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  To the Editor, 

 According to the Dutch clinical practice guideline, 
the standard adjuvant treatment for patients with 
stage III colon cancer is a combination of fl uoroura-
cil, leucovorin and oxaliplatin (FOLFOX). Fluorou-
racil can be replaced by its oral analogue capecitabine, 
which provides similar overall survival, and is more 
convenient for the patient. The guideline also states 
that an adjuvant regimen without oxaliplatin, i.e. 
capecitabine monotherapy, can be considered in 
cases of advanced age or concomitant comorbidity. 
The effi cacy of these chemotherapy schemes has 
been established in clinical trials, which showed 
improved disease-free and overall survival [1 – 3]. 

 Population-based studies have shown that the 
administration of chemotherapy declines with 
increasing age [4 – 6]. For individual patients, there 
may be valid reasons to deviate from standard 
treatment, however, variations in treatment between 
hospitals or geographic regions after adjustment 
for patient casemix indicate that arguments for 
deviating from clinical guidelines are interpreted 
differently across hospitals [5 – 8]. 

 To date, the type of chemotherapy has often 
been ignored in population-based studies. Therefore, 
the current study evaluates which factors infl uence 
the administration of oxaliplatin-based chemo-
therapy as compared to non-oxaliplatin-based 
chemotherapy for patients with stage III colon 
cancer treated in daily clinical practice.   

 Patients and methods 

 Data from the Eindhoven Cancer Registry (ECR) 
were used. The ECR is a population-based registry 
that collects data on all newly diagnosed cancer 
patients in the southern Netherlands. The registry 
area comprises about 2.4 million inhabitants 
and encompasses six pathology departments, 
10 community hospitals, and two radiotherapy 
institutions. Information on patient and tumour 
characteristics, diagnosis and treatment is routinely 
extracted from the medical records by trained 
administrators. The anatomical site of the tumour is 
registered according to the International Classifi ca-
tion of Disease  –  Oncology (ICD-O). The tumour-
node-metastasis (TNM) classifi cation is used 
for stage notifi cation of the primary tumour, accord-
ing to the edition valid at the time of cancer 
diagnosis. Socioeconomic status (SES), based on 
individual fi scal data on the economic value of the 
home and household income, is provided at an 
aggregated level for each postal code. Comorbidities 
are registered according to a slightly modifi ed 
version of the Charlson Comorbidity Index. 

 For the present study, patients who underwent 
resection only or who underwent resection and 
received adjuvant chemotherapy for primary colon 
cancer stage III (T any N 1 – 2 M 0 ) diagnosed between 
2008 and 2011 were included. Patients were excluded 
if they had received radiotherapy (n    �    20), neo-
adjuvant chemotherapy (n    �    6), local chemotherapy 
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(n    �    3) or targeted therapy (n    �    7). Stage was based 
on the pathological TNM classifi cation. Tumour 
localisation was categorised into three subsites: 
proximal colon (C18.0 – C18.5), distal colon (C18.6 –  
C18.7) and colon other/not otherwise specifi ed 
(C18.8 – C18.9). Patients were divided into age 
groups:  �    70, 70 – 74 and    �    75 years.  

 Statistical analyses 

 Differences in patient and tumour characteristics 
between patients receiving oxaliplatin-based 
chemotherapy, non-oxaliplatin-based chemotherapy 
and no chemotherapy were analysed using  χ  2 -tests. 
Differences in casemix between the hospitals were 
also analysed using  χ  2 -tests. Patients with unknown 
SES, comorbidity, T stage, subsite or differentiation 
grade were not excluded from the study population, 
but were not taken into account in the respective 
 χ  2  calculations. 

