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Abstract
AIM: To establish whether chemotherapy-induced neu-
tropenia is predictive of better outcome in patients with 
metastatic colorectal cancer (mCRC).

METHODS: Survival and patient characteristics from 
consecutive mCRC patients treated in the Centre 
Georges Francois Leclerc, Dijon, France between Janu-
ary 2001 and December 2011 were analyzed. Patient 
and tumor characteristics, hematological toxicity (neu-
tropenia, anemia, and thrombocytopenia), and type of 
chemotherapy received were recorded. 

RESULTS: We retrospectively analyzed data from 399 
consecutive patients with mCRC who received at least 
one line of chemotherapy. Median follow up was 6.3 

years. Eighty-eight percent of the patients received 
more than two lines of chemotherapy. By univari-
ate analysis, whatever their grade, neutropenia and 
thrombocytopenia occurring during the first two lines 
of chemotherapy were significantly associated with bet-
ter overall survival (HR = 0.55, 95%CI: 0.43-0.70, P  < 
0.0001 and HR = 0.70, 95%CI: 0.56-0.88, P  = 0.025 
respectively). In contrast, anemia during chemotherapy 
was significantly associated with poorer overall survival 
(HR = 1.9, 95%CI: 1.22-2.97, P  = 0.005). Multivariate 
analysis revealed that both neutropenia and thrombocy-
topenia were significantly associated with better overall 
survival: HR = 0.43, 95%CI: 0.29-0.64, P  < 0.0001 and 
HR = 0.69, 95%CI: 0.49-0.98, P  = 0.036, respectively.

CONCLUSION: These data suggest that occurrence 
of neutropenia or thrombocytopenia during first- or 
second-line chemotherapy for mCRC is associated with 
better survival. 

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: Using a retrospective database of 399 pa-
tients we aimed to establish whether chemotherapy-
induced cytopenia was predictive of better outcome in 
patients with metastatic colorectal cancer. We observed 
that occurrence of neutropenia and thrombocytopenia 
was associated with better outcome, while occurrence 
of anemia was associated with poorer outcome.
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INTRODUCTION
In patients with unresectable metastatic colorectal can-
cer (mCRC), there is no curative option, but treatment 
with palliative systemic chemotherapy has been shown to 
improve overall survival (OS)[1]. Currently available thera-
peutic options rely on three major cytotoxic agents: fluo-
ropyrimidine, oxaliplatin and irinotecan, associated with 
targeted therapies [anti-epidermal growth factor receptor 
(EGFR) (panitumumab and cetuximab) or anti-vascular 
endothelial growth factor (bevacizumab) monoclonal anti-
bodies]. Five-year OS in patients diagnosed with unresect-
able distant metastases is -10%[2-4]. In contrast, when me-
tastases can be surgically removed, 5-year OS increases to 
50%[5]. OS seems to be increasing in recent clinical studies, 
probably because of  the wider use of  polychemotherapy 
and the routine addition of  targeted therapies[6-8].

Many reports[9-14] have suggested that neutropenia oc-
curring during anticancer cytotoxic chemotherapy could 
be a marker of  treatment effectiveness, reflecting cyto-
toxic drug exposure. Accordingly, chemotherapy-induced 
neutropenia has previously been associated with better 
survival in many cancer types, both in adjuvant and 
metastatic settings. Indeed, myelosuppression induced by 
chemotherapy might be a direct reflection of  cytotoxic 
activity, representing a biological measure of  drug effec-
tiveness, and could thus predict treatment efficacy. Usu-
ally, the recommended dosage of  chemotherapy is deter-
mined on the basis of  dose-finding phase Ⅰ trials. Such 
studies determine the toxic profiles of  cytotoxic agents 
in a small number of  patients, but do not take into ac-
count the inter-individual variability of  drug metabolism. 
In the currently available literature, only one small retro-
spective study observed a significant association between 
neutropenia and colorectal cancer survival[15].

However, most of  these studies[9-14] only focused on 
neutropenia, and did not take in account information on 
other hematological toxicity such as thrombocytopenia 
or anemia.

In this report, we describe a retrospective analysis of  
399 consecutive patients with mCRC treated by chemo-
therapy, in order to evaluate associations between OS 
and hematological toxicity (i.e., neutropenia, thrombocy-
topenia and anemia) occurring during the first two lines 
of  chemotherapy.

