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Introduction: The Neoadjuvant rectal (NAR) score is a new surrogate endpoint to be used in clinical trials
for early determination of treatment response to different preoperative therapies. The aim is to further
validate the NAR-score, primarily developed using chemoradiotherapy (CRT) with a delay to surgery
6–8 weeks, and explore its value using other schedules.
Materials and Methods: The study included all 9978 patients diagnosed with non-metastasized RC in
2007–2015 that had undergone surgery and was registered in the Swedish Colorectal Cancer Registry.
The patients of interest had either short-course radiotherapy (scRT)/CRT + delayed surgery, long-
course radiotherapy (RT) + delayed surgery, (C)RT + additional chemotherapy, primary surgery, or
scRT + immediate surgery. The scRT/CRT + delayed surgery groups were further divided based on time
to surgery.
Results: Mean NAR-score differed significantly (p < 0.0001) between different treatments. (C)
RT + additional chemotherapy had the lowest mean score of 16.3 and CRT + delayed surgery had 17.7.
There was a significant difference (p < 0.05) in overall survival (OS) and time to recurrence (TTR) of
patients with a Low NAR-score (<8) compared to those with a High score (>16) for both CRT- and
scRT, with a stronger correlation for CRT-patients. C-index for the NAR-score model (0.623) was not supe-
rior to when only pathological T- and N-stage was used (0.646).
Conclusions: The NAR-score is prognostic, but it is not better than pT- and pN-stage. However, the NAR-
score can still discriminate between two treatments that have different cell killing effect and may still be
of value in clinical trials as an easier method than pT- and N-stage.
� 2021 The Authors. Published by Elsevier B.V. Radiotherapy and Oncology 157 (2021) 70–77 This is an

open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
Colorectal cancer (CRC) is the third most common cancer world-
wide [1] and one third arises from the rectum. Over the past dec-
ades, the overall survival (OS) for rectal cancer (RC) patients has
improved, especially due to better surgical techniques and to use
of preoperative/neo-adjuvant therapies with radiotherapy (RT),
chemotherapy or both, chemoradiotherapy (CRT) [2,3]. Neoadju-
vant therapy is usually added for locally advanced tumours to per-
mit radical surgery in ‘‘non-resectable” cases and to decrease local
recurrence rates in resectable tumours at risk of local failure.
Short-course RT (scRT, 5 � 5 Gy in one week) with immediate or
delayed surgery or CRT with delayed surgery is recommended
depending on grade of advancement [3–5]. The main aim of delay-
ing surgery is to shrink the tumour in order to facilitate surgery,
traditionally after 6–8 weeks or, more recently, up to 12 weeks
[3,6–10]. A ‘‘watch-and-wait” strategy is also increasingly applied;
if the tumour responds with a clinical complete remission (cCR),
surgery might not be necessary [11]. A pathological complete
remission (pCR) is associated with a favourable prognosis and
occurs in 10–20% after scRT or CRT [12–14].

Although the risk of local recurrences and OS have markedly
improved, it is important to continue the positive development.
Research of clinical and other factors as predictors of response
and prognosis plays an important role. The Neoadjuvant Rectal
(NAR) Score was originally developed to facilitate evaluation of
treatment response to different treatment schedules in RC [15].
The idea is that the NAR-score will be a short-term surrogate end-
point after neoadjuvant therapy and used in clinical trials for early
determination of treatment response. The NAR-score could in the
original report predict OS better than pCR and could possibly
replace OS in future neoadjuvant clinical RC trials [15].

NAR-score gives a value from 0-100. pCR equals 0 points while
100 points means progression. Consequently, a low score should
correlate to a more favourable endpoint. So far, the NAR-score
has been validated for patients receiving CRT to the usual dose of
about 50 Gy in 5 weeks with a fluoropyrimidine and with a 6–
8 weeks delay to surgery [16–18]. It was also prognostic in a study
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adding neoadjuvant chemotherapy to CRT [19] and in two studies
where chemotherapy alone was used [20,21]. However, a recent
study from the Netherlands dismissed the prognostic value of
NAR-score; single pathological parameters (pT, pN) have similar
concordance (C-index of 0.663 and 0.655), i.e. the additional value
of including a parameter reflecting clinical tumour stage was nil
[22].