 After stratifi cation by age group, the observed 
proportions of patients receiving oxaliplatin and 
non-oxaliplatin-based chemotherapy were calcu-
lated for each hospital. The expected proportions of 
patients receiving oxaliplatin and non-oxaliplatin-
based chemotherapy were also calculated after 
stratifi cation by age group: a multivariable logistic 
regression model was used to calculate the chance 
of an individual patient receiving oxaliplatin and 
non-oxaliplatin-based chemotherapy, adjusted for 
gender, age, SES, comorbidity, T stage, N stage, 
subsite, differentiation grade and period of diagno-
sis. Based on these individual chances, the chance 
of receiving oxaliplatin and non-oxaliplatin-based 
chemotherapy was calculated for each hospital by 
taking the mean of all chances of the individual 
patients of each hospital. 

 After exclusion of patients who did not receive 
adjuvant chemotherapy, multivariable logistic regres-
sion analysis was conducted to assess the infl uence 
of several patient and tumour characteristics and 
hospital on the probability of the administration of 
oxaliplatin. 

 P-values below 0.05 were considered statistically 
signifi cant. SAS/STAT   ®    statistical software (SAS 
system 9.3, SAS Institute, Cary, NC, USA) was used 
for all analyses.    

 Results 

 The study population consisted of 1140 patients. 
Overall, 47% of the patients received oxaliplatin-
based chemotherapy, 13% received non-oxaliplatin-
based chemotherapy and 40% received no 
chemotherapy. Table I shows the general character-
istics of the study population by adjuvant treatment. 

  Table I. Characteristics of patients with resected stage III colon 
cancer, by adjuvant treatment (n    �    1140).  

OX
  (n    �    533)

  n (%)

nOX
(n    �    145)

n (%)

NoCT
(n    �    462)

n (%) p-value ∗ 

 Gender 
  Male
  Female

  302 (57)
  231 (43)

  77 (53)
  68 (47)

  228 (49)
  234 (51)

0.070

 Age 
   �    70
  70 – 74
      �    75

  413 (77)
  84 (16)
  36 (7)

  49 (34)
  29 (20)
  67 (46)

  69 (15)
  62 (13)

  331 (72)

 �    0.0001

 SES 
  Low
  Intermediate
  High
  Institutions
  Unknown

  83 (16)
  226 (43)
  194 (36)
  13 (2)
  17 (3)

  33 (23)
  59 (40)
  39 (27)
  4 (3)

  10 (7)

  142 (31)
  151 (32)
  119 (26)
  27 (6)
  23 (5)

 �    0.0001

 Comorbidity 
  0
  1
      �    2
  Unknown

  231 (43)
  144 (27)
  150 (28)

  8 (2)

  43 (30)
  40 (27)
  61 (42)
  1 (1)

  84 (18)
  98 (21)

  269 (58)
  11 (3)

 �    0.0001

 T stage 
  1
  2
  3
  4
  Unknown

  7 (1)
  56 (11)

  395 (74)
  41 (8)
  34 (6)

  9 (6)
  14 (10)

  104 (72)
  12 (8)
  6 (4)

  7 (2)
  37 (8)

  332 (72)
  42 (9)
  44 (9)

0.013

 N stage 
  1
  2

  345 (65)
  188 (35)

  100 (69)
  45 (31)

  333 (72)
  129 (28)

0.045

 Subsite 
  Proximal colon
  Distal colon
  Other/NOS

  266 (50)
  258 (48)

  9 (2)

  89 (61)
  55 (38)
  1 (1)

  277 (60)
  177 (38)

  8 (2)

0.002

 Differentiation 
grade 

  Well/moderate
  Poor/undifferentiated
  Unknown

  399 (75)
  105 (20)
  29 (5)

  105 (72)
  32 (22)
  8 (6)

  301 (65)
  125 (27)
  36 (8)

0.010

 Period of diagnosis 
  2008 – 2009
  2010 – 2011

  263 (49)
  270 (51)

  88 (61)
  57 (39)

  207 (45)
  255 (55)

0.004

    NoCT, no chemotherapy; nOX, non-oxaliplatin-based 
chemotherapy; OX, oxaliplatin-based chemotherapy.
 ∗ p-value indicates signifi cance of the  χ  2 -test.   

