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Abstract:
AIM: To better define if chemotherapy-induced neutropenia could be predictive of better outcome in patients with metastatic colorectal cancer (mCRC) patients.
METHODS: Survival and patient characteristics from all consecutive mCRC patients treated in the Georges Francois Leclerc Cancer between January 2001 and December 2011 were analyzed. Patient and tumor characteristics, hematological toxicities (neutropenia, anemia, and thrombopenia), 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 2 lines of chemotherapy. By univariate analysis, whatever their grade, neutropenia and thrombopenia occurring during the first two lines of chemotherapy were significantly associated with better 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 thrombopenia 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 the occurrence of either neutropenia or thrombopenia during a first or second line of chemotherapy for mCRC is associated with better survival. 
(2013 Baishideng Publishing Group Co., Limited. All rights reserved.
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Core tip: Using a retrospective data base of 399 patients we ask whether chemotherapy-induced cytopenia could be predictive of better outcome in patients with metastatic colorectal cancer patients. We observed that occurrence of neutropenia and thrombopenia is associated with better outcome while occurrence of anemia is associated with poorer outcome.
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INTRODUCTION
In patients with unresectable metastases from colorectal cancer (mCRC), there is no curative option, but treatment with palliative systemic chemotherapy has been shown to improve overall survival (OS)[1]. Currently available therapeutic options rely on three major cytotoxic chemotherapies: fluoropyrimidine, oxaliplatin and irinotecan, associated with targeted therapies [anti- epidermal growth factor receptor (EGFR) (panitumumab and cetuximab)] or anti-vascular endothelial growth factor (bevacizumab) monoclonal antibodies). Five-year OS in patients diagnosed with unresectable distant metastases is around 10%[2-4]. In contrast, when metastases 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 polychemotherapies and the routine addition of targeted therapies[6-8].
Many reports[9-14] have suggested that neutropenia occurring during anticancer cytotoxic chemotherapy could be a marker of effectiveness of the treatment, reflecting cytotoxic 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 effectiveness, and could thus predict treatment efficacy. Usually, the recommended dosage of chemotherapy is determined 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 account the inter-individual variability of drug metabolism. In the currently available literature, only one small retrospective study observed a significant association between neutropenia and colorectal cancer survival[15]. 
However, most of these studies[9-14] only focus on neutropenia, and do not take in account information on other hematological toxicity such as thrombopenia or anemia.

In this report, we describe a retrospective analysis of 399 consecutive patients with mCRC treated by chemotherapy, in order to evaluate associations between OS, and hematological toxicities (i.e., neutropenia, thrombopenia and anemia) occurring during the first two lines of chemotherapy.
MATERIALS AND METHODS

Patients
From January 2001 to December 2011, 399 consecutive patients with histologically proven mCRC received first-line chemotherapy at the Georges-François Leclerc Cancer Center (Dijon, France), and were prospectively recorded in an institutional clinical database. This study was approved 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 31st 2011). The primary endpoint was overall survival (OS), defined as the time from date of diagnosis until death of any cause, or December 31, 2011, whichever occurred first. Survivors were censored at last follow-up. Median follow-up with its 95% confidence interval (CI) was calculated using the reverse Kaplan-Meier method. The association between hematological toxicities (neutropenia, thrombopenia, or anemia) and patient or disease characteristics were examined using the χ2 test or Fisher’s exact test for qualitative variables, and the Student t or Mann-Whitney tests for continuous variables, as appropriate. Hematological toxicities were only considered if they occurred during the first two lines of chemotherapy, because data obtained thereafter could be biased due to inherent longer survival of these patients, and the classical problem of immortal time bias[16].
