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Abstract. Background/Aim: We evaluated whether splenic
volume (SV) predicts sinusoidal obstruction syndrome
(SOS) in colorectal cancer (CRC) patients receiving
capecitabine plus oxaliplatin (CapeOX) therapy. Patients
and Methods: In this retrospective study, we measured SV
in 41 patients receiving adjuvant CapeOX for CRC at five
different time points. We compared the clinical data of the
18 patients who experienced =30% increases in SV
immediately after vs. before CapeOX (group A) with data
for the remaining 23 patients (group B). Results: Platelet
numbers decreased and the levels of hepatobiliary enzymes
increased significantly 1 year after CapeOX compared with
before CapeOX in group A. However, in group B,
significantly decreased platelet numbers and significantly
increased aspartate transaminase levels were confirmed
only immediately after CapeOX, with no significant
subsequent changes. Conclusion: SV was significantly
associated with thrombocytopenia and liver dysfunction in
CRC patients, and predicted SOS.

Oxaliplatin-based chemotherapies represent a mainstay of
systemic treatment for colorectal cancer (CRC), and
capecitabine plus oxaliplatin (CapeOX) is a recommended
standard regimen in adjuvant chemotherapy for patients with
high-risk stage II and stage III CRC (1, 2). However, hepatic
sinusoidal obstruction syndrome (SOS) is a potentially
problematic adverse effect of oxaliplatin (3).
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SOS is a drug-induced liver injury, and the development
of SOS leads to tender hepatomegaly, fluid retention,
hyperbilirubinemia and splenomegaly (4, 5). SOS is a less
likely short-term obstacle; however, SOS may be a long-term
treatment obstacle and requires attention, especially when
liver metastases develop. SOS can decrease the effectiveness
of chemotherapy (6). Moreover, SOS is significantly
associated with higher morbidity and longer hospital stay in
patients who undergo hepatectomy (7, 8). Preoperative
assessment of SOS is necessary to improve complication
rates following liver surgery; however, an effective strategy
for SOS remains to be determined.

Conventionally, SOS is diagnosed exclusively according
to liver histopathological findings (3, 5); however, this
method is invasive. Recently, increased splenic volume (SV),
which results from increased portal venous pressure (9), has
been reported to be significantly associated with SOS (3, 10),
which suggests that increased SV is a simple biomarker for
predicting SOS.

To evaluate SV as a predictive biomarker for SOS, we
measured SV at five different time points, before and after
CapeOX for adjuvant chemotherapy in patients with high-
risk stage II and stage III CRC after curative surgical
resection, and investigated the relationships between SV,
platelet counts and liver dysfunction as indicators of SOS.

Patients and Methods

Study design and enrolled patients. This was a retrospective study
using the University of Kanazawa Medical Hospital (Ishikawa,
Japan) database of CRC patients. The exclusion criteria were
applied to 41 patients with high-risk stage II or stage III CRC who
underwent radical resection at our hospital between January 2013
and December 2017, and who received CapeOX as adjuvant
chemotherapy. According to the National Comprehensive Cancer
Network Clinical Practice Guidelines: Colon Cancer. ver. 3, we
defined high-risk stage II CRC as follows: T4 status; poorly
differentiated histology; perforation; obstruction requiring
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decompression before surgery or stoma; <12 lymph nodes
examined; vascular invasion and neural invasion. We excluded
patients who met the following criteria: less than five oxaliplatin
adjuvant chemotherapy treatments without computed tomography
(CT) imaging before adjuvant therapy or within 4 months of
completion, development of metastatic disease during adjuvant
therapy, administration of additional chemotherapy agents, prior
splenectomy, known cirrhosis, presence of chronic viral hepatitis or
prior liver surgery.

This study was approved by the Institutional Review Board of
the Kanazawa Medical University Hospital.

Calculation of SV. Spleen size was determined using multi-detector
raw CT scans (Hitachi Medical Corporation, Saitama, Japan). SV
was calculated by uploading the CT images into a calculator
software (Ziostation 2®; Zaiosoft, Tokyo, Japan; Figure 1). We
measured SV five times: (i) before, (ii) immediately after, (iii) 6
months after, (iv) 1 year after and (v) 2 years after CapeOX therapy.
Changes in SV were determined for each CT time point by
comparing SV at that time point with the value before treatment at
(i). Splenomegaly was defined as a 30% increase in SV at (ii)
compared with (i).