The aim is to further explore the value of NAR-score, to investi-
gate whether it applies to longer waiting times to surgery and if it
can be used for patients treated with scRT and delayed surgery.
Further, we explore whether the results of the Dutch study, dis-
missing the NAR-score, are true.

Material and methods

Patient cohort

This study was approved by the Ethics Committee in Uppsala,
Sweden (Dnr 2017/235). Data was retrieved for 11,726 surgically
operated patients diagnosed with RC between 2007 and 2015 from
the Swedish Colorectal Cancer Registry (SCRCR), a national quality
registry, including data for RC since 1995. The registry includes 130
different variables including pre-operative findings on MRI like
clinical tumour stage, factors related to operation and other treat-
ments, and histopathological examination. The completeness for
RC is 98.8% and the overall validity 90% [23]. Patients that had suf-
ficient information to calculate NAR-score (n = 10 246) were cate-
gorised primarily into groups based on what neoadjuvant therapy
they received. The groups were ‘‘primary surgery” (no neoadjuvant
therapy, N = 3850), ‘‘scRT + immediate surgery” (5 � 5 Gy in one
week, surgery < 21 days after start of therapy, N = 3286) ‘‘long-
course RT + delayed surgery” (25 � 2 Gy in 5 weeks, N = 124), ‘‘(
C)RT + chemotherapy” (systemic chemotherapy before or after
RT/CRT, N = 382), ‘‘scRT + delayed surgery” (21–120 days between
start of therapy and surgery, N = 1032) and ‘‘CRT + delayed surgery”
(25–28 � 1.8–2 Gy to about 50 Gy in 5–5½ weeks with a fluoropy-
rimidine, N = 1299). Twenty-six patients received only chemother-
apy and were excluded. Further, 167 + 80 patients were excluded
since the delay from start of RT/CRT was less than 42 days
(6 weeks) or exceeded 120 days (17 weeks) or they did not com-
plete the treatment. ‘‘scRT + delayed surgery” and ‘‘CRT + delayed
surgery” patients were further divided into two groups in regard
to time to surgery, (3)6–8 weeks vs. 8–17 weeks (Fig. 1).

Treatments followed national guidelines published in 2008.
Tumours with a low risk of local recurrence, designated ‘‘good
group”, generally had primary surgery, with a higher or intermedi-
ate risk, ‘‘bad group”, scRT with immediate surgery (the coming
week) and tumours with a risk of non-radical surgery, ‘‘ugly
group”, should receive CRT with delay to surgery [8,24]. If patients
did not tolerate CRT, they were initially treated to 50 Gy without
chemotherapy or more and more commonly with scRT with a
delay [9,10]. However, during the time for this study, several clin-
ical trials were running modifying the preoperative treatment,
such as the Stockholm III trial [6], RAPIDO [25], and LARCT-US
(clinicaltrials.gov, NCT03729687), where other therapy regimens
have been applied. For example, many patients having ‘‘scRT + de
layed surgery” or ‘‘long-course RT + delayed surgery” participated
in the Stockholm III trial. The combination of (C)RT and systemic
chemotherapy was used in the CORGI-L [26], EXPERT-C [27],
RAPIDO [25] and LARCT-US (NCT03729687) trials.
NAR-score

NAR-score was calculated for all patients with the formula

NAR ¼ 5pN�3 cT�pTð Þþ12½ �2
9:61 [15]. The score could not be calculated for

1480 patient because of missing data. The cT-stage for all cT1
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and cT2 was registered as cT1–2 in the SCRCR. In this study, they
were classified as cT2. The patients were divided into three cate-
gories depending on the NAR-score; Low score (<8), Intermediate
score (8–16), High score (>16) [15].
Statistics

The statistical analysis was performed in the statistics pro-
gramme IBM Statistical Package for Social Sciences (SPSS) software
version 25 and in R 3.6.1. (R Foundation for Statistical Computing).
Pearson’s Chi2-test was used for group comparisons. Kruskal–Wal-
lis test, Mann-Whitney U test and Median test were used to inves-
tigate differences in patient characteristics (median age, gender,
cTN- and pTN-stage, pCR, mean/median NAR-score, NAR-score
groups and adjuvant chemotherapy) between the treatment
groups.

