 
MRI, and clinically with digital rectal examination and sigmoidoscopy. 
In patients who achieve a cCR, watch and wait (W&W) offers a novel 
management strategy to avoid major surgery and its risks. High accuracy 
to predict cCR before nCRT could offer the advantage to pre-select pa-
tients likely to benefit from organ preservation plan; ‘watch and wait’ 
(W&W). Similarly, those anticipated to have an incomplete response 
could have an alternative neoadjuvant plan such as TNT, intensive 
doublet chemotherapy, other targeted therapies or intensified chemo-
radiotherapy to improve their outcome [6] [5] [7]. 

However, predictors of cCR are poorly defined. A systematic review 
published in 2016[8] (and Table S1) of 85 studies evaluating predictors 
of pCR (including clinicopathological variables, radiological, gene 
expression, mutational, and protein expression analyses) concluded that 
there were ‘no robust markers’. In a 2007 large retrospective review (23, 
747 patients) [9], the significant clinical variables associated with pCR 
were; lower tumour grade, lower clinical T and N stage, higher radiation 
dose, and delaying surgery post neoadjuvant treatment by more than 
6–8 weeks, though selection biases hindered concluding whether these 
associations were causal. Increasingly it is recognise that the immune 
status is relevant to radiotherapy response, but this is understudied with 
regards to rectal cancer. Additionally, radiotherapy-related parameters 
beyond dose (for example, depth) have been understudied. 

Here, we performed a propensity-score matched (1:1) study of pa-
tients who received nCRT and related pre-treatment clinic-pathological, 
serum inflammatory (as surrogates of immune status), and 
radiotherapy-related characteristics with the occurrence of cCR. We 
derived the post-model receiving operator characteristics (ROC) Area 
under the Curve (AUC) as an indicator of discrimination performance. 

Method 

Patient population 

We performed a propensity-score matched (1: 1) study. We identified 
cases (all patients with cCR post neoadjuvant treatment assessment on 
‘watch and wait’ surveillance) from the OnCoRe (The Rectal Cancer-
Oncological Complete Response Database) database, between 2008 and 
2019. To capture detailed information on radiotherapy depths, we 
limited patients to those treated at the Christie NHS Foundation Trust 
and Lancashire University Teaching Hospital. We identified controls 
(non-clinical complete response: NcCR) from an audit cohort of patients 
undergoing nCRT at the Christie NHS Foundation Trust between 2011 
and 2013, and who were subsequently treated by resection surgery 
(standard pathway). Ethics approval was obtained before starting this 
study (IRAS 265989). 

Treatment 

All patients had locally advanced rectal adenocarcinoma treated by 
nCRT and received 45 Gy in 25 fractions of conformal three-dimensional 
pelvic radiotherapy with concurrent capecitabine 825 mg/m2 twice 
daily during treatment. All patients had a pre-treatment CT planning 
scan. The radiotherapy was delivered with 6–10MV photon beams: the 
superior border did not go above the L5-S1 vertebrae junction; the 
inferior border was at least 3 cm below the lowest extent of the tumour. 

The gross tumour volume (GTV) compromised the visible tumour, while 
the clinical target volume (CTV) contains the mesorectum, pre-sacral 
space, regional lymphatics combined with a 2 cm expansion of the 
GTV. The PTV (planning target volume) comprises the CTV plus an 
expansion of 1 cm. The radiotherapy dose was prescribed to the iso-
centre, and 1.8 Gy was delivered daily, five days a week for five weeks. 

Predictors 

Clinical variables were obtained from the clinical records including: 
age, tumour diameter (i.e. the greatest tumour length), gender, mrT- 
stage and mrN-stage and body mass index (BMI). Pre-treatment blood 
test values included: serum haemoglobin, neutrophils, lymphocytes, 
monocytes, alkaline phosphate, and albumin. Serum inflammatory 
indices were derived as follow: neutrophil to lymphocyte ratio (NLR) by 
dividing the neutrophil count by the lymphocyte count; the monocyte to 
lymphocyte ratio by dividing the monocyte count by the lymphocyte 
count; and the neutrophil-monocyte to lymphocyte ratio as (neutrophils 
+ monocytes)/lymphocytes ratio (NMLR). 