MATERIALS AND METHODS
Patients
From January 2001 to December 2011, 399 consecu-
tive patients with histologically proven mCRC received 
first-line chemotherapy at the Centre Georges-François 
Leclerc (Dijon, France), and were prospectively recorded 
in an institutional clinical database. This study was ap-
proved by our institutional review board and all data 
were rendered anonymous.

Statistical analysis
All patients were followed up until death or the end of  

data recording (December 31, 2011). The primary end-
point was OS, defined as the time from date of  diagnosis 
until death of  any cause, or December 31, 2011, which-
ever occurred first. Survivors were censored at last fol-
low-up. Median follow-up with its 95%CI was calculated 
using the reverse Kaplan-Meier method. The association 
between hematological toxicity (neutropenia, thrombo-
cytopenia, or anemia) and patient or disease characteris-
tics were examined using the χ 2 test or Fisher’s exact test for 
qualitative variables, and the Student t or Mann-Whitney 
test for continuous variables, as appropriate. Hemato-
logical toxicities were only considered if  they occurred 
during the first two lines of  chemotherapy, because data 
obtained thereafter could be biased due to inherent lon-
ger survival of  these patients, and the classical problem 
of  immortal time bias[16].

Survival probabilities were estimated using the Ka-
plan-Meier method and survival curves were compared 
using the log-rank test. Hazard ratio (HR) and 95%CI 
for univariate and multivariate analyses of  OS were 
estimated using Cox’s proportional hazards regression 
with a backward elimination procedure. All predictors 
with P < 0.10 by univariate analysis were retained in the 
multivariate models. To prevent colinearity, when two 
variables were significantly correlated, only the more in-
formative of  the two was retained according to its clini-
cal relevance, or according to the value of  the likelihood 
ratio. Variables included in uni- and multivariate analyses 
were: neutropenia, thrombocytopenia and anemia dur-
ing the two first lines of  chemotherapy (occurrence or 
no occurrence), location of  the primary tumor (colon 
or rectum), bevacizumab use, anti-EGFR use, number 
of  metastatic sites (1 vs ≥ 2), age (< 75, vs ≥ 75 years), 
sex, serum carcinoembryonic antigen (CEA) (< 200 vs 
≥ 200 ng/mL), leukocyte count, serum level of  alkaline 
phosphatase (ALP) (< 300 vs ≥ 300 IU/L) and lactate 
dehydrogenase (LDH) (median value used as cutoff  val-
ue), WHO performance status (0 vs 1-4), primary tumor 
surgery, metastases resection, number of  chemotherapy 
lines (1 or 2 vs ≥ 3) and molecules (1-3). Multivariate 
Cox models were constructed with all predictors with P 
< 0.10 in univariate analysis, carried out by the backward 
elimination procedure. To handle missing data, we per-
formed Cox regression using multiple imputations[17].

Routine blood counts were taken during every chemo-
therapy cycle, usually the day before treatment. Hemato-
logic toxicity was graded according to the National Cancer 
Institute Common Terminology Criteria for Adverse 
Events, version 3.0 [in detail anemia grade 1 (hemoglo-
bin; Hb < 10 g/dL), grade 2 (Hb: 8-10 g/dL), grade 3 
(Hb < 8 g/dL), grade 4 (life-threatening consequences); 
thrombocytopenia grade 1 (150000-75000/mm3), grade 2 
(75000-50000/mm3), grade 3 (50000-10000/mm3), grade 
4 (< 10000/mm3); neutropenia grade 1 (2000-1500/
mm3), grade 2 (1500-1000/mm3), grade 3 (1000-500/
mm3), grade 4 (< 500/mm3)]. For each type of  cytopenia, 
patients were divided into three categories: absent (grade 
0), mild (grades 1-2), and severe (grades 3-4).
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Statistical analyses were performed using SAS ver-
sion 9.3 (SAS Institute Inc., Cary, NC, United States). All 
tests were two sided, and P < 0.05 was considered statis-
tically significant.

