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(2012) Correlation of neutrophil to lymphocyte ratio with the presence
and severity of metabolic syndrome. Clin Appl Thromb Hemost
doi:10.1177/1076029612459675.

Demirkol S, Balta S, Celik T, Arslan Z, Unlu M, Cakar M, Kucuk U, Demirbas S,
Iyisoy A, Yokusoglu M (2013) Assessment of the relationship between red
cell distribution width and cardiac syndrome X. Kardiol Pol 71: 480–484.

Gary T, Pichler M, Belaj K, Hafner F, Gerger A, Froehlich H, Eller P, Pilger E,
Brodmann M (2013) Neutrophil-to-lymphocyte ratio and its association
with critical limb ischemia in PAOD patients. PLoS One 8: e56745.

Pichler M, Hutterer GC, Stoeckigt C, Chromecki TF, Stojakovic T, Golbeck S,
Eberhard K, Gerger A, Mannweiler S, Pummer K, Zigeuner R (2013a)
Validation of the pre-treatment neutrophil-lymphocyte ratio as a
prognostic factor in a large European cohort of renal cell carcinoma
patients. Br J Cancer 108: 901–907.

Pichler M, Hutterer GC, Stojakovic T, Mannweiler S, Pummer K, Zigeuner R
(2013b) High plasma fibrinogen level represents an independent negative
prognostic factor regarding cancer-specific, metastasis-free, as well as
overall survival in a European cohort of non-metastatic renal cell
carcinoma patients. Br J Cancer 109: 1123–1129.

Proctor MJ, McMillan DC, Morrison DS, Fletcher CD, Horgan PG, Clarke SJ
(2012) A derived neutrophil to lymphocyte ratio predicts survival in
patients with cancer. Br J Cancer 107: 695–699.

Shiu YC, Lin JK, Huang CJ, Jiang JK, Wang LW, Huang HC, Yang SH (2008)
Is C-reactive protein a prognostic factor of colorectal cancer? Dis Colon
Rectum 51: 443–449.

Son HJ, Park JW, Chang HJ, Kim DY, Kim BC, Kim SY, Park SC, Choi HS,
Oh JH (2013) Preoperative Plasma Hyperfibrinogenemia is Predictive of
Poor Prognosis in Patients with Nonmetastatic Colon Cancer. Ann Surg
Oncol 20: 2908–2913.

Stotz M, Gerger A, Eisner F, Szkandera J, Loibner H, L Ress A, Kornprat P,
A Zoughbi W, Seggewies FS, Lackner C, Stojakovic T, Samonigg H,
Hoefler G, Pichler M (2013) Increased neutrophil-lymphocyte ratio
is a poor prognostic factor in patients with primary operable and
inoperable pancreatic cancer. Br J Cancer 109: 416–421.

Szkandera J, Absenger G, Liegl-Atzwanger B, Pichler M, Stotz M,
Samonigg H, Glehr M, Zacherl M, Stojakovic T, Gerger A, Leithner A
(2013) Elevated preoperative neutrophil/lymphocyte ratio is associated
with poor prognosis in soft-tissue sarcoma patients. Br J Cancer 4: 1–7.

Tamhane UU, Aneja S, Montgomery D, Rogers EK, Eagle KA, Gurm HS
(2008) Association between admission neutrophil to lymphocyte ratio and
outcomes in patients with acute coronary syndrome. Am J Cardiol 102:
653–657.

This work is licensed under the Creative Commons
Attribution-NonCommercial-Share Alike 3.0 Unported

License. To view a copy of this license, visit http://creativecommons.
org/licenses/by-nc-sa/3.0/

Comment on ‘Histopathologic evaluation
of liver metastases from colorectal cancer
in patients treated with FOLFOXIRI plus
bevacizumab’
F Bibeau*,1, H Gil1, F Castan2 and F Boissière-Michot1

1Pathology Department, Institut régional du Cancer Montpellier, 208 rue des Apothicaires, 34298 Montpellier Cedex 5, France and
2Biostatistics Unit, Institut régional du Cancer Montpellier, 208 rue des Apothicaires, 34298 Montpellier Cedex 5, France

Sir,
We read with interest the article by Loupakis et al (2013)

entitled ‘Histopathologic evaluation of liver metastases from
colorectal cancer in patients treated with FOLFOXIRI plus
bevacizumab’ published in the June 2013 issue of the British

