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a  b  s  t  r  a  c  t

Aim:  To  evaluate  the  role of  oxaliplatin  in  neoadjuvant  chemotherapy  delivered  after  short-course  irra-
diation.
Background:  Using  oxaliplatin  in the  above  setting  is uncertain.
Patients  and methods:  A  subgroup  of 136  patients  managed  by short-course  radiotherapy  and  3  cycles  of
consolidation  chemotherapy  within  the  framework  of a randomised  study  was  included  in  this  post-hoc
analysis.  Sixty-seven  patients  received  FOLFOX4  (oxaliplatin  group)  while  oxaliplatin  was  omitted  in  the
second  period  of  accrual  in  69  patients  because  of protocol  amendment  (fluorouracil-only  group).
Results:  Grade  3+  acute  toxicity  from  neoadjuvant  treatment  was  observed  in 30%  of  patients  in the
oxaliplatin  group  vs.  16%  in the  fluorouracil-only  group  (p  =  0.053).  The  corresponding  proportions  of
patients  having  radical  surgery  or achieving  complete  pathological  response  were  72%  vs. 77%  (odds
ratio  [OR]  =  0.88;  95% confidence  interval  [CI]:  0.39–1.98;  p =  0.75)  and  15% vs. 7% (OR  =  2.25;  95%  CI:
0.83–6.94;  p  = 0.16),  respectively.  The  long-term  outcomes  were  similar  in  the  two  groups.  Overall  and
disease-free  survival  rates  at 5 years  were  63%  vs. 56% (p =  0.78)  and  49%  vs.  44%  (p  = 0.59),  respectively.

The  corresponding  numbers  for cumulative  incidence  of  local failure  or distant  metastases  were  33%  vs.
38%  (hazard  ratio  [HR]  = 0.89;  95% CI:  0.52–1.52; p = 0.68) and  33%  vs. 33%  (HR  =  0.78;  95%  CI:  0.43–1.40;
p =  0.41),  respectively.
Conclusion:  Our  findings  do  not  support  adding  oxaliplatin  to three  cycles  of  chemotherapy  delivered
after  short-course  irradiation.

© 2020  Greater  Poland  Cancer  Centre.  Published  by  Elsevier  B.V.  All  rights  reserved.

∗ Corresponding author at: Department of Radiotherapy, Maria Sklodowska-Curie
ational Research Institute of Oncology, W.K. Roentgena 5, 02 781 Warsaw, Poland.
el.: +48 22 5462865.

E-mail address: krzysztof.bujko@coi.pl (K. Bujko).

ttps://doi.org/10.1016/j.rpor.2020.08.002
507-1367/© 2020 Greater Poland Cancer Centre. Published by Elsevier B.V. All rights res
1. Introduction
We have recently published the results of a phase III randomised
trial performed in patients with rectal cancer and threatened
mesorectal fascia that compared short-course radiotherapy in

erved.
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ombination with three cycles of consolidation chemotherapy vs.
eoadjuvant long-course chemoradiation.1,2 Although oncological
utcomes were similar after these two neoadjuvant treatments,
hort-course radiotherapy/consolidation chemotherapy is consid-
red to be a valid option because of its several advantages over
ong-course chemoradiation, i.e., lower early toxicity, convenience
nd lower cost. Therefore, short-course radiotherapy combined
ith consolidation chemotherapy consisting of 5-fluorouracil,

eucovorin and oxaliplatin (FOLFOX) is recommended by the Euro-
ean Society for Medical Oncology guidelines as an alternative
anagement to neoadjuvant long-course chemoradiation.3 How-

ver, the utility of oxaliplatin as a component of consolidation
hemotherapy given after short-course radiotherapy has not been
valuated. It is worth exploring this issue because several ran-
omized studies have shown that the addition of oxaliplatin to
uoropyrimidine-based neoadjuvant long-course chemoradiation
esulted in increased toxicity with no benefit in long-term onco-
ogical outcomes.4–13 Therefore, the utility of oxaliplatin in the
etting of short-course radiotherapy/consolidation chemotherapy
an be questioned. However, consolidation chemotherapy after
hort-course radiotherapy is delivered in full systemic doses. Thus,
istant micrometastases can be eradicated. Moreover, the results
f the MOSAIC randomised study demonstrated that the addition
f oxaliplatin to fluoropyrimidine-based adjuvant chemotherapy
mproves survival in colon cancer.14 Thus, oxaliplatin may  also
rovide some benefit in the neoadjuvant short-course radiother-
py/consolidation chemotherapy setting.