Correlations between NAR-score and OS and time to recurrence
(TTR), respectively, were illustrated with the Kaplan-Meier method
and compared by log-rank test. OS was the time between surgery
and death of any cause/cut-point date in August 2017. TTR was
the time between surgery and discovery of recurrence/distant
metastasis or death/cut-point date (the registry does not contain
information of second malignancies). Follow-up time of still living
patients varied from 20-125 months, median 55 months.

Univariate and multivariate analyses of Cox regression were
done in accordance with the Dutch study [22] for all patients that
received CRT (n = 1299) to calculate hazard ratios (HR) for NAR-
score and for cT, pT and pN used when calculating NAR-score. To
evaluate the concordance between the observed and the predicted
outcome, Harrell’s concordance index (C-index) was calculated for
the NAR-score model. It was also done for pT and pN, separately
(‘‘pathologic model”) and the two pathological factors in combina-
tion with cT (‘‘combined model”). All models were adjusted for age
and gender. The Akaike information criterion (AIC) was used to
evaluate the goodness of fit of the model. Lower values show better
fit. P-values <0.05 were considered statistically significant.
Results

Patient characteristics for all groups of interest are summarised
in Table 1. Median agewas highest in the group receiving scRT + de-
layed surgery and lowest in the group receiving (C)RT + chemother
apy. All groups had more males than females. Clinical T- and N-
stages were highest amongst patients with CRT or (C)RT + chemo
therapy and lowest in those having primary surgery. Pre-
treatment characteristics in the different groups reflected patient
selection according to the guidelines/trial protocols.

The outcome after surgery in the different treatment groups are
shown in Table 1 and according to length of delay in the scRT/CRT
groups in Table 2. The highest proportion of pCR was seen in the
group receiving (C)RT + chemotherapy (11.5%, 95%CI[8.6–14.9]),
followed by CRT or scRT + delayed surgery (8.5%, 95%CI[7.0–10.0]
vs. 5.4%, 95%CI[4.1–6.9]) and lowest in ‘‘long-course RT + delayed
surgery” (3.2%, 95%CI[0.8–6.5]). It was very low in those having
surgery alone or immediately after scRT (0.6–0.7%). Median NAR-
score was the same for all groups. However, mean NAR-scores
and the distribution between Low, Intermediate and High scores
inversely correlated with pCR rates. CRT gave numerically lower
mean scores than scRT followed by a delay (17.7 vs 19.7,
p < 0.001) and also more Low scores (19.6%, 95%CI[17.5–21.6] vs.
12.1%, 95%CI[10.2–14.1], p < 0.0001). Median time from start of
therapy to surgery was 22 weeks for those given (C)RT + chemo
therapy, 14 weeks for CRT and 8 weeks for scRT + delayed surgery.
Longer delay to surgery after receiving CRT gave similar NAR-
scores compared to a delay of 6–8 weeks. NAR-scores were higher



Fig. 1. Patient selection. 1 214 patients received scRT + chemotherapy, 168 patients received CRT + chemotherapy. 2 The delay exceeded 120 days, the start date of therapy
was after the date of surgery registered, or they did not complete the full treatment. 3 Time to surgery was less than 42 days, or exceeded 120 days from the end of treatment,
or the start date of therapy was after the date of surgery registered.

NAR-score and Treatment Discrimination
amongst the scRT-patients, and like the CRT-groups, time to sur-
gery did not affect the results. The frequency of patients in the
Low score group was much lower among those that had scRT + im-
mediate surgery or primary surgery (2.9% and 3.1%) than in any
group with a delay to surgery. Approximately half of the patients
in both the primary surgery group and in the scRT + immediate
surgery group, where no downstaging could be present, had a
NAR-score of �16 (Low or Intermediate score).

Higher NAR-scores were associated with worse OS in all treat-
ment groups (Fig. 2). The separation between groups appeared
most significant among those that had CRT with surgery 6–8 weeks
after surgery (HR 5.94 [2.87–12.33], p < 0.0001), i.e. in the group
where the NAR-score was developed, although it was also high in
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the smaller group of patients that had long-course RT + delayed
surgery (HR 18.2 [2.50–132.8], p < 0.01). The association was also
high for patients that received (C)RT + chemotherapy, and slightly
lower for the patients that had more than 8 weeks delay to surgery
in both the CRT- and scRT-groups (HRs 3.09, 2.35 and 2.14). The
discrimination between NAR-score groups and survival was seen
also for patients with primary surgery and scRT + immediate sur-
gery (Fig. 3). Significant correlations of NAR-score and TTR were
found in almost all treatment groups (Supplementary Fig. 1).
Again, the results were more prominent for the patients with
CRT + delayed surgery 6–8 weeks (HR 8.10 in the High Score
group). Therewas no association found for long-course RT + delayed
surgery (p = 0.48). For the patients with immediate surgery with-



Table 1
Patient characteristics in different treatment groups.