Journal of Cancer. This paper clearly underlines the positive impact
of FOLFOXIRI plus bevacizumab, on the extent of both tumour
regression and necrosis, in resected liver metastases from colorectal
cancer (CRC). The authors conclude that the addition of
bevacizumab leads to a high ‘histopathologic activity’ as compared
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to FOLFOXIRI or XELOXIRI alone. These data are important as
pathologic response is considered as a new outcome end point by
some authors, representing a prognostic parameter and a marker of
sensitivity to preoperative treatments (Rubbia-Brandt et al, 2007;
Blazer et al, 2008). Indeed, the higher the histopathologic response,
the longer the survival (Rubbia-Brandt et al, 2007; Blazer et al,
2008). In this setting, we would like to mention several points that
may be clinically relevant. First of all, pathologic complete response
(pCR) was defined, in the study by Loupakis et al (2013), as the
absence of tumour cells replaced by fibrosis and/or necrosis. This
pCR definition corresponds to the grade 0 of the classification
proposed by Blazer et al (2008), which is based exclusively on the
percentage of residual tumour cells whatever the type of regression.
However, in the Tumour Regression Grade (TRG) classification as
proposed by Rubbia-Brandt et al (2007), fibrosis, but not necrosis,
is considered as a characteristic feature of cellular response.
According to these authors, the necrosis seen in CRC liver
metastases is linked to spontaneous evolution of the tumour,
involving insufficient vascular supply, and not to the treatment
itself, thus excluding this characteristic from the TRG. In contrast,
Li Chang et al (2012) recently showed a particular type of necrosis,
so-called ‘infarct-like necrosis’ (ILN), characterised by large
confluent areas of eosinophilic cytoplasmic remnants, located
centrally within a lesion and surrounded by a rim of fibrosis with
foamy macrophages (Li Chang et al, 2012). This necrosis is
morphologically different from the so-called ‘dirty necrosis’, usually
seen in CRC, containing nuclear debris in a patchy distribution. In
this study, ILN was only seen in preoperatively treated CRC liver
metastases and never observed in untreated patients who under-
went primary resection of CRC liver metastases. In addition, Li
Chang et al (2012) also noticed that ILN was significantly
associated with chemotherapy plus bevacizumab treatment,
although this feature was not specific and was also encountered
with chemotherapy alone. Moreover, progression-free survival and
overall survival were longer in patients with CRC whose liver
metastases showed ILN as compared with CRC patients whose
metastases lacked this feature. Besides the well-designed work by
Loupakis et al (2013), several studies concerning preoperative
treatment of liver metastases have already reported a higher
percentage of necrotic areas in tumours treated with bevacizumab
(Klinger et al, 2010; Wicherts et al, 2011). However, the precise
type of necrosis involved in tumour response was not reported.

Our team recently confirmed the previous findings of Li Chang
et al (2012), but on a larger population of bevacizumab-treated
patients and in the setting of first-line metastatic treatment. We
retrospectively reviewed archival liver CRC metastases from 91
patients who underwent secondary resection after preoperative
treatment. On the basis of tumour availability, three group of
patients with liver metastases were identified: a control group of
chemonaive metastases (n¼ 29), a group with metastases treated
with chemotherapy (CT) alone (n¼ 31) and a group with
metastases treated with CT and bevacizumab (n¼ 31). The
frequency of ILN was statistically different among the three groups
(Po0.001, Table 1). Infarct-like necrosis was observed in 53% of
liver metastases of treated patients (CT only and CTþ
bevacizumab), but never in those of untreated patients
(Po0.001). Moreover, the rate of ILN lesions was much higher
in the CT plus bevacizumab group than in the CT group (68% vs
39%, P¼ 0.02). The histologic features observed in our series of
ILN cases were similar to those described in the study by Li Chang
et al (2012) (Figure 1). Taken together, these data indicate that ILN
is a particular feature of tumour response induced by the
preoperative treatment. Therefore, it would be interesting, in the
study by Loupakis et al (2013), to determine which type of necrosis
is present in the liver metastases of the control arm (i.e., without
any preoperative treatment) and to confirm that ILN might be a
‘bevacizumab-related effect’.

Finally, we would like to point out the correlation established
between the histologic features and the radiologic patterns of CRC
liver metastases after preoperative treatment, and skilfully
discussed by Loupakis et al (2013). Indeed, size criteria do not
seem to be accurate enough to properly evaluate the radiologic
impact of treatment combining chemotherapy and bevacizumab,
and morphologic characteristics are thought to be more useful
parameters (Chun et al, 2009). In this setting, Maru et al (2010)
suggested measuring the tumour thickness at the tumour–normal
liver interface as a novel pathologic indicator of chemotherapy
response in liver CRC metastases. They found that tumour
thickness correlated better with radiologic response, according to
morphologic characteristics than by RECIST criteria. Tumour
thickness also correlated with pathologic response assessed
according to the Blazer classification. In addition, greater thickness
predicted shorter recurrence-free survival and this parameter
remained statistically significant in multivariate analysis. Interest-
ingly, tumour thickness was significantly smaller in patients treated
with bevacizumab than in patients who were not.

In conclusion, this promising work by Loupakis et al (2013)
highlights the impact of intensive preoperative treatments on the
pathologic response of CRC liver metastases. Moreover, it equally
strengthens the need for more precise and rational classification of
this response, especially with anti-angiogenic therapies. Indeed,
identifying ILN may represent an important contribution from
pathologists when assessing chemotherapy and targeted treatment
response in both clinical and research settings.
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Table 1. Frequency of ILN in liver metastases from colorectal cancer
according to treatment

No
treatment,
N¼29

CT only,
N¼31

CTþBeva,
N¼31 P-valuea

Presence of ILN 0 (0%) 12 (39%) 21 (68%) Po0.001

Lack of ILN 29 (100%) 19 (61%) 10 (32%)

Abbreviations: Beva¼bevacizumab; CT¼ chemotherapy; ILN¼ infract-like necrosis.
aw2-test.

*

Figure 1. Subcapsular liver metastasis resected after preoperative
treatment combining chemotherapy and bevacizumab. Typical well-
limited lesion with central infarct-like necrosis (*), surrounded by
fibrosis and residual tumour (arrows).
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Sir,
We would like to thank Bibeau et al (2013) for their constructive

comment on our article. We acknowledge that the question raised
is of crucial interest and, as the evaluation of infarct-like necrosis
(ILN) was not planned in our analyses, we went back to our
samples in order to investigate it.

We adopted the definition of ILN previously proposed (Chang
et al, 2012) and we found 24 (37%) out of 65 patients showing ILN,
characterised by large confluent areas of eosinophilic cytoplasmic
remnants, located centrally within a lesion and surrounded by a
rim of fibrosis with foamy macrophages (Figure 1). Infarct-like
necrosis was observed in 1 (5%) out of 28 patients in the control
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