We calculated beam depths of the radiotherapy plan characteristics 
as an indication of radiotherapy integral dose. The beam depths were 
obtained from the radiotherapy treatment plan of all patients in four 
vertical dimensions- anterior, posterior, left lateral and right lateral at 
the level of the isocentre (Fig. 1). In effect, we measured the distance 
between the isocentre, i.e. the focus point of the treatment, and the skin 
in the main axis of the beam. The distance was calculated as the dif-
ference between the focus to source distance (FSD set at 100 cm) and the 
source to surface distance (SSD) on the radiotherapy plan. In arithmetic 
terms, it is: Depth (cm) = FSD-SSD = 100-SSD. The depth variables were 
listed as anterior, posterior, anterior-posterior (AP), the arithmetic sum 
of anterior and posterior, right lateral, left lateral, total lateral (arith-
metic sum of left and right lateral) and total depth, which is the sum of 
AP and total lateral. 

Follow-up and determination of cCR 

Post radiotherapy, patients were restaged with a pelvic MRI imaging 
(typically) at 8–10 weeks after the end of chemoradiotherapy. Those 
with no radiological intra-luminal disease were further assessed clini-
cally with endoscopy and digital rectal examination (DRE). We defined a 
cCR using international criteria as proposed by Habr-Gama et al. [10] 
which requires absence of residual ulceration, stenosis, or mass within 
the rectum during digital rectal examination and endoscopic examina-
tion. Classification of cCR also requires a normal radiological exami-
nation of the mesorectum and pelvis. Those with a cCR were offered 
‘watch and wait’ surveillance[11]. 

Fig. 1. Example of measured radiotherapy depth. Anterior = 14.63 cm, Pos-
terior = 8.19 cm, AP= 22.82 cm (14.63+8.19), R LAT = 20.62 cm, Left LAT=
19.62 cm, Total LAT = 40.24 cm (20.62+19.62), Total Depth= 63.06 cm 
(40.24 + 22.82). 
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Matching and statistical analysis 

To address the imbalance of potential confounders between the 
W&W and surgical resection groups, we matched treatment groups 
using propensity scores, similar to how we described elsewhere[11]. The 
propensity score model included mrT stage, mrN stage, age, and per-
formance status (ordinal term). We then formed matched pairs between 
patients managed by W&W and those who had surgical resection using a 
one-to-one nearest neighbour calliper of width 0・1 (maximum allow-
able difference in propensity scores). Only patients matched with pro-
pensity scores were included in the analysis. We compared matched 
characteristics using standard tests for continuous variables (Wilcoxon 
signed-rank test) and categorical variables (McNemar test). We deter-
mined the odds for the occurrence of cCR using conditional logistic 
regression models. We derived the post-model receiving operator char-
acteristics (ROC) Area under the Curve (AUC) as an indicator of 
discrimination performance. We stated a priori that an AUC greater than 
0.75 was required for potential clinical utility [12]. 

Results 

Matched groups 

Initially, there were three hundred ninety-five (395) patients: 165 
patients with cCR; 230 patients without clinical complete response 
(NcCR). Using propensity score matching, we derive a well-matched 
case-control pair of groups of 161 patients each (Table 1). 

Predictors of cCR (univariable modelling) 

We performed a univariable analysis of all variables (Table 2). This 
showed Significant associations as follows: tumour diameter, mrT-stage, 

pre-treatment haemoglobin, neutrophil, alkaline phosphates and lateral 
and total beam depths. The analysis showed that the lower the tumour 
diameter, neutrophil or alkaline phosphate, the higher likelihood of a 
complete response. The higher the haemoglobin level, the more chance 
of a complete response. mrT staging also showed a significant associa-
tion with a complete response with the odds ratio of 0.18 when 
comparing patients with mrT4 and mrT2—indicating that a patient is 
more than four times more likely to have a complete response if they are 
mrT2 compared to mrT4. The lateral beam depth shows a stronger as-
sociation with complete response compared with the anterior and pos-
terior depth. 

Checking for correlations 

Prior to multivariable modelling, we test for co-linearity by corre-
lating variable, and in particular, assessing correlations between the 
beam depth variables. To reduce the dimensionality of the data-set, we 
did a spearman’s rank correlation matrix presented as heat maps. 
Figure S1 shows that the total Lateral depth, right Lateral depth, left 
lateral depth, and total depth all correlate strongly with each other 

Table 1 
Baseline characteristics by cases and controls after matching.  