RESULTS
Patients
The median follow-up at the time of  this analysis was 
6.3 years (95%CI: 5.6-7.4 years). Patient and tumor 
characteristics are described in Table 1. Treatment char-
acteristics are presented in Table 2. Most patients (88%) 
received more than two lines of  chemotherapy. Only 
3.5% received one line of  chemotherapy (fluropyrimi-
dine alone), 13.5% received only fluoropyrimidine and 
oxaliplatinum, and 4.5% received only fluorpyrimidine 
and irinotecan. In total, 78.5% received the three major 
drugs (oxaliplatin, irinotecan and fluoropyrimidine). The 
median number of  chemotherapy lines was four (range: 
1-8). Seventy-two percent of  patients received targeted 
therapy (35% received only anti-EGFR, 40% received 
only bevacizumab, and 25% received both). Thirty-eight 
percent of  the patients had metachronous and 62% had 
synchronous disease. We noted that 83% of  patients had 
liver metastases, 35% had lung metastases, and 12% had 
peritoneal carcinomatosis. Although 60% of  patients 
had only one tumor, most of  these had diffuse liver or 
lung involvement and less than half  could benefit from 
metastases surgery.

Hematological toxicity
In the whole population, neutropenia occurred in 71.2% 
of  the patients: 36.1% experienced grade 1-2 (mild) 
neutropenia, and 35.1% had grade 3-4 (severe) neutro-
penia during the first two lines of  chemotherapy. Most 
patients (91.7%) developed anemia. Among these, 71.3% 
developed grade 1-2 anemia and only 20.4% had grade 
3-4 anemia during the first two lines of  chemotherapy. 
Comparatively few patients developed thrombocytope-
nia during treatment (58.8%). Grade 1-2 thrombocyto-
penia occurred in 50.7% of  patients, and only 8.1% of  
patients experienced grade 3-4 thrombocytopenia. Most 
classical prognostic variables did not differ significantly 
between patients who had hematological toxicity and 
those who did not (Table 1). However, patients who ex-
perienced thrombocytopenia were significantly younger 
than those who did not (P < 0.001). Similarly, patients 
who experienced neutropenia were more frequently 
younger (P < 0.0001), had better performance status (P 
= 0.024), and more frequently had low alkaline phospha-
tase serum level at diagnosis (P = 0.023), compared with 
those without neutropenia (Table 1). Figure 1 shows the 
worst grade of  neutropenia, anemia and thrombocyto-
penia recorded at each cycle of  chemotherapy during the 
two first lines of  treatment in the 399 patients analyzed. 
Table 2 represents hematological toxicity in function of  
treatment received. Except for neutropenia, the use of  
anti-EGFR or bevacizumab was not associated with sig-

nificantly higher hematological toxicity. Neutropenia, but 
not thrombocytopenia or anemia, was more frequently 
experienced by patients who received all three major 
drugs (P < 0.0001, P = 0.053, P = 0.3), as compared to 
patients who received one or two drugs, or fewer than 
two lines of  chemotherapy (Table 2).

Relationship between hematological toxicity and 
prognosis
At the time of  analysis, 311 patients had died (77.9%). 
Patients who experienced at least one episode of  neu-
tropenia had significantly better outcome compared to 
those with no neutropenia in terms of  OS (log-rank test 
P < 0.0001) (Figure 2A). Similarly, patients who experi-
enced thrombocytopenia also had significantly better OS 
compared to patients that did not present with thrombo-
cytopenia during chemotherapy (log-rank test P = 0.008) 
(Figure 2B). In contrast, occurrence of  anemia was associ-
ated with poorer outcome (log-rank test P = 0.038) (Figure 
2C). Mild (grade 1-2) or severe (grade 3-4) toxicity had the 
same prognostic role for each hematological toxicity. Two 
hundred and four patients received FOLFOX (5-fluoro-
uracil plus oxaliplatin combination) alone or with targeted 
therapies; 113 patients received FOLFIRI (5-fluoroura-
cil plus irinotecan combination) alone or with targeted 
therapies; and 82 patients received monotherapy by fluo-
ropyrimidine alone or with targeted therapies as first-line 
treatment. We observed that neutropenia was a predictor 
of  better outcome in patients that received FOLFOX 
alone or with targeted therapies (mean OS of  27 mo in 
patients without neutropenia vs 47 mo in patients with 
neutropenia, P = 0.004), or in patients that received FOL-
FIRI alone or with targeted therapies as first-line therapy 
(mean OS of  28 mo in patients without neutropenia vs 41 
mo in patients with neutropenia, P = 0.04). Similar results 
were observed in patients treated with fluoropyrimidine 
alone or with targeted therapies as first-line therapy (mean 
OS of  22 mo in patients without neutropenia vs 34 mo in 
patients with neutropenia, P = 0.0005).