 With regard to casemix in the hospitals, SES and 
N stage differed signifi cantly between the hospitals 
(p    �    0.007 and p    �    0.048, respectively). Gender, 
age, comorbidity, subsite, differentiation grade and 
period of diagnosis did not differ signifi cantly between 
hospitals. 

 Figure 1 shows the observed and expected pro-
portions of patients receiving oxaliplatin and 
non-oxaliplatin-based chemotherapy by hospital of 
treatment and stratifi ed according to age group. 

 For patients aged    �    70 years, the observed 
proportions of patients receiving oxaliplatin varied 
from 63% to 87% between the different hospitals 
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  Figure 1.     Observed and expected proportions of patients receiving oxaliplatin-based chemotherapy (dotted dark grey) and non-
oxaliplatin-based chemotherapy (shaded light grey) among patients with resected stage III colon cancer, by hospital of treatment and age 
group; expected proportions based on casemix adjustment for gender, age, SES, comorbidity, T stage, N stage, subsite, differentiation 
grade and period of diagnosis (A: n    �    531; B: n    �    175; C: n    �    434).  

( Δ     �    24%), whereas the expected proportions of 
patients receiving oxaliplatin ranged from 76% to 
79% ( Δ     �    3%). Similarly, the observed proportions 
of patients receiving non-oxaliplatin varied between 
3% and 20% ( Δ     �    17%), whereas the expected 
proportions ranged from 9% to 10% ( Δ     �    1%). 

 In patients aged 70 – 74 years, the observed pro-
portions receiving oxaliplatin varied from 15% to 
100% between hospitals ( Δ     �    85%), whereas the 
expected proportions ranged between 41% and 
61% ( Δ     �    20%). Observed proportions receiving 
non-oxaliplatin ranged from 0% to 29% ( Δ     �    29%), 

whereas expected proportions varied between 14% 
and 18% ( Δ     �    4%). 

 For patients aged  �    75 years, observed propor-
tions of patients receiving oxaliplatin ranged from 
0% to 19% ( Δ     �    19%), whereas the expected 
proportions varied between 7% and 10% ( Δ     �    3%). 
With respect to patients receiving non-oxaliplatin, 
observed proportions ranged between 0% and 
28% ( Δ     �    28%), whereas the expected proportions 
varied from 13% to 18% ( Δ     �    5%). 

 In the subgroup of patients treated in the 
adjuvant setting, large inter-hospital variation in the 
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addition of oxaliplatin was noted, ranging from 
76% to 96% for patients aged  �    70 years, from 
33% to 100% for patients aged 70 – 74 years, and 
from 0% to 100% for patients aged    �    75 years. 

 Table II presents the crude percentages and 
adjusted odds ratios for receipt of oxaliplatin 
among patients treated with adjuvant chemotherapy. 
Patients treated in hospital G and I were less 
likely to receive oxaliplatin than patients treated in 
hospital C (adjusted OR for G vs. C 0.35, 95% CI 
0.14 – 0.85; adjusted OR for I vs. C 0.26, 95% CI 
0.10 – 0.69). Furthermore, older patients, patients 
with a T1 stage and patients diagnosed in 2008 – 
2009 were also less likely to receive oxaliplatin.   

 Discussion 

 The current study showed that although the 
casemix was similar in all hospitals and the expected 
proportions of patients receiving oxaliplatin there-
fore varied little between hospitals, the observed 
proportions of patients receiving oxaliplatin varied 
greatly between hospitals. In the multivariate analy-
sis, patients from two hospitals had decreased odds 
of receiving oxaliplatin. Although the addition of 
oxaliplatin improves disease-free and overall 
survival, this improvement is rather limited [2,9]. 
Additionally, the administration of oxaliplatin is 
associated with more toxicity and more inconve-
nience due to the need for intravenous administra-
tion [3]. These factors are likely taken into account 
by medical oncologists. A study recently found that 
physician and hospital characteristics had little 
infl uence on the receipt of adjuvant oxaliplatin 
among patients aged  �    65 years [10]. However, 
another study found that patients in rural regions 
were less likely to receive oxaliplatin-containing che-
motherapy than patients from large metropolitan 
regions [11]. The wide variation among hospitals in 
chemotherapy administration and type of chemo-
therapy demonstrated in the present study under-
scores the infl uence of institutional factors and local 
practice patterns in determining the administration 
and type of adjuvant chemotherapy. Data on the 
infl uence of physicians and practice settings on the 
prescription of adjuvant systemic treatment in gen-
eral are scarce. In 2009, a population-based study 
showed that elderly women with breast cancer 
treated by oncologists in a private practice were 
more likely to receive adjuvant chemotherapy. This 
was presumed to be related to patient volume; 
oncologists in private practices generally had a 
higher patient volume, translating into a greater 
comfort level in treating patients [12]. Other factors 
hypothesised by the authors to play a role in daily 
practice are clinical tradition, age of the medical 