Survival probabilities were estimated using the Kaplan-Meier method and survival curves were compared using the log-rank test. Hazard ratios (HR) and their 95%CI for univariate and multivariate analysis of OS were estimated using Cox’s proportional hazards regression with a backward elimination procedure. All predictors with P values less than 0.10 by univariate analysis were retained in the multivariate models. To prevent co-linearity, when two variables were significantly correlated, only the more informative of the two was retained according to its clinical relevance, or according to the value of the likelihood ratio. Variables included in uni- and multivariate analyses were: neutropenia, thrombopenia, anemia during the 2 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 (less than 75, vs 75 and older), sex, serum carcinoembryonic antigen (CEA) (< 200 vs ≥ 200), leucocyte count, serum level of alkaline phosphatase (ALP) (< 300 vs ≥ 300) and lactate deshydrogenase (LDH) (median value used as cutoff value), World Health Organization (WHO) performance status (0 vs 1-2-3-4), primary tumour surgery, metastases resection, number of chemotherapy lines (1-2 vs ≥ 3) and molecules (1, 2 or 3). Multivariate Cox models were constructed with all predictors with P values lower than 0.10 in univariate analysis, carried out by the backward elimination procedure. To handle missing data, we performed Cox regression using multiple imputations[17].
Routine blood counts were taken during every chemotherapy cycle, usually the day before treatment. Hematologic toxicities, namely neutropenia, anemia and thrombopenia, were graded according to the National Cancer Institute Common Terminology Criteria for Adverse Events (NCI-CTCAE), version 3.0 [in detail anemia grade 1(Hb < 10g/dL), grade 2 (Hb: 8-10g/dL), grade 3 (Hb < 8g/dL), grade 4 (Life-threatening consequences); Thrombopenia 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).

Statistical analyses were performed using SAS version 9.3 (SAS Institute Inc., Cary, NC, United States). All tests were two sided, and P values < 0.05 were considered statistically significant.
RESULTS
Patient
The median follow-up at the time of this analysis was 6.3 years, (95%CI: 5.6-7.4). Patient characteristics and tumor characteristics are described in Table 1. Treatment characteristics are presented in Table 2. Most patients (88%) received more than 2 lines of chemotherapy. Only 3.5% received monochemotherapy (fluropyrimidine alone), 13.5% received only fluoropyrimidine and oxaliplatinum, 4.5% received only fluorpyrimidine and irinotecan. In total, 78.5% received the 3 major drugs. The median number of chemotherapy lines was 4 (min = 1, max = 8). Seventy-two percent of patients received targeted therapies (35% received only anti EGFR, 40% received only bevacizumab, and 25% received both). Thirty eight percent of the patients have metachronous and 62% have synchronous disease. We note that 83% of patients have liver metastases, 35% have lung metastases, 12% have peritoneal carcinomatosis. While 60% of patients had only one tumor most of these patients have diffuse liver or lung involvement and less than half of them could benefit of metastases surgery.
Hematological toxicities
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) neutropenia 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 thrombopenia during the treatment (58.8%). Grade 1-2 thrombopenia occurred in 50.7% of the patients, and only 8.1% of patients experienced grade 3-4 thrombopenia. Most classical prognostic variables did not differ significantly between patients who had hematological toxicities and those who did not (Table 1). However, patients who experienced thrombopenia were significantly younger (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 phosphatase serum level at diagnosis (P = 0.023) (Table 1). Figure 1 shows the worst grade of neutropenia, anemia, and thrombopenia recorded at each cycle of chemotherapy during the 2 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 significantly higher hematological toxicities. Neutropenia, but not thrombopenia or anemia, was more frequently experienced by patients who received all 3 major drugs (P < 0.0001, P = 0.053, P = 0.3), as compared to patients who received one or two drugs, or less than 2 lines (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 neutropenia 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 experienced thrombopenia also had significantly better OS compared to patients that did not present any thrombopenia during chemotherapy (Log-Rank test P = 0.008) (Figure 2B). In contrast, occurrence of anemia was associated with poorer outcome (Log-Rank test P = 0.038) (Figure 2C). Interestingly, mild (grade 1-2) or severe toxicity (grade 3-4) have the same prognostic role for each hematological toxicity. Two hundred and four patients received FOLFOX alone or with target therapies, 113 patients received FOLFIRI alone or with target therapies and 82 patients received monotherapy by fluoropyrimidine alone or with target therapies as a first line treatment. We observed that neutropenia is a factor of better outcome in patients that received FOLFOX alone or with target 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 FOLFIRI alone or with target therapies as a first line (mean OS of 28 mo in patients without neutropenia vs 41 mo in patients with neutropenia, P = 0.04). Same results were observed in patients treated with fluoropyrimidine alone or with target therapies as a first line (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 indicated that among the classical prognostic factors, age > 75 years, primitive colon (vs rectal) tumor, poor WHO status, CEA level > 200 ng/mL, multiple metastatic sites, initial anemia, high alkaline phosphatase 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 3 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 alkaline phosphatases (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 thrombopenia (P = 0.036) and neutropenia (P < 0.001) were all independently associated with better OS (Table 3). Thrombopenia and neutropenia were better correlated (r = 0.35) than anemia and neutropenia (r = 0.03), or anemia and thrombopenia (r = 0.04). 