Characteristics cCR group (n =
161) 

NcCR group (n =
161) 

Mean age (range) 66.5 (41–90) 66.6 (31–89yrs) 
Gender Male 

Female 
118 (73%) 43 
(27%) 

108 (67%) 53 (33%) 

T staging (Clinical) T2 
T3 
T4 

34 (21.1%) 
113 (70.2%) 
14 (8.7%) 

10 (6.2%) 
130 (80.8%) 
21 (13%) 

N staging N0 
N1 
N2 
N3 

43 (26.7%) 
67 (41.6%) 
51 (31.7%) 
0 

35 (21.7%) 
70 (43.5%) 
52 (32.3%) 
4 (2.5%) 

Mean tumour diameter* (cm) 
(range)  4.8 cm (2–10 cm)  5.5 cm (2–10 cm) 

Blood parameters 
Mean Haemoglobin (range) (g/l) 
Mean Neutrophil (range) (x10 g/l) 
Mean Lymphocytes (range) (x10g/ 
l) 
Mean Alkaline phosphate (range) 
(iu/l) 
Mean Albumin (range) (g/l) 
Mean Monocyte (range) (x10g/l)  

135.59 (78–169) 
4.98 (1.86–12.37) 
1.81 (0.26–5.15) 
79.81 (41–158) 
43.44 (24–51) 
0.54 (0.19–1.38)  

129.47 (77–172) 
5.49 (1.7–12.3) 
1.82 (0.3–6.1) 
87.08 (40–165) 
43.34 (31–49) 
0.51 (0.10–1.40) 

Radiotherapy depth 
Anterior (cm) 
Posterior (cm) 
Right lateral (cm) 
Left lateral (cm) 
Ant-post (cm) 
Total lateral (cm) 
Total depth (cm)  

13.5 (9.4–19.8) 
8.4 (5.1–13.7) 
18.3 (12.7–25.9) 
18.2 (10.8–26.6) 
21.9 (16.2–31.2) 
36.5 (23.5–52.5) 
58.3 (42.7–82.8)  

13.3 (9.6–21.5) 
8.1 (3.2–11.9) 
17.7 (8–23.5) 
17.8 (10.9–23.3) 
21.4 (16.8–30.2) 
35.5 (24.6–46.8) 
56.9 (41.7–74.5) 

Mean BMI (range) (kg/m2) 27.78 
(17.31–57.98) 

26.58 (16.67–41.55) 

*Tumour diameter is the maximum cranio-caudal length of the tumour 
measured on the sagittal MRI planes. 

Table 2 
Univariable and multivariable logistic regression analysis.  

Variables Univariable analysis Multivariable analysisROC 
AUC of 0.79 (95%CI: 
0.73–0.84)  

OR (95% CI) p-value OR (95% CI) p- 
value 

Tumour Diameter 0.78 
(0.68–0.89) 

<0.001 0.75 
(0.62–0.91) 

0.004 

Age/10 0.99 
(0.81–1.22) 

0.942 1.00 
(0.74–1.34) 

0.999 

Gender 
F v M  0.72 

(0.45–1.17)  
0.182  0.49 

(0.23–1.05)  
0.065 

T Stage 
3 v 2 
4 v 2  

0.25 
(0.12–0.52) 
0.18 
(0.07–0.48  

<0.001 
<0.001  

0.26 
(0.09–0.70) 
0.28 
(0.07–1.04)  

0.008 
0.058 

N Stage 
1 v 0 
2 v 0  

0.78 
(0.45–1.36) 
0.74 
(0.41–1.33)  

0.380 
0.316  

0.96 
(0.45–2.03) 
1.43 
(0.61–3.33)  

0.910 
0.408 

Hb* 1.24 
(1.08–1.43) 

0.002 1.29 
(1.06–1.58) 

0.012 

Neutrophils 0.86 
(0.76–0.97) 

0.018 0.96 
(0.78–1.20) 

0.742 

Lymphocytes 0.98 
(0.74–1.30) 

0.889 2.48 
(1.03–6.00) 

0.043 

log(Alkaline 
Phosphatase) 

0.31 
(0.13–0.74) 

0.008 0.31 
(0.10–0.95) 

0.040 

Albumin 1.01 
(0.94–1.09) 

0.776 0.86 
(0.77–0.97) 

0.011 

Monocyte 1.74 
(0.57–5.29) 

0.331 1.86 
(0.08–4.19) 

0.695 

NLR 0.86 
(0.95–1.06) 