Data collection. The data were retrospectively collected from
patients” medical records and operative reports. We divided the
patients into two groups as follows: patients who developed a =30%
increase in SV at (ii) compared with (i) (group A) and patients whose
SV did not increase by =30% (group B), and we compared outcomes
for all patients and those between the groups. We evaluated the
following patients’ clinical characteristics: pathological oncological
factors, SV, laboratory data and the correlation between the SV
change ratio and the platelet numbers or liver enzyme levels change
ratio. Thrombocytopenia was defined as a platelet count of <150,000
cellsymm3. Additionally, we compared and examined the
histopathological findings in the liver sinusoids in two patients in
each group who underwent hepatectomy for recurrent liver metastasis
>6 months after CapeOX. One patient in group A underwent
hepatectomy 15 months after CapeOX therapy, and another patient in
group B underwent hepatectomy 10 months after CapeOX.

Statistical analysis. Values are expressed as meanststandard
deviations. Statistical analyses were performed using the two-sided
Student’s t-test and the Mann—Whitney U-test for continuous data
or Fisher’s exact test. All statistical analyses were performed using
the SPSS 10.0 software package (IBM Corp., Armonk, NY, USA).
Significance was defined as p<0.05.

Results

Patient characteristics and preoperative findings. We
performed curative surgery in 175 patients with high-risk
stage II or stage III CRC. Of the 175 patients, we included
41 patients in this study and excluded 134. The average
number of CapeOX courses was 7.5. Of the 41 patients, 18
patients in group A experienced a 230% increase in SV at
(ii) compared with (i) vs. the 23 patients in group B who did
not experience a =30% increase in SV. There was no
difference in the clinical characteristics between the two
groups (Table I).
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Table 1. Patient characteristics.

Characteristic Group A Group B p-Value
(n=18) (n=23)

Median age (years) 63 67 0.792
Range 35-76 46-78

Gender (Male, n) 13 12 0.218

BMI
Median, kg/m? 21.6 23.1 0.427
Range 16.2-28.1 15.6-33.9

Primary colorectal tumour site
Right, n 6 7 1
Left, n 12 16

TNM stage
I 1 3 0.618
111 17 20

Pathology
Tub 1, tub 2 14 20 0458
Pap 3 2
Muc 1 1

Number of cycles of oxaliplatin
6 3 4 0.341
7 1 0
8 14 19

BMI: Body mass index; TNM: tumor—node—metastasis; tub: tubular;
pap: papillary; muc: mucinous.

Changes in SV and laboratory data for all patients.
Treatment with adjuvant CapeOX resulted in an increase in
spleen size (Figure 2A), and the mean SV at (ii) increased
significantly to 121.7% compared with SV at (i) (p=0.023;
Figure 3A). Splenomegaly occurred in 18 patients (44%),
and in 3 patients, SV increased by >200% (Figure 2A).
Resolution of splenomegaly was confirmed when the mean
SV at (iii) returned to 108.2% of the value at (i) (p=0.177);
however, eight patients (20%) maintained an elevated SV of
>30% at (iii) (Figure 2B). The mean percentage resolution
in SV was 103.8% (p=0.573) at (iv) and 100.6% (p=0.86) at
(v) (Figure 2C and D, and Figure 3A). Platelet counts
decreased  significantly (p<0.001), and aspartate
aminotransferase (AST; p<0.001) and alkaline phosphatase
(ALP; p<0.001) levels increased significantly at (ii)
compared with (i). Platelet counts (p<0.001), and AST
(p=0.018) and ALP (p=0.015) levels remained significantly
changed at (iii) (Figure 3A). All patients’ platelet counts
improved with time, and there was no difference in platelet
counts between (i) and (v) (Figure 3A). Moreover, the
percentage change in SV from (i) to (ii) was related to the
maximum percentage change in thrombocytopenia and the
degree of decrease for all hepatobiliary enzymes, compared
with (i) (Figure 4).

