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Background: Oxaliplatin is a nonconventional third-generation platinum compound. It is
an important chemotherapeutic agent in regimens used in gastrointestinal carcinomas as well
as other malignancies. Oxaliplatin toxicity profile includes neurotoxicity, hepatotoxicity, and
splenomegaly. The primary aim of this study was to measure the spleen volume of patients on
oxaliplatin therapy before and during chemotherapy to detect any increase in splenic size as a
biomarker for early oxaliplatin toxicity.

Methods: This was a prospective pilot study conducted at the American University of Beirut-
Medical Center. Fifty patients newly started on oxaliplatin were included. The spleen volume
was measured from the patients’ baseline CT scan using the IntelliSpace Portal upgraded system
(using Response Evaluation Criteria In Solid Tumors [RECIST]), for each follow-up CT scan.
Side effects were evaluated at each patient visit and graded according to the severity.
Results: Thirty-seven (74%) patients developed an increase in spleen size. Thirty-three (66%)
sampled patients developed peripheral neuropathy (all grades) at 3 months, whereas only two
(4%) patients developed grade 3 neuropathy. Only one (3%) patient who developed an increase
in spleen size also developed grade 3 peripheral neuropathy — a result that is significantly
different (p<<0.001) when comparing patients with an increase in spleen size who also developed
peripheral neuropathy of other grades.

Conclusion: An increase in spleen volume possibly precedes a significant peripheral neuropathy
which could be a potential marker for oxaliplatin-induced toxicity.

Keywords: oxaliplatin, toxicity, neuropathy, splenomegaly, neuropathy, hepatic sinusoidal

injury

Introduction
Oxaliplatin is a nonconventional third-generation platinum compound, which differs
from cisplatin in its lack of nephrotoxicity and from carboplatin in its association with
less hematological toxicity and bone marrow suppression.! The clinical development of
oxaliplatin-based regimens started in the 1990s. Oxaliplatin-based therapy is currently
being used in colorectal cancer in the adjuvant, neoadjuvant, particularly for resectable
or initially unresectable liver metastasis, and the metastatic settings.>* FOLFOX, an
oxaliplatin fluorouracil (5-FU)/folinic acid (FA) regimen, consistently improves the
response rates and progression-free survival in metastatic colorectal cancer.* Alterna-
tively, capecitabine with oxaliplatin (Xeloda®) is a feasible combination regimen that
shows the promising antitumor activity in patients with colorectal cancer.’
Oxaliplatin also represents an important chemotherapeutic agent in regimens
used in other gastrointestinal carcinomas such as esophageal cancer or pancreatic
cancer as well as other malignancies such as ovarian, breast, or even non-Hodgkin’s
lymphoma.®’
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Oxaliplatin’s most frequent and clinically relevant adverse
event is neurotoxicity. It mainly manifests as peripheral
neuropathy that is cumulative and dose limiting. Nausea,
vomiting, stomatitis, and mucositis are also reported. Hepato-
toxicity is another adverse event manifested in the increase in
transaminases and alkaline phosphatase® secondary to hepatic
sinusoidal injury. This was first reported by Rubbia-Brandt
et al,® who showed that the development of severe hepatic
sinusoidal injury in resected liver specimens strongly corre-
lates with oxaliplatin use; 34 out of 43 patients (78%) treated
with oxaliplatin showed striking sinusoidal alterations. These
alterations have many similarities to the changes seen in the
sinusoidal obstruction syndrome, which can theoretically lead
to signs and symptoms of portal hypertension.? Clinical and
pathological analyses following oxaliplatin-based neoadju-
vant chemotherapy regimens showed an association between
hepatic sinusoidal injury, portal hypertension, splenomegaly,
and thrombocytopenia.? Several studies highlighted that the
degree of the increase in splenic size strongly correlates with
the reduction in platelets count;>° thus, splenic sequestration
is one of the proposed mechanisms of oxaliplatin-induced
thrombocytopenia.” As for more serious fatal side effects,
overt liver failure and death have been rarely reported.>’

The development of hepatic sinusoidal injury after oxalip-
latin treatment has not been directly correlated with mortality
increase but rather manifested as an increase in postsurgical
morbidity, bleeding risk, the need for blood transfusions,
and hospitalization period. Thus, a method for predicting the
severity of hepatic sinusoidal injury would be highly useful
for patients receiving oxaliplatin, specifically for those who
are planned for possible surgeries.