0.392 0.65 
(0.46–0.92) 

0.016 

LMR 0.93 
(0.82–1.06) 

0.281 0.73 
(0.51–1.05) 

0.087 

NMLR 0.99 
(0.95–1.03) 

0.751 1.23 
(1.07–1.41) 

0.003 

BMI 1.05 
(1.00–1.10) 

0.052 0.93 
(0.81–1.06) 

0.285 

Ant. Depth(cm) 1.07 
(0.99–1.17) 

0.103 0.85 
(0.65–1.11) 

0.234 

Pos. Depth(cm) 1.16 
(0.98–1.38) 

0.093 0.93 
(0.63–1.36) 

0.708 

Total Beam Depth (cm) 1.05 
(1.01–1.09) 

0.023 1.20 
(1.04–1.38) 

0.010 

*Units of HB are g/dL. Highlighted variables are variables with significant p- 
values either in univariable or multivariable analysis. 
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(minimum Spearman’s Rho between those 4 is 0.83, the highest being 
0.97). The anterior depth and AP depth are also highly correlated, 
Spearman’s Rho = 0.86. The posterior depth does not have a strong 
correlation; therefore, we argued that we can reduce the radiotherapy 
depth variables from seven to three groups. 

We additionally assessed correlations amongst blood parameters 
(Figure S2). The strongest correlation is between NMLR and Lympho-
cytes (Rho = -0.79). We argued that these correlations were not 
exceedingly high, and therefore, we entered all blood parameters into 
the multivariable model. 

Multivariable modelling 

The multivariable analysis is shown in Table 2. In addition to the 

findings from the univariable analysis, we noted that NLR, NMLR, 
lymphocyte count and albumin were all significantly associated with 
cCR. 

Clinical utility 

A nomogram using the above parameters was developed with a 
resulting ROC AUC of 0.75 (Fig. 2). The clinical utility of this nomogram 
is in deciding the likelihood of cCR from routine clinical variables 
collected at diagnosis for aid in treatment selection as demonstrated in 
Table 3. Patients with higher predicted chances of cCR will have neo-
adjuvant chemo-radiotherapy and those with a lower predicted chance 
of cCR from radiotherapy will have a more chemotherapy intensified 
neoadjuvant therapy in other to improve their outcomes. 

Fig. 2. Nomogram on prediction of cCR. ROC AUC = 0.75 (0.70–0.81).  
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Discussion 

Main findings 

We found on multivariable analysis that tumour diameter, mrT- 
stage, serum haemoglobin level, serum alkaline phosphate, total radio-
therapy depths, NLR, NMLR, albumin, and lymphocyte count are all 
significantly associated with clinical complete response. Some of these 
findings are consistent with retrospective studies that used pCR as its 
endpoints (Table S1). This is the first study to show serum alkaline 
phosphate (ALP), NMLR and radiotherapy depths have a significant 
association with complete response. This is also the first study to pro-
duce a nomogram for the prediction of cCR. We carefully used only 
routinely available clinical parameters in the nomogram. This nomo-
gram will, over time require the substitution of some of its variables with 
more strongly associated routine variables before prospective validation 
in other to improve its predictability. 

In context with rest of literature 

Alkaline phosphate until now have not shown an association with 
response to treatment in rectal cancer, but there is evidence to show that 
elevated alkaline phosphate is a prognostic marker in colorectal cancer 
due to its association with liver metastasis[13]and its link with unde-
tectable occult metastasis in the liver or bone[14]. Interpreting our 
result with respect to this, it could be that those with more elevated ALP 
have biologically more advanced disease at the start of their treatment 
which are unreflected in their stagging investigations. Our univariable 
and multivariable analysis showed a positive association between the 
total radiotherapy depths and cCR which is the first in litrature. This 
relationship is not fully understood. It could reflect the nutritional state 
of patients as their disease advances. Cancer is associated with weight 
loss and muscle loss, and it is clear that those losses increases as the 
disease progresses [15]. Two Systematic reviews[16] [17] have shown 
that sarcopenia (ie loss of muscle bulk which occurs in malignacies) is an 
adverse prognostic marker for survival in patients with colorectal can-
cer. The association between sarcopenia and the outcome of chemo-
radiotherapy in rectal cancer remains unclear. A small study of 61 
patients showed that sarcopenia is a negative marker of pCR following 
chemoradiotherapy in locally advanced rectal cancer[18]. More studies 
are needed here, given that only seven patients out of 61 patients on this 
small study had pCR. 