The exploration of the utility of oxaliplatin was possible in
ur trial.15 During the first part of accrual, giving oxaliplatin was
andatory in the two study arms. However, evidence about the

ack of a benefit of adding oxaliplatin to fluoropyrimidine neoadju-
ant long-course chemoradiation was published during a study.4,5

herefore, in the second part of the accrual, oxaliplatin delivery
as left to the discretion of the local investigator. If a decision to

ontinue or to skip oxaliplatin was made, it had to be enforced in
ll subsequently enrolled patients in the two arms. This created
n opportunity for the comparison of treatment outcomes with
r without oxaliplatin. We  previously made this comparison using
he two pooled arms, which showed no benefit of adding oxali-
latin to fluoropyrimidine chemotherapy over fluoropyrimidine
hemotherapy alone in terms of radical surgery and pathologi-
al complete response (pCR) rates.14 Currently, using the updated
atients’ material, we aimed at evaluating the impact of oxaliplatin
ddition on early as well as long-term outcomes in the short-course
adiotherapy/consolidation chemotherapy arm.

. Material and methods

The study details were published previously.1,2,16 In short, the
ligibility criteria were as follows: primary cT4 or palpably fixed
T3 lesion or a locally recurrent rectal cancer (i.e., patients with
igh probability of positive surgical margin), pathologically proven
denocarcinoma, ≤75 years of age and World Health Organization
WHO) performance status ≤2. The threatened mesorectal fascia
iagnosed by magnetic resonance imaging (MRI) was  not used as
n eligibility criterion because of the long waiting time in Poland for
his examination during the study accrual. Between 2008 and 2014,
he patients were randomly assigned to receive either preopera-
ive 5 × 5 Gy irradiation over 5 consecutive days with three cycles
f sequential FOLFOX4 or preoperative long-course chemoradia-
ion with oxaliplatin, bolus 5-fluorouracil and leucovorin. Surgery
n both arms was scheduled about 6 weeks after the completion

f neoadjuvant treatment. The decision for delivery of adjuvant
hemotherapy and its schedule was left to the discretion of the
ttending physician. The trial was registered with ClinicalTrials.gov
NCT00833131).
y and Radiotherapy 25 (2020) 1017–1022

Only patients assigned to the short-course radiother-
apy/consolidation chemotherapy were included in the current
analysis. The FOLFOX4 regimen was defined as oxaliplatin
85 mg/m2 on day 1, leucovorin 200 mg/m2/day on days 1 and 2,
and 5-fluorouracil bolus 400 mg/m2/day followed by continuous
infusion 600 mg/m2/day on days 1 and 2, repeated every 2 weeks
(oxaliplatin group). The protocol was amended on January 2012
to allow for omitting oxaliplatin, but the schedule of delivering 5-
fluorouracil and leucovorin remained unchanged, i.e., de Gramont
schedule (fluoropyrimidine-only group).

Expertise and surgical skills are needed to perform major,
often exenterative, resections of fixed cT3, cT4 or locally recur-
rent tumours. Moreover, there is a large variation in standards and
outcomes between institutions.17 Therefore, to minimize the insti-
tutional influence as a confounding factor, we included only 14
institutions in our main intention-to-treat analysis where patients
were treated during both periods of accrual and received consoli-
dation chemotherapy with oxaliplatin before protocol amendment
and without oxaliplatin after amendment. That means we  included
only a subgroup of 136 patients (67 from the oxaliplatin group and
69 from the fluorouracil-only group) out of the total group of 261
eligible patients (Fig. 1). The remaining 125 patients were excluded,
mostly because they were treated at hospitals where oxaliplatin
had been given for two study periods.

In addition, we  performed two  following sensitivity analyses
in the total group of patients randomised to the short-course
radiotherapy/consolidation chemotherapy arm: i.e., an intention-
to-treat analysis of 261 patients (183 in the oxaliplatin group and
78 in the fluorouracil-only group) and a per-protocol analysis of
249 patients (178 from the oxaliplatin group and 71 from the
fluorouracil-only group) (Fig. A1).