Increase in splenic size has served as a biomarker for the
risk of oxaliplatin-induced hepatic sinusoidal injury.? How-
ever, the measurement of the splenic size, more specifically
splenic volume, can be tricky. Evaluation of splenic size by
palpation can be extremely inaccurate given that the spleen is
not palpable before it enlarges two to three times its normal
size.!” Various imaging modalities, including conventional
radiography, nuclear scans, ultrasonography, CT scans, and
magnetic resonance (MR) scans, have been used to study
the spleen.!" Volumetric measurements whether based on
the predetermined formulae or the commercially available
volumetric software are most accurately obtained on CT or
MR imaging.!> 4

The primary aim of this study was to measure the
splenic volume of patients on oxaliplatin therapy, before
and during chemotherapy, to detect any increase in splenic
size as a surrogate for early oxaliplatin toxicity. Other

clinical indicators of oxaliplatin toxicity such as peripheral
neuropathy or an increase in transaminases were also
measured and correlated with possible advent increase in
splenic size.

Methods

Study design and patient recruitment

This is a prospective pilot study that was conducted at the

American University of Beirut-Medical Center (AUB-MC),

a large tertiary referral center in Lebanon. The study proto-

col was approved by the Institutional Review Board of the

American University of Beirut. Fifty patients having differ-

ent types of cancers who newly started on oxaliplatin were

recruited from Oncology private clinics and inpatient wards at

AUB-MC, and written informed consent was obtained from

all the patients. Private clinic medical records were reviewed

in order to complete the medical information.

Patients have received several regimens of oxaliplatin in
the following forms and dosages:

Neoadjuvant setting:'

o mFOLFOX: Oxaliplatin 85 mg/m? intravenous (IV) over
2 h; leucovorin 400 mg/m?* IV over 2 h; 5-FU 400 mg/m?
IV bolus on day 1, then 1,200 mg/m?*day for 2 days
continuous infusion. This regimen was repeated every
2 weeks.

e FOLFIRINOX: Oxaliplatin 85 mg/m? IV over 2 h; irinote-
can 180 mg/m? IV over 30-90 min; leucovorin 400 mg/m?
IV infusion to match duration of irinotecan infusion on day
1;5-FU400 mg/m?IV bolus on day 1, then 1,200 mg/m*day
for 2 days continuous infusion. This regimen was repeated
every 2 weeks.

e XELOX: Oxaliplatin 130 mg/m? IV over 2 h; capecitabine
1,000 mg/m? orally twice daily for 14 days. This regimen
was repeated every 3 weeks.

Adjuvant setting:'

o mFOLFOX6: Oxaliplatin 85 mg/m? IV over 2 h; leucovorin
400 mg/m?* IV over 2 h; 5-FU 400 mg/m? IV bolus on
day 1, then 1,200 mg/m?/day for 2 days (total 2,400 mg/m?
over 4648 h) continuous infusion. This regimen was
repeated every 2 weeks.

e FOLFIRINOX: Oxaliplatin 85 mg/m? IV over 2 h; leu-
covorin 400 mg/m? IV over 2 h; irinotecan 180 mg/m?
IV over 90 min, concurrently with leucovorin; 5-FU
400 mg/m? IV bolus, after leucovorin then 400 mg/m?
IV continuous infusion over 46 h.

e XELOX: Oxaliplatin 130 mg/m?* IV over 2 h; capecitabine
1,000 mg/m? orally twice daily on days 1-14, every
3 weeks for eight cycles.
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Initial spleen volume was measured from the patients’
baseline CT scan using the IntelliSpace Portal (ISP) upgraded
system that draws a 3D schematic representation of the spleen
to calculate the splenic volume. Volumetric measurements
were repeated upon several follow-up CTs. Also, side effects
related to oxaliplatin were evaluated at each patient visit and
graded according to the Common Terminology Criteria for
Adverse Events (CTCAE) (grades I, 11, and III).

Patients with preexisting liver cirrhosis, prior splenec-
tomy, or absence of baseline spleen imaging at AUB-MC
were excluded. The percentage change in spleen size com-
pared to baseline, ie, prior to initiation of chemotherapy, is
reported, rather than comparison to a certain cutoff value
of spleen volume. Mean difference with SD in splenic size
progression during chemotherapy course is also reported.

Statistical analysis

All statistical analyses were performed using SPSS software.
The splenic volume before and during chemotherapy will be
compared using the paired #-test. A difference is considered
significant when the p-value is =0.05. Correlational studies
between the increase in spleen size and other known oxaliplatin
side effects were done using chi-square and paired #-tests.

Results
Patient characteristics are shown in Table 1. The median
age at diagnosis was 60 years.