Univariate analysis of  factors associated with OS in-
dicated that among the classical prognostic factors, age 
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Figure 1  Worst grade of hematological toxicity (neutropenia, anemia, and 
thrombocytopenia) recorded during the first two lines of chemotherapy in 
metastatic colorectal cancer patients (n = 399).
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Table 1  Patient characteristics according to hematological toxicity in 399 consecutive patients with metastatic colorectal cancer  n  (%)

> 75 years, primitive colon (vs rectal) tumor, poor WHO 
status, CEA level > 200 ng/mL, multiple metastatic 
sites, initial anemia, high ALP or LDH serum levels, and 
high leukocyte count were also significantly associated 
with poorer OS (Table 3). As regards treatment-related 
variables, bevacizumab use, anti-EGFR use, resection of  
the primary tumor, resection of  metastases, and use of  
the three major cytotoxic drugs were also significantly 
associated with better survival (Table 3).

Multivariate analysis revealed that poor WHO status 
(P = 0.021), anemia during the first two chemotherapy 

lines (P = 0.029), multiple metastases locations (P = 
0.026), and high serum levels of  ALP (P = 0.007), or 
LDH (P < 0.001), were independently associated with 
poorer OS. On the contrary, resection of  the primary 
tumor (P < 0.001), resection of  metastases (P < 0.001), 
occurrence of  thrombocytopenia (P = 0.036) and neu-
tropenia (P < 0.001) were all independently associated 
with better OS (Table 3). Thrombocytopenia and neu-
tropenia were better correlated (r = 0.35) than anemia 
and neutropenia (r = 0.03), or anemia and thrombocyto-
penia (r = 0.04).
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All (n  = 399) Anemia (n  = 397) Neutropenia (n  = 396) Thrombopenia (n  = 396)

No (n  = 33) Yes (n  = 364) P No (n  = 114) Yes (n  = 282) P No (n  = 163) Yes (n  = 233) P
   Mean ± SD 65 ± 11 66.5 ± 10 64.9 ± 11.1 0.508 69 ± 11.7 63.5 ± 10.4 < 10-4 67.4 ± 11.2 63.4 ± 10.7 < 10-3

   Median 
(min-max)

65.5 (24.7-90.7) 67.8 (50-85.8) 65.5 (24.7-90.7) 69.6 (44.4-90.7) 63.5 (24.7-85.8) 67.5 (24.7-90.7) 63.5 (28.2-88.2)

Origin 0.994 0.622 0.392
   Colon 314   (79.1) 26  (78.8) 287   (78.8) 88 (77.2) 224 (79.4) 125 (76.7) 187 (80.3)
   Rectum   85   (21.4)   7  (21.2)   77   (21.2) 26 (22.8)   58 (20.6)   38 (23.3)   46 (19.7)
Gender 0.554 0.106 0.559
   Male 213   (53.4) 16  (48.5) 196   (53.8) 68 (59.6) 143 (50.7)   84 (51.5) 127 (54.5)
   Female 186   (46.6) 17  (51.5) 168   (46.2) 46 (40.4) 139 (49.3)   79 (48.5) 106 (45.5)
WHO PS 0.233 0.024 0.139
   0 134   (47.9) 16  (72.7) 117   (45.5) 26 (32.1) 107 (54.0)   49 (40.2)   84 (53.5)
   1 102   (36.4)   5  (22.7)   97   (37.7) 34 (42.0)   68 (34.3)   52 (42.6)   50 (31.8)
   2   33   (11.8)   1    (4.5)   32   (12.5) 16 (19.8)   17   (8.6)   14 (11.5)   19 (12.1)
   3     8     (2.9)   0       (0)     8     (3.1)   3   (3.7)     5   (2.5)     5   (4.1)     3   (1.9)
   4     3     (1.1)   0       (0)     3     (1.2)   2   (2.5)     1   (0.5)     2   (1.6)     1   (0.6)
   Missing 119 11 107 33   84   41   76
Metastatic 
sites