  Table II. Crude percentages and odds ratios a  for receipt of 
oxaliplatin-based adjuvant chemotherapy among patients with 
stage III colon cancer treated with adjuvant chemotherapy 
(n    �    678).  

Crude % Odds ratio (95% CI)

 Gender 
  Male
  Female

  80
  77

  1.00 (reference)
  1.08 (0.69 – 1.72)

 Age 
   �    70
  70 – 74
      �    75

  89
  74
  35

  1.00 (reference)
  0.37 (0.21 – 0.64)
  0.06 (0.03 – 0.11)

 SES 
  Low
  Intermediate
  High
  Institutions
  Unknown

  72
  79
  83
  76
  63

  1.00 (reference)
  1.24 (0.68 – 2.29)
  1.47 (0.76 – 2.83)
  0.43 (0.11 – 1.62)
  0.82 (0.27 – 2.45)

 Comorbidity 
  0
  1
      �    2
  Unknown

  84
  78
  71
  89

  1.00 (reference)
  0.91 (0.51 – 1.61)
  0.86 (0.49 – 1.49)
  0.95 (0.11 – 8.48)

 T stage 
  1
  2
  3
  4
  Unknown

  44
  80
  79
  77
  85

  0.15 (0.04 – 0.50)
  1.08 (0.50 – 2.36)
  1.00 (reference)
  1.79 (0.74 – 4.33)
  1.68 (0.54 – 5.16)

 N stage 
  1
  2

  78
  81

  1.00 (reference)
  1.18 (0.72 – 1.93)

 Subsite 
  Proximal colon
  Distal colon
  Other/NOS

  75
  82
  90

  1.00 (reference)
  1.40 (0.87 – 2.26)
  2.07 (0.22 – 19.06)

 Differentiation grade 
  Well/moderate
  Poor/undifferentiated
  Unknown

  79
  77
  78

  1.00 (reference)
  0.90 (0.51 – 1.60)
  1.14 (0.42 – 3.09)

 Period of diagnosis 
  2008 – 2009
  2010 – 2011

  75
  83

  1.00 (reference)
  2.08 (1.26 – 3.44)

 Hospital of treatment 
  A
  B
  C
  D
  E
  F
  G
  H
  I
  J

  84
  90
  92
  82
  75
  81
  67
  74
  64
  69

  0.59 (0.20 – 1.75)
  1.82 (0.50 – 6.59)
  1.95 (0.70 – 5.47)
  1.00 (reference)
  0.54 (0.22 – 1.31)
  0.93 (0.37 – 2.33)
  0.35 (0.14 – 0.85)
  0.53 (0.22 – 1.26)
  0.26 (0.10 – 0.69)
  0.39 (0.15 – 1.04)

     a Adjusted for all variables listed.   

specialists, multidisciplinary team meetings, involve-
ment of medical specialists in scientifi c research 
and the teaching status of the hospital. 