Characteristic CRT + Delayed
surgery

scRT + Delayed
surgery

Long-course RT + Delayed
surgery

(C)
RT + Chemotherapy

Primary
surgery

scRT + Immediate
surgery

Number of patients 1299 1032 124 382 3850 3286
Age
Median (range,
years)

64 (25–84) 74 (29–91) 69 (40–87) 63 (23–81) 72 (25–96) 68 (26–92)

Gender
Male 777 (59.8) 615 (59.6) 69 (55.6) 236 (61.8) 2291 (59.5) 2005 (61.0)
Female 522 (40.2) 417 (40.4) 55 (44.4) 146 (38.2) 1559 (40.5) 1281 (39.0)

cT-stage
cT1–2 30 (2.3) 163 (15.8) 6 (4.8) 9 (2.4) 1861 (48.3) 798 (24.3)
cT3 627 (48.3) 620 (60.1) 64 (51.6) 156 (40.8) 1689 (43.9) 2317 (70.5)
cT4 642 (49.4) 249 (24.1) 54 (43.5) 217 (56.8) 300 (7.8) 171 (5.2)

cN-stage
cN0 204 (15.7) 362 (35.1) 37 (29.8) 53 (13.9) 2562 (66.5) 1348 (41.0)
cN1–2 1035 (79.7) 610 (59.1) 72 (58.1) 313 (81.9) 978 (25.4) 1760 (53.6)
Missing 60 (4.6) 60 (5.8) 15 (12.1) 16 (4.2) 310 (8.1) 178 (5.4)

pT-stage
pT0 147 (11.3) 62 (6.0) 11 (8.9) 56 (14.7) 29 (0.8) 21 (0.6)
pT1 59 (4.5) 64 (6.2) 6 (4.8) 8 (2.1) 467 (12.1) 134 (4.1)
pT2 235 (18.1) 287 (27.8) 18 (14.5) 68 (17.8) 1208 (31.4) 966 (29.4)
pT3 713 (54.9) 535 (52.8) 72 (58.1) 196 (51.3) 1896 (49.2) 2044 (62.2)
pT4 145 (11.2) 84 (8.1) 17 (13.7) 54 (14.1) 250 (6.5) 121 (3.7)

pN-stage
pN0 761 (58.6) 633 (61.3) 67 (54.0) 241 (63.1) 2534 (65.8) 1832 (55.8)
pN1 359 (27.6) 272 (26.4) 41 (33.1) 99 (25.9) 866 (22.5) 889 (27.1)
pN2 179 (13.8) 127 (12.3) 16 (12.9) 42 (11.0) 450 (11.7) 565 (17.2)

pCR 111 (8.5) 56 (5.4) 4 (3.2) 44 (11.5) 28 (0.7) 19 (0.6)
NAR-score
Mean score (±SD) 17.7 (14.0) 19.7 (14.5) 19.0 (13.5) 16.4 (14.0) 22.5 (15.0) 24.3 (15.2)
Median score (±SD) 15.0 (14.0) 15.0 (14.5) 15.0 (13.5) 15.0 (14.0) 15.0 (15.0) 15.0 (15.2)

NAR-score groups
Low 255 (19.6) 125 (12.1) 18 (14.5) 87 (22.8) 121 (3.1) 95 (2.9)
Intermediate 539 (41.5) 492 (47.7) 49 (39.5) 164 (42.9) 2033 (52.8) 1566 (47.7)
High 505 (38.8) 415 (40.2) 57 (46.0) 131 (34.3) 1696 (44.1) 1625 (49.5)
Adjuvant
chemotherapy