0.264 0.646 0.774

   Single 241   (60.6) 23  (69.7) 217   (59.8) 71 (62.3) 168 (59.8) 100 (61.3) 139 (59.9)
   Multiple 157   (39.4) 10  (30.3) 146   (40.2) 43 (37.7) 113 (40.2)   63 (38.7)   93 (40.1)
   Missing     1   0     1   0     1     0     1
Leucocyte 
count

0.151 0.337 0.501

   < 10000 219   (74.2) 20  (87.0) 198   (73.3) 60 (70.6) 158 (76.0)   89 (72.4) 129 (75.9)
   ≥ 10000   76   (25.8)   3  (13.0)   72   (26.7) 25 (29.4)   50 (24.0)   34 (27.6)   41 (24.1)
   Missing 104 10   94 29   74   40   63
ALP 0.138 0.023 0.344
   < 300 217   (81.0) 19  (95.0) 197   (79.8) 53 (71.6) 163 (84.5)   85 (78.0) 131 (82.9)
   ≥ 300   51   (19.0)   1    (5.0)   50   (20.2) 21 (28.4)   30 (15.5)   24 (22.0)   27 (17.1)
   Missing 131 13 117 40   89   54   75
Prior anemia < 10-4 0.103 0.763
   Grade 0 175   (44.8) 28  (84.8) 145   (40.7) 41 (38.0) 132 (47.1)   69 (42.3) 104 (45.2)
   Grade 
1-2-3-4

216   (55.2)   5 ( 15.2) 211   (59.3) 67 (62.0) 148 (52.9)   89 (54.6) 126 (54.8)

   Missing     8   0     8   6     2     5     3
CEA
   n 307 23 282 90 215 126 179
   Mean ± SD 455.3 ± 1979.3 43.7 ± 116.3 491.1 ± 2061.4 0.008 714.8 ± 2643 349.6 ± -1629.8 0.389 487.6 ± 1736.2 436.1 ± 2148.4 0.219
   Median 
(min-max)

  18 (0.1-20820) 5.7 (0.3-508.9) 19.4 (0.1-20820) 19.2 (0.1-18380) 15.6 (0.2-20820) 21.1 (0.4-14660) 15.4 (0.1-20820)

LDH
   n 261 20 240 73 187 103 157
   Mean ± SD 496.4 ± 860.1 299.6 ± 225.4 513.3 ± 892.8 0.282 506.7 ± 837.6 493 ± 873.1 0.374 530.8 ± 982.5 474.5 ± 774.8 0.244
   Median 
(min-max)

   233 (82-7230) 224 (117-878)     234 (82-7230) 249 (113-6190) 227 (82-7230) 248 (83-7230) 227 (82-6450)

Vital status 0.04 0.015 0.842
   Death 311 (77.9) 21 (63.6) 288 (79.1) 98 (86.0) 211 (74.8) 128 (78.5) 181 (77.7)
   Censored   88 (22.1) 12 (36.4)   76 (20.9) 16 (14.0)   71 (25.2)   35 (21.5)   52 (22.3)

WHO PS: WHO performance status; ALP: Alkaline phosphatase; CEA: Carcinoembryonic antigen; LDH: Lactate dehydrogenase.
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Table 2  Treatment characteristics according to hematological toxicity in 399 consecutive patients with metastatic colorectal cancer  n  (%)

Analysis with multiple imputations confirmed that 
neutropenia during chemotherapy for mCRC was associ-
ated with increased survival (P = 0.004), while thrombo-
cytopenia was no longer significant (P = 0.079). To avoid 
the bias of  longer survival in patients with hematological 
toxicity, a landmark analysis using a time point of  6 mo 
from the diagnosis was performed because > 90% of  
patients developed hematological toxicity during the first 
6 mo follow-up[9]. Patients who died before the landmark 
time were excluded from the analysis regardless of  the 
presence or absence of  hematological toxicity. Thirty-five 
patients were excluded from the analysis because they 
died before the landmark time. Using such analysis, uni-
variate and multivariate analyses confirm that neutropenia 
and thrombocytopenia during chemotherapy for mCRC 
were associated with increased survival (data not shown).