Correlation between splenomegaly and thrombocytopenia
and liver disfunction. The changes in the laboratory data in



Miyata et al: Splenomegaly Associated With Oxaliplatin Therapy

SN

Figure 1. Representative images of splenic volume. Splenic volume was measured using the calculator software Ziostation 2% (Zaiosoft, Tokyo,
Japan), which can provide highly accurate measurements. The accurate three-dimensional image on the right was derived from the brown-colored
area in the computed tomography image on the left.
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Figure 2. Change in splenic volume (SV) after completing adjuvant capecitabine plus oxaliplatin (CapeOX) (A). SV increase ratio 6 months (B), 1
year (C) and 2 years after CapeOX therapy (D).
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group A and B are shown in Figure 3 B and C. In group A,
platelet counts decreased significantly (p<0.001), and AST
(p<0.001), alanine aminotransferase (ALT; p=0.034), v-
glutamyl transpeptidase (p=0.041) and ALP (p<0.001) levels
increased significantly at (ii) compared with (i). Platelet
counts (p=0.004) and AST (p=0.025), vy-glutamyl
transpeptidase (p=0.048) and ALP (p=0.003) levels

remained significantly changed at (iii) (Figure 3B).
Conversely, in group B, platelet counts decreased
significantly (p<0.001), and AST levels increased

significantly (p<0.001) at (ii) compared with (i); however,
all data improved and did not change significantly at (iii)
(Figure 3C). These results suggested that the degree of SOS
was low in group B. The degree of thrombocytopenia during
CapeOX treatment was significantly different in the 18
patients (100%) in group A and in 9 patients (39.1%) in
group B (p<0.001; Table II). The degree of SV increase
correlated strongly with decreasing platelet counts; resolution
of thrombocytopenia was slower for patients in group A.
Comparing platelet count improvement 1 year after adjuvant
chemotherapy revealed a significant difference between the
two groups; platelet counts in group A remained significantly
changed at (iv) vs. (i) (p=0.007). Of note, thrombocytopenia
in two patients in group A did not improve, even 2 years
after CapeOX (data not shown).

Of the 41 patients, 7 patients (5 patients in group A and 2
patients in group B) experienced recurrences >6 months after
completing chemotherapy (liver, 4; lung, 4; peritoneal
dissemination, 2). Of the four patients with liver metastasis,
two patients underwent hepatectomy (one in each group).
There was no significant difference in the recurrence ratio
between group A and B; however, in one patient in group A,
SV changed by 180.8% at (ii), and SOS was confirmed
during liver histopathology assessment (Figure 5). In another
patient in group B, SV changed by 120.1%, and
histopathology showed that the liver was normal.

Discussion

There are two novel and valuable findings in our study. First,
SV increased significantly with adjuvant CapeOX therapy,
and persistent decreases in platelet counts and liver
dysfunction were recognized even 6 months to 1 year after
this therapy. Second, patients with SV change =30% had
higher rates of persistent liver dysfunction and remarkable
thrombocytopenia during and even after CapeOX
administration, which is indicative of SOS.

SOS, previously called veno-occlusive disease, is a drug-
induced liver injury (5). Drugs such as busulfan that is used
in haematopoietic stem cell transplantation are known to
cause SOS, and the incidence of SOS after haematopoietic
cell transplantation has been reported to be 70%, with
fatality rates of up to 67% (11). Recently, SOS has been

Table II. Comparison of minimum platelet counts during CapeOX
treatment between the two groups.

Platelet cell count Group A Group B p-Value
(n=18) (n=23)
<15x10%/pl (n) 18 (100%) 9 (39.1%) <0.001

CapeOX: Capecitabine plus oxaliplatin.

well-recognized as an adverse effect of oxaliplatin-based
chemotherapy. Oxaliplatin-induced SOS is referred to as blue
liver syndrome and is associated with higher risk for
intraoperative bleeding and decreased hepatic functional
reserve (5, 8, 12, 13). Therefore, it is important to evaluate
the degree of SOS and to predict its risk, especially when
liver metastases are identified.