Analysis with multiple imputations confirmed that neutropenia during chemotherapy for mCRC was associated with increased survival (P = 0.004), while thrombopenia was no longer significant (P = 0.079). To avoid the bias of longer survival in patients with hematological toxicities, a landmark analysis using a time point of 6 mo from the diagnosis was performed because more than 90% of patients developed hematological toxicities during the first 6 mo of follow-up[9]. Patients who died before the landmark time were excluded from the analysis regardless the presence or absence of hematological toxicities. Thirty-five patients were excluded from the analysis because they died before the landmark time. Using such analysis, univariate and multivariate analyses confirm that neutropenia and thrombopenia during chemotherapy for mCRC are associated with increased survival (data not shown).
DISCUSSION
This study shows that both chemotherapy-induced thrombopenia and neutropenia are associated with better overall survival in patients treated for mCRC. In contrast, the occurrence of anemia during chemotherapeutic treatment 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 prognostic 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 oesophageal cancer patients treated in a neoadjuvant setting[12,13]. In the context of colorectal cancer, 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]. In this study, the occurrence of both mild and severe neutropenia was associated with better outcome. Of note, as in our study, both mild and severe neutropenia had a favorable impact on patient outcome. However, we extend this finding in a larger population that received different chemotherapy regimens, thus suggesting 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 addition, our study involves Caucasian patients, suggesting that the observations of Shitara et al[15] may be generalized to different ethnic populations, and may not rely on a particular drug metabolism in patients of Japanese origin. 
Thrombopenia at baseline is known to be a factor of poor prognosis in patients with hematological malignancy[18,19]. However, to the best of our knowledge, no information has been reported in the literature regarding the prognostic role of chemotherapy-induced thrombopenia. In our study, thrombopenia was also found to be an independent prognostic factor of better survival. The prognostic role of both neutropenia and thrombopenia strongly suggests that these hematological toxicities could be used a surrogate maker of the efficacy of cytotoxic chemotherapies. 
Hematological toxicity may reflect the biological activity of cytotoxic drugs, while the absence of toxicity may, on the contrary, indicate possible underdosing. Such underdosing may result from the use of body surface 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 over-dosing. Personal dose adaptation could limit toxicity, and enhance 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 decreased gene transcription and expression, as well as reduced enzyme activity, which leads to higher exposure of SN38, and thus higher hematological and digestive toxicity[24,25]. Concerning oxaliplatin, pharmacokinetic data indicate that plasmatic clearance of oxaliplatin is dependant not only on BSA, but also on age, sex and serum creatinine level[26]. In addition, it is also possible that underdosing 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 studies do not take into account inter-individual variation in drug pharmacokinetics[27].
Surprisingly, in our study, multivariate analysis revealed that anemia occurring during chemotherapy was associated with poorer outcome, while prior anemia was not. Previous studies have shown that initial anemia is factor of poor prognosis in localized[28,29] and metastatic CRC[30]. However, in our study, the “anemia” variables (i.e., anemia existing before chemotherapy and anemia occurring during chemotherapy) were strongly correlated (r² = 0.25). 