DISCUSSION
This study shows that both chemotherapy-induced throm-

bocytopenia and neutropenia are associated with better 
OS in patients treated for mCRC. In contrast, the occur-
rence of  anemia during chemotherapy is associated with 
poorer survival. Surprisingly, each type of  hematological 
toxicity had the same prognostic role, regardless of  the 
severity [mild (grade 1-2) or severe (grade 3-4) toxicity], 
suggesting that there is no relation between the severity of  
the toxicity and the prognostic effect. 

Several studies have previously focused on the prog-
nostic role of  neutropenia occurring in patients receiving 
chemotherapy for various tumor types. Chemotherapy-
induced neutropenia was recognized as a prognostic 
factor of  better survival in patients with metastatic lung, 
gastric, or ovarian cancer[9-11], and also in breast or esopha-
geal cancer patients treated in a neoadjuvant setting[12,13]. 
In the context of  CRC, a retrospective Japanese study 
recently evaluated the impact of  neutropenia in a cohort 
of  153 patients treated by fluorouracil and oxaliplatin as 
first-line treatment for mCRC[15]. The occurrence of  both 
mild and severe neutropenia was associated with better 
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All (n  = 399) Anemia (n  = 397) Neutropenia (n  = 396) Thrombopenia (n  = 396)

No (n  = 33) Yes (n  = 364) P No (n  = 114) Yes (n  = 282) P No (n  = 163) Yes (n  = 233) P
Lines of chemotherapy 0.3 < 10-4 0.053
   < 2   46 (11.5)   2   (6.1)   44 (12.1) 25 (21.9)   21   (7.4)   25 (15.3)   21     (9)
   ≥ 2 353 (88.5) 31 (93.9) 320 (87.9) 89 (78.1) 261 (92.6) 138 (84.7) 212   (91)
Lines of chemotherapy
   n 399 33 364 114 282 163 233
   Mean ± SD 4.4 ± 2.5 5 ± 2.8 4.4 ± 2.5 0.266 3.4 ± 2.1 4.9 ± 2.6 < 10-4 3.9 ± 2.4 4.9 ± 2.6 < 10-4

   Median 
(min-max)

4 (1-13) 4 (1-11) 4 (1-13) 3 (1-9) 5 (1-13) 3 (1-12) 5 (1-13)

Number of drugs 0.760 < 10-4 < 10-3

   1   20     (5)   2   (6.1)   18   (4.9) 13 (11.4)     7   (2.5)   15   (9.2)     5   (2.1)
   2   79 (19.8)   5 (15.2)   74 (20.3) 34 (29.8)   45 (16.0)   42 (25.8)   37 (15.9)
   3 300 (75.2) 26 (78.8) 272 (74.7) 67 (58.8) 230 (81.6) 106 (65.0) 191 (82.0)
Bevacizum-
ab

0.613 0.022 0.245

   Yes 226 (57.1) 17 (53.1) 209 (57.7) 54 (48.2) 171 (60.9)   86 (53.8) 139 (59.7)
   No 170 (42.9) 15 (46.9) 153 (42.3) 58 (51.8) 110 (39.1)   74 (46.3)   94 (40.3)
   Missing     3 1     2   2     1     3     0
Anti- EGFR mab 0.789 0.004 0.096
   Yes 165 (41.6) 14 (43.8) 150 (41.3) 34 (30.4) 130 (46.1)   59 (36.6) 105 (45.1)
   No 232 (58.4) 18 (56.3) 213 (58.7) 78 (69.6) 152 (53.9) 102 (63.4) 128 (54.9)
   Missing     2   1     1   2     0     2     0
Granulocyte-colony stimulating 
factor use