CRC is a highly prevalent malignant tumour worldwide
(14), and approximately 50% of patients develop liver
metastases in the course of the disease (15). This indicates that
a considerable number of patients who experience radical
treatment have a possibility of liver recurrence and must be
treated; therefore, early identification of SOS is needed for
CRC patients. Several researchers state that oxaliplatin causes
increased SV, and that SV is associated with SOS (3, 5, 10).
However, patients in these studies already had liver metastasis,
so evaluating SV change secondary to the effects of
chemotherapy is biased. In our study, all patients were
evaluated after radical resection only for CRC; therefore,
increased SV in our study was secondary only to the effects
of oxaliplatin, with no effect from liver metastasis.

Despite previous reports of oxaliplatin-induced SOS (3, 4,
8), clinically-useful predictive methods for this toxicity are
poorly documented, although relevant reports have recently
been published. Splenomegaly, which can be identified
radiographically, and decreased platelet counts, both of
which result from increased portal venous pressure, are
clinical SOS biomarkers induced by oxaliplatin (16).
Decreased platelet counts and increased liver enzymes have
also been reported to indicate worsening SOS (5, 16, 17).
Our analysis indicated that patients with an increase in SV
of =230% had significantly higher rates of persistent liver
dysfunction and remarkable thrombocytopenia during and
after chemotherapy compared with patients without an SV
increase of 230%.

This study focused on managing patients with CRC who
underwent radical resection and who received oxaliplatin-
based adjuvant chemotherapy. Thrombocytopenia persisted
for approximately 1-2 years after only approximately 6
months of oxaliplatin-based chemotherapy. The most notable
of our findings is that, in some patients with large increases
in SV, thrombocytopenia and liver dysfunction persisted even
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Figure 5. Photomicrograph showing moderate sinusoidal dilation and atrophic hepatocytes, with moderate lymphocytic infiltration (magnification:

x200, haematoxylin and eosin).

1 year after adjuvant chemotherapy. One of these patients had
pathologically-confirmed SOS 15 months after adjuvant
chemotherapy. Shigefuku et al. have reported a patient with
oesophageal varices and hepatotoxicity caused by oxaliplatin
3.5 years after oxaliplatin-based chemotherapy (18).
Considering these results, it is our firm belief that an SV
increase immediately after oxaliplatin-based chemotherapy is
a predictor of a higher risk of SOS, and affected patients
should undergo surgery with careful monitoring, if liver
metastasis develops, even in the long-term.

The present study had several limitations. First, this was
a retrospective and non-randomized study. Second, we
enrolled only a small number of patients from a single
institution. Third, the correlation between splenomegaly
secondary to chemotherapy and the development of hepatic
sinusoidal injury identified during pathological examination
remains to be fully clarified. A larger cohort study is needed
to confirm our findings, using a different dataset that does
not contain the original population involved in our study.

In conclusion, prominent thrombocytopenia and liver
dysfunction were recognized after oxaliplatin-based adjuvant

chemotherapy, possibly secondary to SOS. Increasing SV is
a possible biomarker for the risk of SOS, and monitoring SV
during the course of the treatment is useful in patients
scheduled to undergo major hepatectomy.

Conflicts of Interest

The Authors declare they have no financial or other conflicts of
interest regarding the content of this article.

Authors’ Contributions

TM and HT designed the study. TM, HT, RK, HN, AH, YF, SM, JF,
DK, YT, NN, HF, SK and NU performed data acquisition, analysis
and interpretation. TM prepared the manuscript. HT and TK revised
the paper critically. All Authors read and approved the final
manuscript.

Acknowledgements

The Authors thank Jane Charbonneau, DVM, from Edanz Group
(www.edanzediting.com/ac) for editing a draft of this manuscript.