We  compared categorical data using the chi-square test or
Fisher’s exact test and continuous data using Student’s t test or
the Mann–Whitney U test. The follow-up duration was measured
from randomisation. The binary logistic multivariable regression
model was  used in the analyses of odds of having radical surgery
or achieving pCR. Survival was  estimated by the Kaplan–Meier
method. Local failure, distant failure, or death was an event for
disease-free survival (DFS) estimation. The multivariable Cox’s pro-
portional hazards model was  used to compare differences in overall
survival (OS) and DFS. Local failure was defined either as no tumour
resection or as R2 resection or as local recurrence after R0-1 resec-
tion. Local failure and distant metastases were recorded when they
occurred at any time, i.e., not only as the first event. The analysis of
local or distant failure was  reported as a cumulative incidence con-
sidering death as a competing risk. The differences were compared
in the multivariable analysis using a competing risk regression. All
tests were two-sided. The data were analysed with IBM SPSS Statis-
tics software (version 20 for Linux; IBM SPSS Inc., Armonk, NY, USA)
and R software (www.r-project.org).

3. Results

Pretreatment pelvic MRI  examination was less frequently per-
formed in the oxaliplatin group (Table 1). Their tumours were more
advanced and WHO  performance score worse compared to the
fluorouracil-only group. Of the patients who had tumour resection,
adjuvant chemotherapy was  given in 40% of the oxaliplatin group
vs. 43% of the fluorouracil-only group. In the oxaliplatin group,
adjuvant chemotherapy included oxaliplatin more often than in
the fluorouracil-only group (Table 2). The types of chemotherapy

delivered for recurrences are unknown because these data were
not collected.

Grade 3 or higher acute toxicity occurring during the whole
neoadjuvant treatment was observed in 30% (20 of 67) of the

http://www.r-project.org/
http://www.r-project.org/
http://www.r-project.org/
http://www.r-project.org/
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Fig. 1. Flow diagram.

Table 1
Patient characteristics.

Oxaliplatin group n = 67 (%) Fluorouracil-only group n = 69 (%) p-value

Gender 0.30
Female 24 (36%) 19 (28%)
Male 43 (64%) 50 (72%)
Age  in years, median (IQR) 60.5 60.6 0.83
Pre-treatment pelvic MRI  0.025
Yes  38 (57%) 51 (75%)
No  29 (43%) 17 (25%)
No  data 1

Type  of tumour 0.042
Fixed  cT3 16 (24%) 29 (42%)
cT4  47 (70%) 39 (57%)
Recurrent 4 (6%) 1 (1%)
WHO  performance score 0.021
0  21 (31%) 38 (55%)
1  42 (63%) 28 (41%)
2  4 (6%) 3 (4%)
Distance between tumour and the anal verge in cm 0.29
0-5  40 (60%) 35 (51%)
>5-10 27 (40%) 34 (49%)
>10-15 0 0

N
I

p
fl
d
a
r
p

umbers in the table denote number of patients (%) unless otherwise stated.
QR  - interquartile range.

atients in the oxaliplatin group vs. 16% (11 of 69) in the
uorouracil-only group (p = 0.053). There was  one (1.5%) toxic

eath related to the neoadjuvant treatment in the oxaliplatin group
nd one (1.5%) in the fluorouracil-only group. Chemotherapy dose
eduction or cycle delay was more often needed in the oxali-
latin group than in the fluorouracil-only group (Table 2). The
interval between completion of chemotherapy and surgery was  6
days shorter in the oxaliplatin group than in the fluorouracil-only

group. The proportion of patients having radical surgery (defined as
tumour resection with >1 mm negative circumferential margin and
negative distal bowel margin) was  72% (48 of 67) in the oxaliplatin
group vs. 77% (53 of 69) in the fluorouracil-only group (odds ratio
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Table  2
Intention-to-treat analysis of events.

Oxaliplatin group n = 67 Fluorouracil-only group n = 69 P-value

Consolidation chemotherapy dose reduction or cycle delay 0.016
No
Yes

31  (46%)
36 (54%)

46 (67%)
23 (33%)

Interval between completion of chemotherapy and surgery in weeks, median (IQR) 5.2 (4.7–6.4) 6.0 (5.2–7.4) 0.009
Adjuvant chemotherapy 0.78

No
Yes
No  data
No applicable, no tumour resection

31 (60%)
21 (40%)
4
11

29 (57%)
22 (43%)
5
13

Type of adjuvant chemotherapy 0.001
Oxaliplatin-based
Fluoropyrimidine-based
No  data
No applicable, no chemotherapy or no tumour resection

14 (70%)
6 (30%)
5
42

3 (15%)
17 (85%)
7
42

Vital status
Alive
Dead

36 (54%)
31 (46%)