0.838 < 10-4 0.003

   Yes 105 (26.7)   9 (28.1)   95 (26.5) 10   (9.2)   94 (33.5)   30 (18.8)   74 (32.2)
   No 288 (73.3) 23 (71.9) 264 (73.5) 99 (90.8) 187 (66.5) 130 (81.3) 156 (67.8)
   Missing     6   1     5   5     1     3     3
EPO use 0.049 0.57 0.41
   Yes   76 (19.4)   2   (6.3)   74 (20.7) 23 (21.1)   52 (18.6)   34 (21.3)   41 (17.9)
   No 316 (80.6) 30 (93.8) 284 (79.3) 86 (78.9) 228 (81.4) 126 (78.8) 188 (82.1)
   Missing     7   1     6   5   (4.6)     2     3     4
Surgery of primary tumor 0.052 0.059 0.487
   Yes 323 (81.2) 31 (93.9) 291 (80.2) 86 (75.4) 235 (83.6) 129 (79.6) 192 (82.4)
   No   75 (18.8)   2   (6.1)   72 (19.8) 28 (24.6)   46 (16.4)   33 (20.4)   41 (17.6)
   Missing     1   0     1   0     1     1     0
Surgery of metastatic site 0.148 0.007 0.001
   Yes 102 (25.7) 13 (40.6) 103 (28.4) 22 (19.6)   94 (33.3)   33 (20.4)   83 (35.8)
   No 295 (74.3) 19 (59.4) 260 (71.6) 90 (80.4) 188 (66.7) 129 (79.6) 149 (64.2)
   Missing     2   1     1   2     0     1     1

GCSF: Granulocyte-colony stimulating factor; EPO: Erythropoietin.
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Table 3  Univariate and multivariate analysis (Cox regression) of factors associated with overall survival in 399 consecutive patients 
with metastatic colorectal cancer

outcome. Of  note, as in our study, both mild and severe 
neutropenia had a favorable impact on patient outcome. 
However, we extended this finding in a larger population 
that received different chemotherapy regimens, thus sug-

gesting that the favorable prognostic role of  neutropenia 
during chemotherapy for mCRC is a general phenomenon 
that may not depend on the type of  chemotherapy. In ad-
dition, our study involved Caucasian patients, suggesting 
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Univariate analysis n  = 399 Multivariate analysis n  = 214

HR 95%CI P HR 95%CI P
Age < 10-4

≥ 75      1.77 1.33 2.35
Sex   0.615

Male 1
Female      1.06 0.85 1.33

Origin 0.04   0.0767
Colon 1 1

Rectum      0.75 0.57 0.99      0.68 0.44 1.04
WHO PS < 10-4 0.021

0 1 1
1-2-3-4      2.15 1.63 2.82      1.53 1.07 2.19

CEA < 10-4 0.143
< 200 1 1
≥ 200      2.31 1.72 3.09      1.37 0.90 2.09

Prior anemia < 10-4 0.188
No 1 1
Yes      1.83 1.45 2.31      0.79 0.55 1.13

Anemia   0.005 0.029
No 1 1
Yes      1.91 1.22 2.98      2.19 1.08 4.41

Thrombopenia   0.003 0.036
No 1 1
Yes      0.70 0.56 0.88      0.69 0.49 0.98

Neutropenia < 10-4 < 10-4

No 1 1
Yes      0.55 0.44   0.705      0.43 0.29 0.64

Metastatic sites   0.005 0.026
1 1 1

> 1      1.40 1.11 1.77      1.49 1.05 2.11
Surgery of the primary tumor < 10-4 < 10-3

No 1 1
Yes      0.33 0.25 0.44      0.46 0.30 0.70

Surgery of metastatic site < 10-4 < 10-3

No 1 1
Yes      0.27 0.21 0.36      0.48 0.31 0.74

ALP < 10-4 0.007
< 300 1 1
≥ 300 3 2.16 4.18      1.81 1.18 2.78

LDH < 10-4 < 10-3

< 233 1 1
≥ 233      2.15 1.62 2.85      2.03 1.38 2.97

Leucocyte count < 10-4

< 10000 1
≥ 10000      2.04 1.53 2.73

Anti-EGFR Mab   0.006
No 1
Yes      0.73 0.58 0.91

Bevacizumab < 10-4 0.107
No 1 1
Yes      0.61 0.49 0.76      0.76 0.55 1.06

Chemotherapy lines < 10-4

< 2 1
≥ 2      0.46 0.32 0.66

Chemotherapy molecules < 10-4

1 1
2    0.5 0.29 0.87
3      0.35 0.21 0.58

Rambach L et al . Hematological toxicity and colorectal cancer

WHO PS: WHO performance status; ALP: Alkaline phosphatase; LDH: Lactate dehydrogenase. 



that the observations of  Shitara et al[15] may be generalized 
to different ethnic populations, and may not rely on a par-
ticular drug metabolism in patients of  Japanese origin.