3369



ANTICANCER RESEARCH 40: 3361-3370 (2020)

References

Jemal A, Siegel R, Ward E, Hao Y, Xu J, Murray T and Thun
MIJ: Cancer statistics, 2008. CA Cancer J Clin 58(2): 71-96,
2008. PMID: 18287387. DOI: 10.3322/CA.2007.0010

André T, de Gramont A, Vernerey D, Chibaudel B, Bonnetain F,
Tijeras-Raballand A, Scriva A, Hickish T, Tabernero J, Van
Laethem JL, Banzi M, Maartense E, Shmueli E, Carlsson GU,
Scheithauer W, Papamichael D, Moehler M, Landolfi S,
Demetter P, Colote S, Tournigand C, Louvet C, Duval A, Fléjou
JF and de Gramont A: Adjuvant fluorouracil, leucovorin, and
oxaliplatin in stage II to III colon cancer: updated 10-year
survival and outcomes according to BRAF mutation and
mismatch repair status of the MOSAIC study. J Clin Oncol
33(35):  4176-4187, 2015. PMID: 26527776. DOL:
10.1200/JC0O.2015.63.4238

Rubbia-Brandt L, Audard V, Sartoretti P, Roth AD, Brezault C,
Le Charpentier M, Dousset B, Morel P, Soubrane O, Chaussade
S, Mentha G and Terris B: Severe hepatic sinusoidal obstruction
associated with oxaliplatin-based chemotherapy in patients with
metastatic colorectal cancer. Ann Oncol 15(3): 460-466, 2004.
PMID: 14998849. DOI: 10.1093/annonc/mdh095

Ribero D, Wang H, Donadon M, Zorzi D, Thomas MB, Eng C,
Chang DZ, Curley SA, Abdalla EK, Ellis LM and Vauthey JN:
Bevacizumab improves pathologic response and protects against
hepatic injury in patients treated with oxaliplatin-based
chemotherapy for colorectal liver metastases. Cancer //0(12):
2761-2767,2007. PMID: 17960603. DOI: 10.1002/cncr.23099
Miyata T, Tajima H, Hirata M, Nakanuma SI, Makino I, Hayashi
H, Oyama K, Miyashita T, Takamura H, Ninomiya I, Fushida S,
Iseki S, Harada SI, Wakayama T and Ohta T: Phosphodiesterase
III inhibitor attenuates rat sinusoidal obstruction syndrome
through inhibition of platelet aggregation in Disse’s space. J
Gastroenterol Hepatol 33(4): 950-957, 2018. PMID: 28960464
DOI: 10.1111/jgh.14004

Vreuls CPH, Van Den Broek MA, Winstanley A, Koek GH,
Wisse E, Dejong CH, Olde Damink SW, Bosman FT and
Driessen A: Hepatic sinusoidal obstruction syndrome (SOS)
reduces the effect of oxaliplatin in colorectal liver metastases.
Histopathology 2012(61): 314-318, 2012. PMID: 22571348.
DOI: 10.1111/§.1365-2559.2012.04208 .x

Nordlinger B, Sorbye H, Glimelius B, Poston GJ, Schlag PM,
Rougier P, Bechstein WO, Primrose JN, Walpole ET, Finch-
Jones M, Jaeck D, Mirza D, Parks RW, Collette L, Pract M,
Bethe U, Van Cutsem E, Scheithauer W and Gruenberger T:
Perioperative chemotherapy with FOLFOX4 and surgery versus
surgery alone for resectable liver metastases from colorectal
cancer (EORTC Intergroup trial 40983): a randomized controlled
trial. Lancet 371(9617): 1007-1016, 2008. PMID: 18358928.
DOI: 10.1016/S0140-6736(08)60455-9

Nakano H, Oussoultzoglou E, Rosso E, Casnedi S, Chenard-Neu
MP, Dufour P, Bachellier P and Jaeck D: Sinusoidal injury
increases morbidity after major hepatectomy in patients with
colorectal liver metastases receiving preoperative chemotherapy.
Ann Surg 247(1): 118-124, 2008. PMID: 18156931. DOL:
10.1097/SLA.0b013e31815774de

Slade JH, Alattar ML, Fogelman DR, Overman MJ, Agarwal A,
Maru DM, Coulson RL, Charnsangavej C, Vauthey JN, Wolff
RA and Kopetz S: Portal hypertension associated with
oxaliplatin administration: Clinical manifestations of hepatic