38 (55%)
31 (45%)

Local  failure or distant metastases or death (disease-free survival events)
No
Yes

30 (45%)
37 (55%)

30 (44%)
39 (56%)

Locoregional status
Locoregional control
No tumour resection or R2 resection
Pelvic recurrence alone after radical resection
Pelvic recurrence + distant metastases after radical resection

44 (66%)
11 (16%)
5 (8%)
7 (10%)

43 (62%)
13 (19%)
6 (9%)
7 (10%)

Distant metastases
No
Yes

45 (67%)
22 (33%)

45 (65%)
24 (35%)

Numbers in the table denote number of patients (%) unless otherwise stated.
I
P  performed taking into account time of events occurrence (Kaplan-Meier and cumulative
i
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QR - interquartile range.
-value was  not given for long-term oncological events because statistical tests were
ncidence analyses).

OR] = 0.88; 95% confidence interval [CI]: 0.39–1.98; p = 0.75), after
ccounting in the multivariable analysis for institution and imbal-
nce in the proportion of patients in respect to their cT-category
nd WHO  performance score. The corresponding numbers for pCR
ypT0N0) were 15% (10 of 67) vs. 7% (5 of 69) (OR = 2.25; 95% CI:
.83–6.94; p = 0.16) in the intention-to-treat analysis and 18% (10
f 56) vs. 9% (5 of 56) in the patients having their tumour resected.

The median follow-up was 7.7 years (minimum = 6.6 years;
nterquartile range [IQR] = 7.1–8.8 years) in the oxaliplatin group
nd 5.6 years (minimum = 4.6 years; IQR = 5.0–6.3 years) in the
uorouracil-only group. None of the patients was lost to follow-
p regarding vital status. The missing information in this respect
as completed from the national registry. The row proportions

f events are shown in Table 2. No differences were observed
n the long-term oncological outcomes between the oxaliplatin
nd fluorouracil-only groups. At 5 years, OS was  63% (95% CI:
2%–74%) in the oxaliplatin group vs. 56% (95% CI: 44%–68%) in
he fluorouracil-only group (log-rank p = 0.78) (Fig. 2). The corre-
ponding numbers for DFS were 49% (95% CI: 37%–61%) vs. 44%
95% CI: 32%–56%) (log-rank p = 0.59) (Fig. 3). The proportional
azard assumption for analysed groups was violated for both OS
nd DFS. For this reason, the Cox’s model was stratified by oxali-
latin delivery. The analysis did not demonstrate that institution,
T-category and WHO  performance score have an impact on OS or
FS. Hence, we considered Kaplan–Meier estimations and log-rank
-values presented above as a valid measure of association between
xaliplatin delivery and survival.

The cumulative incidence of distant metastases at 5 years was
3% in the oxaliplatin group vs. 33% in the fluorouracil-only group
Fig. 4). After considering institution and imbalance in respect to cT-

ategory and WHO  performance score in the multivariable analysis,
azard ratio [HR] was 0.78 (95% CI: 0.43–1.40; p = 0.41). The corre-
ponding numbers for cumulative incidence of local failure were
3% vs. 38% (Fig. A2) (HR = 0.89; 95% CI: 0.52–1.52; p = 0.68).
Fig. 2. Overall survival.

The results of the sensitivity intention-to-treat analysis per-
formed in the total group of patients assigned to the short-course
radiotherapy/consolidation chemotherapy arm were not much
different from those presented above (Tables A1 and A2). The pro-
portion of patients having radical surgery was  79% in the oxaliplatin
group vs. 74% in the fluorouracil-only group (p = 0.44). At 5 years,
OS was 61% (95% CI: 54%–68%) in the oxaliplatin group vs. 56%
(95% CI: 45%–67%) in the fluorouracil-only group (log-rank p = 0.69)
(Fig. A3). The corresponding numbers for DFS were 48% (95% CI:
41%–55%) vs. 45% (95% CI: 34%–56%), (log-rank p = 0.62), respec-
tively (Fig. A4). The cumulative incidence of distant metastases was
34% vs 31% (HR = 1.09; 95% CI: 0.69–1.73; p = 0.72), respectively

(Fig. A5). Finally, the numbers for local failure were 31% vs 37%
(HR = 0.82; 95% CI: 0.54–1.25; p = 0.35), respectively (Fig. A6). The
similar per-protocol analysis demonstrated that the results were
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Fig. 3. Disease-free survival. The curves do not start at 1 because the lack of tumour
resection or R2 resection was considered to be a local failure at time 0.
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nly slightly different from those presented above for intention-to
reat analyses (data not shown).