Thrombocytopenia at baseline is known to be a fac-

tor of  poor prognosis in patients with hematological ma-
lignancy[18,19]. However, to the best of  our knowledge, no 
information has been reported in the literature regarding 
the prognostic role of  chemotherapy-induced throm-
bocytopenia. In our study, thrombocytopenia was also 
found to be an independent prognostic factor of  better 
survival. The prognostic role of  both neutropenia and 
thrombocytopenia strongly suggests that these hemato-
logical toxicities could be used a surrogate maker of  the 
efficacy of  cytotoxic chemotherapy.

Hematological toxicity may reflect the biological 
activity of  cytotoxic drugs, while the absence of  toxic-
ity may, on the contrary, indicate possible underdosing. 
Such underdosing may result from the use of  body sur-
face area (BSA) to determine the dose of  chemotherapy. 
In the case of  fluoropyrimidine, it is well known that 
using the BSA may result in either under- or overdosing. 
Personal dose adaptation could limit toxicity, and en-
hance efficacy[20-22]. Similarly, BSA is not a valuable tool 
to adapt irinotecan-based regimens. The degradation of  
the irinotecan bioactive metabolite SN38 is dependent 
on UGT1A1 polymorphism. UGT1A1*28 variant is a 
common allele with seven TA repeats in the promoter, 
compared with the wild-type allele (UGT1A1*1) with six 
TA repeats[23]. UGT1A1*28 variant is associated with de-
creased gene transcription and expression, as well as re-
duced enzyme activity, which leads to higher exposure of  
SN38, and thus higher hematological and digestive tox-
icity[24,25]. Concerning oxaliplatin, pharmacokinetic data 
indicate that plasma clearance of  oxaliplatin is depen-
dent not only on BSA, but also on age, sex and serum 
creatinine level[26]. In addition, it is also possible that un-
derdosing of  chemotherapy in everyday clinical practice 
may be a result of  the methods used for phase Ⅰ studies 
to determine maximum tolerated dose. A low number 
of  patients are included in phase Ⅰ trials, and these stud-
ies do not take into account inter-individual variation in 
drug pharmacokinetics[27].

Surprisingly, in our study, multivariate analysis re-
vealed that anemia occurring during chemotherapy was 
associated with poorer outcome, while prior anemia was 
not. Previous studies have shown that initial anemia is a 
factor for poor prognosis in localized[28,29] and metastatic 
CRC[30]. However, in our study, the anemia variables (i.e., 
anemia existing before and occurring during chemother-
apy) were strongly correlated (r² = 0.25).

Some limitations of  our study include the single-
center design, and the use of  different chemotherapeutic 
schedules, which could affect survival. In addition, he-
matological toxicity could be associated with more inten-
sive chemotherapeutic regimens, or longer treatment du-
ration. Thus, we cannot exclude the possibility that the 
prognostic role of  hematological toxicity could be linked 
to an immortal time bias[31]. However, to limit this prob-
lem, we decided to focus only on hematological toxicity 
occurring during the two first lines of  chemotherapy. 
Another potential limit is the number of  missing data. 
Despite the missing data, we chose to include in the mul-
tivariate analysis the WHO performance status, ALP and 
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Figure 2  Kaplan-Meier curves for overall survival stratified according to 
the occurrence or not of neutropenia (A), thrombocytopenia (panel B), 
and anemia (C) recorded during the first two lines of chemotherapy in 
metastatic colorectal cancer  patients (n = 399). P values were calculated 
using the log-rank test.
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CEA levels and the leukocyte count, because they are 
known prognostic factors, and were strongly associated 
with OS by univariate analysis. To handle the missing 
data issue, we performed Cox regression using multiple 
imputations. This analysis strengthened our findings that 
neutropenia is an independent prognostic factor of  bet-
ter survival. As regards thrombocytopenia, the result was 
less clear, but there was a trend towards better survival 
in patients experiencing thrombocytopenia. 

In conclusion, neutropenia and thrombocytopenia 
occurring during the two first lines of  chemotherapy for 
mCRC are associated with better survival. One hypoth-
esis could be that using BSA to calculate the dose of  
chemotherapy in mCRC patients is not ideal. However, 
other mechanisms could explain our observation. Fur-
ther clinical trials are warranted to determine whether 
adaptation of  drug doses based on hematological toxic-
ity could improve the efficacy of  standard regimens in 
mCRC patients.
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