560 (43.1) 135 (13.1) 23 (18.5) 145 (37.5) 535 (13.9) 841 (25.6)

scRT, short-course radiotherapy; CRT, chemoradiotherapy; cT-stage, clinical tumour stage; cN-stage, clinical nodal stage; pT-stage, pathological tumour stage; pN-stage,
pathological nodal stage; pCR, pathological complete remission ((y)pT0N0); NAR-score, neoadjuvant rectal score.
Data are presented as n (%) unless otherwise indicated.
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out or with neoadjuvant scRT, there was no difference in survival
between the Low and Intermediate score groups (Supplementary
Fig. 2). However, patients with a High score had significantly worse
outcome. Similar to the NAR-score grouping, reaching a pCR was in
most treatment groups associated with both better OS and TTR
(Supplementary Figs. 3–4). OS was at a high level (>95% at 5 years)
in patients treated with CRT with a delay of 6–8 weeks, but less in
the other groups. TTR was excellent if pCR was achieved in all
groups besides the small long-course RT group.

Univariate and multivariate Cox-regression analyses showed
significant correlations for both pN- and pT-stage with OS
(p < 0.001). pCR and NAR-score were also significantly correlated
to OS. C-index of the NAR-score model (0.623) was slightly lower
than the ‘‘pathologic” and the ‘‘combined” models (both 0.646)
(Table 3).

Discussion

In this study, NAR-score correlated to OS for both scRT- and
CRT-patients with delayed surgery. The association was strongest
for CRT-patients with a delay to surgery 6–8 weeks, which is not
surprising as the score was developed for this patient group. In
all treatment groups, there was a significant difference between
those with a Low score and a High score, with worse outcome if
they were in the latter group, whereas the Intermediate group
did not always separate from the other two. The NAR-score could
thus also identify groups with different prognosis after treatment
with scRT, but not as clear as after CRT. This could be explained
73
by a 10-year higher median age, resulting in more intercurrent
deaths. The same discrimination was, however, seen when TTR
was evaluated. Tumours treated with scRT rather than CRT also
had a lower cT-stage reflecting treatment of many old patients
with less advanced tumours, but not tolerating CRT. Consequently,
fewer patients received adjuvant chemotherapy which might affect
survival positively. The benefit of adjuvant chemotherapy is well-
known for colon cancer [28–30], but literature for RC is conflicting
[3,31,32].

The lack of lower mean NAR-scores with longer waiting time in
both the scRT- and CRT-groups does not conform with more down-
staging seen in multiple retrospective studies on the importance of
delay for the pCR rates [33–35], but is more in line with difficulties
to prove this in randomised trials [36–39]. Longer delay of surgery
should intuitively permit a higher degree of tumour regression,
and thus a lower NAR-score, but not necessarily better prognosis
[13,34,35]. Amongst the scRT-patients, longer delay to surgery
led to a higher frequency of patients with a Low score, but the
patient groups were not entirely comparable. In the randomised
Stockholm III trial, a longer delay than the prescribed 8 weeks after
scRT did not result in more tumour regression [14].

The results for the less frequently used treatments, long-course
RT and (C)RT + chemotherapy, were as predicted. The long-course
RT-patients had a mean NAR-score similar to the scRT group but
resulted in slightly fewer pCRs, as reported in the Stockholm III
trial [14]. Adding systemic chemotherapy gives better treatment
response compared to receiving only scRT/CRT. However, larger
or randomised patient cohorts are needed for proper comparisons.



Table 2
Characteristics of patients treated with CRT or scRT according to different times to surgery.

Characteristic CRT + Delayed surgery P-value scRT + Delayed surgery P-value

6–8 weeks (n = 489) 8–17 weeks (n = 810) 3–8 weeks (n = 527) 8–17 weeks (n = 505)

Age (Median) 62 (25–84) 64 (31–82) 0.013 72 (29–91) 76 (42–90) <0.0001
Gender 0.115 0.043
Male 279 (57.1) 498 (61.5) 330 (62.5) 285 (56.4)
Female 210 (42.9) 312 (38.5) 198 (37.5) 220 (43.6)

cT-stage <0.0001 <0.0001
cT1–2 15 (3.1) 15 (1.9) 101 (19.1) 62 (12.3)
cT3 265 (54.2) 362 (44.7) 354 (67.2) 266 (52.7)
cT4 209 (42.7) 433 (53.5) 72 (13.6) 177 (35.0)