Some limitations of our study include the single-centre design, and the use of different chemotherapeutic schedules, which could impact on survival. In addition, hematological toxicities could be associated with more intensive chemotherapeutic regimens, or longer treatment duration. 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 problem, we decided to focus only on hematological toxicity occurring during the 2 first lines of chemotherapy. Another potential limit is the number of missing data. Despite the missing data, we chose to include in the multivariate analysis the WHO performance status, ALP and CEA levels and the leucocytes 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 better survival. As regards thrombopenia, the result was less clear, but there is a trend towards better survival in patients experiencing thrombopenia. 
In conclusion, neutropenia and thrombopenia occurring during the two first lines of chemotherapy for mCRC are associated with better survival. One hypothesis could be that using BSA to calculate the dose of chemotherapy in mCRC patients is not ideal. However, other mechanisms could explain or observation. Further clinical trials are warranted to determine whether adaptation of drug doses based on hematological toxicity could improve the efficacy of standard regimens in mCRC patients.
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Background 
During metastatic cancer anticancer cytotoxic chemotherapies are to major anticancer agents. Currently the schedule dosage of chemotherapies remains empirically. Further researches are warrant to better define the optimal schedules.
 Research frontiers 
Usually, the recommended dosage of chemotherapy is determined 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 account the inter-individual variability of drug metabolism. Some reports suggests that hematological toxicity may reflect the bioactive dosage of chemotherapy
Innovations and breakthroughs 
Neutropenia and thrombopenia occurring during the first two lines of chemotherapy were significantly associated with better 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).
Applications 
This study underlines the possible prognostic role of neutropenia and thrombocytopenia occurring during chemotherapy for a metastatic colorectal cancer.
Terminology 
Hematologic toxicities, namely neutropenia, anemia and thrombopenia, were graded according to the National Cancer Institute Common Terminology Criteria for Adverse Events (NCI-CTCAE), version 3.0. For each type of cytopenia, patients were divided into three categories: absent (grade 0), mild (grades 1-2), and severe (grades 3-4).

Peer review 
This is a well written, interesting article showing association between neuttropenia and thrombocytopenia occurring during chemotherapy and better survival for metastatic colorectal cancer. It would be of interest to know where the metastases were, if it was metachrone or synchrone and why 60% of the patients had only one metastatic site, and only 25% had surgery for the metastases.
.
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Figure 1 Worst grade of hematological toxicity (neutropenia, anemia, and thrombopenia) recorded during the first 2 lines of chemotherapy in metastatic colorectal cancer patients (n = 399).
Figure 2 Kaplan-Meier curves for overall survival stratified according to the occurrence or not of neutropenia (A), thrombopenia (panel B), and anemia (C) recorded during the first 2 lines of chemotherapy in metastatic colorectal cancer patients (n = 399). P values were calculated using the Log-Rank test.
Table 1 Patient characteristics according to hematological toxicities in 399 consecutive patients with metastatic colorectal cancer
ALP: Alkaline phosphatase; CEA: Carcinoembryonic antigen; LDH: Lactate deshydrogenase; WHO PS: World Health Organisation Performance Status.

Table 2 Treatment characteristics according to hematological toxicities in 399 consecutive patients with metastatic colorectal cancer n (%)
EGFR: Epidermal growth factor receptor; GCSF: Granulocyte-colony stimulating factor; EPO: Erythropoietin. 

Table 3 Univariate and multivariate analysis (Cox regression) of factors associated with overall survival in 399 consecutive patients with metastatic colorectal cancer
ALP: Alkaline phosphatase; CEA: Carcinoembryonic antigen; EGFR: Epidermal growth factor receptor target therapy; LDH: Lactate deshydrogenase; WHO PS: World Health Organisation Performance Status.