. Discussion

Our analysis suggests that the addition of oxaliplatin to
hree cycles of consolidation fluoropyrimidine chemotherapy after
hort-course irradiation does not result in clinically meaningful
ong-term oncological benefit. In addition, the use of oxaliplatin
ncreases acute toxicity. For the above reasons, our results suggest
mitting oxaliplatin from consolidation chemotherapy delivered
fter short-course irradiation to avoid unnecessary adverse effects.
o our knowledge, this is the first study exploring the utility of
xaliplatin as a component of neoadjuvant chemotherapy com-
ined with neoadjuvant radiotherapy.

Similarly, the absence of survival benefit from oxaliplatin addi-
ion was demonstrated by most of the randomised trials comparing
ong-course chemoradiation given with or without oxaliplatin4–12

nd by a meta-analysis of these trials.13 An extrapolation of this
nding to the setting of three cycles of neoadjuvant chemotherapy

iven after short-course radiotherapy supports our suggestion.

However, the pCR rate was numerically about twofold higher
n the oxaliplatin group than in the fluorouracil-only group (15%
s. 7%, respectively; p = 0.16). A higher rate of pCR after using
y and Radiotherapy 25 (2020) 1017–1022 1021

oxaliplatin was also demonstrated by the meta-analysis compar-
ing long-course chemoradiation given with or without oxaliplatin
(18.3% vs 14.8%, respectively; p = 0.002).13 Notably, despite the
improvement in the pCR rate observed after the addition of
oxaliplatin, no subsequent improvement in oncological long-term
outcomes was  observed, which provides further evidence show-
ing that the pCR rate is not a surrogate endpoint for survival.18

Nevertheless, because a higher rate of disease sterilization is
expected, the addition of oxaliplatin to fluoropyrimidine consol-
idation chemotherapy is worth considering if the treatment uses a
watch-and-wait strategy.

Neoadjuvant chemotherapy combined with neoadjuvant
radio(chemo)therapy is gaining attention.19–23 Neoadjuvant
chemotherapy has two  aims: to enhance a local efficacy of radio-
therapy and to more effectively eradicate distant micrometastases
compared to adjuvant chemotherapy. Chemotherapy focused
on the enhancement of local efficacy is given for a short period
of time,2,23 whereas chemotherapy that is focused on dis-
tant micrometastases eradication (named as total neoadjuvant
chemotherapy) is given for a prolonged period.22 Three cycles
(6 weeks) of oxaliplatin may  not reduce the rate of distant
metastases, as suggested by our analysis, but if oxaliplatin was
to be given for a prolonged period of time, such an effect could
be revealed. Two  other randomised trials explored short-course
radiotherapy combined with sequential neoadjuvant oxaliplatin-
based chemotherapy lasting 12 weeks in the STELLAR trial20

and 18 weeks in the RAPIDO trial.22 The final publications of
these trials should show whether neoadjuvant oxaliplatin-based
chemotherapy is beneficial if given for a prolonged period of time.

Oxaliplatin delivery was  not randomised in our study and the
results are based on unplanned analysis in the subgroups, which
are not equal in their baseline characteristics. Many patients did
not have a pelvic MRI. Moreover, the risk of type II error (false neg-
ative result) is high because the sample size was small. Therefore,
the level of evidence for our finding is low. Hence, our results are
useful only for hypothesis generation. However, a sensitivity anal-
ysis of the larger sample size provided results consistent with the
main analysis, which strengthens our suggestion that the addition
of oxaliplatin did not result in clinically meaningful improvement
in long-term outcomes. Another limitation is the shorter follow-up
time in the fluoropyrimidine-alone group than in the oxaliplatin
group. Furthermore, it is unknown whether chemotherapy given
for recurrences were similar in the two  groups. The absence of qual-
ity control for the neoadjuvant treatment, surgery and pathology
should also be acknowledged. The strength of our analysis is the
treatment of the patients in the framework of the prospective study
with rigorous protocol requirements for treatment and follow-up.
Despite the above limitations, we believe that our findings are of
value for clinical practice.

5. Conclusion

Our results do not support adding oxaliplatin to three cycles of
consolidation chemotherapy delivered after short-course irradia-
tion. However, the addition of oxaliplatin may be beneficial if the
treatment goal is a watch-and-wait strategy for patients achieving
clinical complete response.
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