cN-stage 0.003 0.004
cN0 95 (19.4) 109 (13.5) 207 (39.3) 155 (30.7)
cN1–2 369 (75.5) 666 (82.2) 290 (55.0) 320 (63.4)
Missing 25 (5.1) 35 (4.3) 30 (5.7) 30 (5.9)

pT-stage 0.017 0.001
pT0 57 (11.7) 90 (11.1) 28 (5.3) 34 (6.7)
pT1 26 (5.3) 33 (4.1) 35 (6.6) 29 (5.7)
pT2 94 (19.2) 141 (17.4) 165 (31.3) 122 (24.2)
pT3 276 (56.4) 437 (54.0) 280 (53.0) 255 (50.5)
pT4 36 (7.4) 109 (13.5) 20 (3.8) 65 (12.9)

pN-stage 0.797 0.499
pN0 287 (58.7) 474 (58.5) 318 (60.2) 315 (62.4)
pN1 128 (26.2) 231 (28.5) 142 (26.9) 130 (25.7)
pN2 74 (15.1) 105 (13.0) 68 (12.9) 60 (11.9)

pCR 42 (8.6) 69 (8.5) 0.965 25 (4.7) 31 (6.1) 0.323
NAR-score
Mean score (±SD) 17.8 (14.4) 17.7 (13.9) 0.972 20.4 (14.6) 19.0 (14.3) 0.077
Median score (±SD) 15.0 (14.4) 15.0 (13.9) 0.589 15.0 (14.6) 15.0 (14.3) 0.479

NAR-score groups 0.808 0.141
Low 93 (19.0) 162 (20.0) 52 (9.9) 73 (14.5)
Intermediate 211 (43.1) 328 (40.5) 257 (48.8) 235 (46.5)
High 185 (37.8) 320 (39.5) 218 (41.4) 197 (39.0)

Adjuvant chemotherapy 209 (42.9) 351 (43.3) 0.677 87 (16.5) 48 (9.5) 0.001

scRT, short-course radiotherapy; CRT, chemoradiotherapy; cT-stage, clinical tumour stage; cN-stage, clinical nodal stage; pT-stage, pathological tumour stage; pN-stage,
pathological nodal stage; pCR, pathological complete remission (ypT0N0); NAR-score, neoadjuvant rectal score.
Data are presented as n (%) unless otherwise indicated.

NAR-score and Treatment Discrimination
The recently reported RAPIDO trial clearly shows that scRT fol-
lowed by neo-adjuvant chemotherapy results in excellent treat-
ment response (pCR in 28%) being superior to CRT (14%) [40].

NAR-score was also calculated for the patients that underwent
primary surgery or had scRT + immediate surgery. The score is
not developed for these treatments as there is no time for tumour
regression, but a score can mathematically be calculated as all fac-
tors (cT, pN, pT) are available. We have not seen any NAR-score cal-
culations for these groups but made them for contrasting reasons.
The results showed fewer patients with a Low NAR-score in com-
parison to scRT/CRT + delayed surgery, which was as expected.
However, theoretically none of the patients in these two treatment
groups should have a Low NAR-score, meaning tumour regression
has occurred. Yet, a majority of patients have a Low or Intermedi-
ate score in both groups. This indicates the uncertainty in clinical
staging with MRI. The tumours are often over-staged falsely indi-
cating tumour regression when NAR-score is investigated. The lim-
itations of MRI-staging are well-known. The sensitivity of MRI is
80–86% and the specificity is 71–76% for identifying large T3-4
tumours [41]. It is difficult to distinguish T2 from ‘‘early” cT3, or
cT3a (at the most 1 mm outside muscularis propria), the reason
being a risk to mistake direct tumour infiltration (T3) from fibrosis
or peri-tumour inflammation (T2) [42–44].

The prognostic separation between the ‘‘Low/Intermediate” and
the ‘‘High” score groups, irrespective of what pre-treatment the
patient got, the length of delay or if no pre-treatment was given,
i.e. also in the groups of patients who had surgery directly, comes
as no surprise since it is heavily influenced by the N-status. As seen
in Supplementary Fig. 5, if a patient has pN2 they can never have a
Low NAR-score even if there is considerable regression of the T-
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stage (from cT4 to pT0). The extra information achieved from
inclusion of the pre-treatment stage is thus limited.