 The range of observed proportions of patients 
receiving oxaliplatin among hospitals was found to 
vary more for patients aged  �    75 years than for 
patients aged    �    70 years. Despite the signifi cant 
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proportion of elderly patients with colon cancer in 
clinical practice, the elderly are often excluded from 
clinical trials. Approximately 50% of patients with 
colon cancer are aged  �    70 years, but only 16% of 
patients enrolled in trials were    �    70 years [13]. 
Since data on the effects of adjuvant chemotherapy 
in patients aged    �    75 years is scarce, it is impossible 
for guidelines to advise on adjuvant chemotherapy 
for patients over 75 years of age and even more 
complicated to indicate who is eligible for platinum-
based regimens, leaving this decision up to the 
physicians ’  judgement. However, a pooled analysis 
using data from randomised trials compared the 
effi cacy of adjuvant chemotherapy for elderly and 
non-elderly patients and found that the effi cacy of 
FOLFOX with regard to disease-free and overall 
survival was similar for patients aged less than 
70 years and patients aged 70 years or older [13]. 
This confi rms that older patients fi t enough to meet 
clinical trial eligibility criteria derive the same ben-
efi t from adjuvant chemotherapy as younger trial 
participants. However, whether the addition of 
oxaliplatin offers additional benefi t to patients aged 
   �    75 years remains unclear, as the available data are 
confl icting [9,13 – 16]. A previous study suggested 
that physicians consider the eligibility criteria of the 
MOSAIC trial (i.e. age  �    75 years, Karnofsky 
performance score  �    60, and adequate blood counts 
and liver and kidney function) when deciding on 
the prescription of oxaliplatin [17]. Uncertainty 
remains over whether the lower rates of oxaliplatin 
observed in elderly patients represent justifi ed 
clinical judgement or undertreatment. Moreover, 
this observational study cannot answer to what 
degree the older patients not treated adjuvantly 
might also have tolerated and benefi ted from the 
administration of adjuvant chemotherapy. 

 A limitation of our study is that detailed informa-
tion on patients ’  health status and nutritional status is 
lacking. ECOG performance status, for example, has 
previously been demonstrated to infl uence the admin-
istration of oxaliplatin [18]. However, the results of 
our study indicate that casemix did not differ between 
hospitals so this cannot explain the large variation in 
adjuvant (oxaliplatin-based) chemotherapy adminis-
tration found between hospitals. Another limitation of 
our study is that for those patients receiving adjuvant 
chemotherapy, additional information on the number 
of (oxaliplatin-based) cycles administered, dose sched-
ules used and dose modifi cations were not available. 
Previous research showed that approximately 30% of 
stage III colon cancer patients discontinued adjuvant 
therapy after less than three months despite recom-
mendations to continue for six months [18]. Addition-
ally, older patients are more likely than their younger 
counterparts to discontinue oxaliplatin early [19]. 

 In conclusion, the decision to administer oxalip-
latin does not only depend on predictable factors 
such as age and T stage, but also on the hospital. 
The impact of hospital variation in type of adjuvant 
chemotherapy on outcomes such as toxicity, disease-
free survival and quality of life needs to be further 
elucidated in population-based studies.     
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                             Durable stabilization of three chordoma cases by bevacizumab 
and erlotinib      
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 To the Editor, 

 Chordomas are rare tumors that arise from the vesti-
gial or ectopic notochord, with an incidence of 0.5 to 
0.8 per 1 000 000 [1,2]. About 50% originate from 
the sacrococcygeal region, 30% from the skull base 
and 15% from vertebral bodies [3]. A complete surgi-
cal resection is still considered the gold standard for 
treatment, when feasible. When this is not possible, 
high dose radiotherapy is often recommended [4]. 
Medical treatment has also been evaluated, but has 
mainly been reported as case studies. The rationale for 

using drugs that interact with epidermal growth factor 
receptor (EGFR) is accumulating preclinical evidence 
that EGFR signaling is important in chordoma [5–7]. 
A few case reports have also indicated that EGFR 
inhibition may be of value in treating chordomas 
[8–11]. Although reliable data is limited, some reports 
support the hypothesis that regulators of angiogenesis, 
such as vascular endothelial growth factor (VEGF) 
and HIF-1 α  [8,12,13], play a role in the development 
of chordoma. In addition, imatinib has demonstrated 
clinically interesting effects in locally advanced tumors 
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