3370

sinusoidal injury. Clin Colorectal Cancer 8(4): 225-230, 2009.
PMID: 19822514. DOI: 10.3816/CCC.2009.n.038
10 Imai K, Emi Y, Iyama K-I, Beppu T, Ogata Y, Kakeji Y, Samura
H, Oki E, Akagi Y, Maehara Y and Baba H; Kyusyu Study
Group of Clinical Cancer (KSCC) ancillary study: Splenic
volume may be a useful indicator of the protective effect of
bevacizumab against oxaliplatin-induced hepatic sinusoidal
obstruction syndrome. Eur J Surg Oncol 40(5): 559-566, 2014.
PMID: 24388740. DOI: 10.1016/j.ejs0.2013.12.009
Iguchi A, Kobayashi R, Yoshida M, Kobayashi K, Matsuo K,
Kitajima I and Maruyama I: Vascular endothelial growth factor
(VEGF) is one of the cytokines causative and predictive of
hepatic veno-occlusive disease (VOD) in stem cell
transplantation. Bone Marrow Transplant 27(17): 1173-1180,
2001. PMID: 11551028. DOI: 10.1038/sj.bmt.1703061
12 Tamandl D, Klinger M, Eipeldauer S, Herberger B, Kaczirek K,
Gruenberger B and Gruenberger T: Sinusoidal obstruction
syndrome impairs long-term outcome of colorectal liver
metastases treated with resection after neoadjuvant
chemotherapy. Ann Surg Oncol 18(2): 421-430, 2011. PMID:
20844968. DOI: 10.1245/s10434-010-1317-4
13 Robinson SM, Wilson CH, Burt AD, Manas DM and White SA:
Chemotherapy-associated liver injury in patients with colorectal
liver metastases: a systematic review and meta-analysis. Ann
Surg Oncol 19(13): 4287-4299, 2012. PMID: 22766981. DOI:
10.1245/s10434-012-2438-8
14 Jemal A, Bray F, Center MM, Ferlay J, Ward E and Forman D:
Global cancer statistics. CA Cancer J Clin 61(2): 69-90, 2011.
PMID: 21296855. DOI: 10.3322/caac.20107
15 van der Pool AE, Damhuis RA, Ijzermans JN, de Wilt JH,
Eggermont AM, Kranse R and Verhoef C: Trends in incidence,
treatment and survival of patients with stage IV colorectal cancer:
a population-based series. Colorectal Dis 14(1): 56-61, 2012.
PMID: 21176063. DOI: 10.1111/j.1463-1318.2010.02539 .x
16 Iwai T, Yamada T, Koizumi M, Shinji S, Yokoyama Y, Takahashi
G, Takeda K, Hara K, Ohta K and Uchida E: Oxaliplatin-
induced increase in splenic volume; irreversible change after
adjuvant FOLFOX. J Surg Oncol 116(7): 947-953, 2017. PMID:
28876454. DOI: 10.1002/j50.24756
17 Sehhoon Park, Hwi Young Kim, Haeryoung Kim, Jin Hyun
Park, Jung Ho Kim, Ki Hwan Kim, Won Kim, In Sil Choi, Yong
Jin Jung and Jin-Soo Kim: Changes in noninvasive liver fibrosis
indices and spleen size during chemotherapy: Potential markers
for oxaliplatin-Induced sinusoidal obstruction syndrome.
Medicine (Baltimore) 95: e2454, 2016. PMID: 26765438. DOI:
10.1097/MD.0000000000002454
Shigefuku R, Watanabe T, Mizukami T, Matsunaga K, Hattori
N, Ehira T, Suzuki T, Nakano H, Sato Y, Matsuo Y, Nakahara K,
Ikeda H, Matsumoto N, Tsuda T, Katayama M, Koizumi S,
Okuse C, Suzuki M, Otsubo T, Nakajima TE, Yasuda H and Itoh
F: Esophagogastric varices were diagnosed in a non-cirrhotic
liver case during long-term follow-up after oxaliplatin-based
chemotherapy. Clin J Gastroenterol //(6): 487-492,2018. PMID:
29948819. DOI: 10.1007/s12328-018-0873-1

1

—_

1

o)

Received April 26, 2020
Revised May 9, 2020
Accepted May 11, 2020