Van der Valk et al., dismissed the score, and it was of interest to
investigate whether we could confirm their results. They found
NAR-score had a C-index of 0.665 while the ‘‘pathologic model”
(pT and pN alone) had 0.684. When the cT-stage was added to
the analysis (‘‘combined model”) C-index was even marginally
higher; 0.689 [22]. Our results show that the C-index is indeed
lower for the NAR-score model (0.623) compared to the ‘‘patho-
logic model” (0.646). Consequently, the NAR-score does not give
any extra prognostic information compared to just looking at pT-
and pN-stages. However, the difference was not as significant as
in the Dutch study. Further, the addition of cT did not contribute
to a higher correlation, as the C-index for the combined model
was the same as the pathologic model. This can be explained by
a lack of correlation of cT to OS in a univariate analysis, as the
Dutch study also showed. This was surprising as higher cT-stage
is generally associated with worse prognosis. Although the ‘‘patho-
logical model” seems to be statistically better, the NAR-score may
still be of value in clinical trials as it is easier to use and evaluate.

Limitations of this study are that it is retrospective and a reg-
istry study. A prospective approach is of more value and the study
populations would be better controlled. Patient information was
drafted from the SCRCR, where clinicians; surgeons and oncologists
mainly, report all cases. Nevertheless, many fill up the forms long
after treating the patients and thus some variables are missing or
potentially even wrongly documented. However, being a registry
study is also a strength. The reporting to registries in Sweden is
immensely good and has high coverage [23]. This makes it possible
to perform national studies of high quality, such as this study. Our
cohort represents the entire Swedish population. Another strength



Fig. 2. Overall survival (OS) in NAR-score groups of patients in the treatment groups. (A) CRT with delay to surgery 6–8 weeks, (B) CRT with delay to surgery > 8 weeks, (C)
scRT + delay to surgery � 8 weeks, (D) scRT + delay to surgery > 8 weeks, (E) long-course RT with delayed surgery, (F) (C)RT with additional chemotherapy.
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Table 3
Univariate and Multivariate Cox Regression including Quantitative Measurements of Models based on van der Valk et al [21], for patients that received CRT + Delayed
surgery � 6 weeks (n = 1299).

Factor Univariate analyses Multivariate Analysis AIC C-Index

HR 95% CI P HR 95% CI P

Age 1.014 1.003–1.025 <0.05 1.014 1.003–1.025 <0.05
Gender (Men) 0.905 0.734–1.116 0.351 0.916 0.743–1.130 0.414
cT 1.159 0.956–1.404 0.133 1.142 0.941–1.387 0.179 0.576
pN 1.474 1.295–1.678 <0.001 1.513 1.328–1.724 <0.001 0.603
pT 1.515 1.349–1.701 <0.001 1.504 1.339–1.689 <0.001 0.641
pCR 3.088 1.775–5.373 <0.001 3.153 1.810–5.491 <0.001 0.576
NAR-score 1.028 1.021–1.035 <0.001 1.029 1.022–1.035 <0.001 4753.10 0.623
pT and pN (pathologic model) 4736.37 0.646
cT, pT and pN (combined model) 4738.35 0.646

Fig. 3. Overall survival (OS) in NAR-score groups of patients in the treatment groups. (A) Primary surgery, (B) scRT with immediate surgery.

NAR-score and Treatment Discrimination
is the number of patients included. In total, NAR-score could be
calculated for over 10 000 patients. Usually, heterogeneity is a dis-
advantage in registry studies since it is difficult to control why
patients receive different treatments. Conversely, in this case it
enables the possibility to investigate differences between treat-
ment groups and according to time to surgery making the results
more generalisable.

In conclusion, the NAR-score can discriminate between two dif-
ferent treatments that have different cell killing effect, which was
the primary aim of developing the NAR-score. It thus appears as if
it can be of value as a surrogate marker in the evaluation of differ-
ent schedules, preferably in randomised phase II studies but poten-
tially also in consecutive patient series. The score is robust in that it
appears to work irrespective of therapy given. It also contains
prognostic information but contains no more information than
can be achieved from pT and pN-stage combined, i.e. the UICC
stage. In this latter aspect we confirm the results of the Dutch
study but believe that the NAR-score can still be of clinical value
for the purpose it was developed.
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