Neutrophils, lymphocytes, monocytes, platelets are all markers of 
inflammation. Systemic inflammation plays a significant part in cancer 
cell proliferation and the formation of metastasis[19]. Neutrophil, 
monocyte and platelets are all believed to promote cancer cell prolif-
eration by their inflammatory activities; neutrophil stimulates circu-
lating vascular endothelial growth factor[20], monocyte provides 
trophic factors for cancer growth proliferation[21], and platelets pro-
vide growth factor that aid cancer growth[22]. Lymphocytes, in 
contrast, have tumour suppressive properties by inducing cytokines that 
inhibit cancer cell proliferation[23]. So high neutrophils, monocyte and 
platelets favour cancer proliferation, but the opposite is the case for 
lymphocytes. High NLR and PLR due to lymphopenia are therefore 

expected to be a marker of poor prognosis but the results have been 
conflicting; Kim et al [24]. have shown NLR and PLR as both a prog-
nostic and predictive marker for pCR, while the most extensive reported 
study looking at the prognostic and predictive impact of NLR and PLR in 
rectal cancer failed to replicate this association with pCR[25]. Our re-
sults showed that cCR has a negative association with NLR, which is 
similar to the results from Kim et al. [24]. 

Few studies have investigated building a predictive model using 
routine clinical variables[26] [27]. Zhang et al. [26].used a cohort of 
patients that had neoadjuvant chemotherapy alone (without radio-
therapy), which is not the standard neoadjuvant treatment in rectal 
cancer and only a small proportion of patients (10/137) had a complete 
response. Sun et al [27]. developed a nomogram predicting pCR with a 
C-index of 0.81 and a drop off to 0.75 on validation. It also recruited a 
low proportion of patients with pCR which is only 16% of the database. 

Strengths and limitations 

This study recruited a 1:1 matched cohort of patients with cCR and 
those without which is lacking from the literature. It also recruited pa-
tients who had a clinical complete response, the target patient group for 
the organ preservation treatment pathway unlike other studies that used 
pCR which is a surgical outcome. This study is the first to investigate the 
relationship between achieving complete response and radiotherapy 
treatment depth to the best of our knowledge. As radiotherapy param-
eters are likely to influence treatment outcome significantly, the inves-
tigation of radiotherapy parameters other than the dose is expected to be 
important in predicting complete response. 

There are notable limitations to this study; firstly, all patients in this 
study were treated in two cancer centres in the same region. A more 
diverse patient group would be expected to reduce selection bias. These 
biases were mitigated by the use of propensity matching to produce a 
homogenous patient group in the two comparative cohorts. This study 
investigated routine variables with a strong association with cCR to 
create a nomogram for cCR; it does lack an external validation cohort. 
Even though a few of the clinical variables investigated have similar 
results with previous external studies, external validation would have 
improved its reliability. This study also recruited patients that were 
treated over eleven year period. Over this decade the envitable varia-
tions in treatment selections and changes in the assay of the laboratory 
variables could have affected the results of this study. 

Future research 

The predictive abilities of the clinical variables used in our nomo-
gram although it meets our pre-set target for clinical utility may need to 
be improved . Thus, there is a need to identify more routinely avalible 
variables significantly associated with cCR to form a more robust 
nomogram before a prospective validation. 
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Table 3 
Clinical utility of nomogram.  

Patient Tumour Diameter 
(cm) 

T- 
stage 

Lymphocyte (x10g/ 
l) 

ALP (iu/ 
l) 

Haemoglobin (g/ 
dl) 

Albumin (g/ 
l) 

Neutrophil (X10g/ 
l) 

Monocyte (x10g/ 
l) 

Chance of 
cCR 

A 2 T2 1.5 80 13.4 37 2.3 0.4 0.95 
B 5 T2 1.5 80 13.4 37 2.3 0.4 0.90 
C 5 T3 1.5 80 13.4 40 2.3 0.4 0.75 
D 5 T3 1.5 80 10.4 40 2.3 0.4 0.5 
E 10 T3 1.5 80 10.4 40 2.3 0.4 0.22 
F 10 T3 1.5 80 10.4 40 8.5 0.4 0.11 

Monocyte are used in the calculation of LMR and NMLR, neutrophil are used in the calculation of NLR and NMLR. 
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