Table | Characteristics of the patients

Parameters Value Percentage  Total Missing
(N=50)
Gender Male 74 (n=37) 50 0
Female 26 (n=13)
Type of Colon 50 (n=25) 50 0
cancer Pancreatic 22 (n=11)
Rectal 16 (n=8)
Gastric 12 (n=6)
Stage \% 58 (n=29) 50 0
1] 34 (n=17)
Il 8 (n=4)
Neoadjuvant FOLFOX 16 (n=8) 15 0
chemotherapy =~ FOLFIRINOX 12 (n=6)
XELOX 2 (n=1)
Adjuvant FOLFOX 40 (n=20) 35 0
chemotherapy =~ FOLFIRINOX 16 (n=8)
XELOX 14 (n=7)
Metastasis None 42 (n=21) 50 0
Liver 48 (n=24)
Lung 2 (n=1)
Others 8 (n=4)

Table 2 Adverse events of oxaliplatin

Events Yes, % No, % Missing
Increase in spleen size 74 (n=37) 24 (n=12) |
Thrombocytopenia 10 (n=5) 88 (n=44) |
Peripheral neuropathy Gl: 42 (n=21) 34 (n=17) 0

G2: 20 (n=10)

G3:4 (n=2)
AST increase 14 (n=7) 44 (n=22) 21
ALT increase 14 (n=7) 46 (n=23) 20

Abbreviations: ALT, alanine transaminase; AST, aspartate transaminase.

Median increase in spleen volume at 3 months was 31%
with a maximum increase of 119%.

Thirty-seven (74%) patients developed an increase in
spleen size. Thirty-three (66%) sampled patients developed
peripheral neuropathy (all grades) at 3 months, of which only
two (4%) patients developed grade 3 neuropathy (Table 2).

Using crosstabs analysis, we examined the relationship
between the percentage increase in spleen size and the fol-
lowing variables: thrombocytopenia (p=0.8), leucopenia
(p=0.05), peripheral neuropathy (»=0.7), and increase in liver
transaminases (p=0.07). Therefore, the increase in spleen size
was not correlated with any of those variables.

Subgroup analysis has shown that 11% (p=1) of those who
developed an increase in spleen size also developed throm-
bocytopenia and 49% (p=0.8) of those who developed an
increase in spleen size also developed peripheral neuropathy.
One (3%) patient who developed an increase in spleen size
also developed grade 3 peripheral neuropathy. This value
turned out to be statistically significant (»p<<0.001) when
comparing patients with an increase in spleen size who also
developed peripheral neuropathy of other grades.

Discussion

Oxaliplatin constitutes an integral medication in the arma-
mentarium against several types of cancers, mainly colorectal
cancer. Nonetheless, it is associated with toxicities. Particu-
larly, hepatotoxicity is a concern to treating physicians. It is
associated with an increase in liver amylases. This is thought
to be due to liver sinusoidal injury, which presents with
histopathological changes similar to the changes seen in the
sinusoidal obstruction syndrome.!¢!#

Most of the imaging modalities used to assess the spleen
have certain disadvantages in providing accurate volume
estimations of the spleen. Radiography and scintigraphy
assume a regular geometric shape of the spleen and only
linear measurements are performed; however, the spleen
is characterized by its irregular shape, which varies widely
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among individuals. Moreover, measurements of spleen
volume using sonography are often limited by the incomplete
scanning of the spleen or by the incomplete visualization of
the organ due to the presence of overlying structures (such
as the left kidney, bowel gas, or bone).'1°

An increase in spleen size also occurs with oxaliplatin
use.”® Thirty-seven (74%) of our patients developed an
increase in spleen size (Table 2). In a study of Korean
patients, 50 participants receiving oxaliplatin were evalu-
ated to detect changes in spleen size and platelet counts.”!
The incidence of splenomegaly (67%) after 12 cycles of
oxaliplatin was close to that found in our study.?!

Another frequent side effect of oxaliplatin use is
thrombocytopenia. Clinical trials reported it in 40% of the
patients.”? Nonetheless, the incidence of thrombocytopenia
in our sample was 10% (Table 2). Some studies reported a
relation between splenomegaly, portal hypertension, and
thrombocytopenia.>?’ So, a possible explanation for the low
incidence of thrombocytopenia in our sample can be because
liver injury has not occurred yet but might develop in future
cycles affecting the platelet count.

Since the development of hepatic sinusoidal injury leads
to portal hypertension and results in splenomegaly, increase
in spleen size has been suggested as a marker of oxaliplatin-
induced hepatotoxicity.?*?!' In a study with 79 patients who
received oxaliplatin-based therapy, Imai et al® identified the
increase in the splenic volume as an independent predictor
of the development of sinusoidal obstruction syndrome.
A study done on 136 patients in MD Anderson Cancer Center
treated with adjuvant oxaliplatin and 5-FU showed that the
increase in spleen volume is an independent predictor of the
development of sinusoidal obstruction syndrome.? Moreover,
Park et al*® evaluated the correlation between chemotherapy-
associated changes of noninvasive liver fibrosis indices
and volumetric changes of the spleen. They found that the
changes in noninvasive liver fibrosis indices showed a good
correlation with the increase in the spleen volume during
oxaliplatin-based chemotherapy. All these support the use of
the increase in spleen volume as an indicator of oxaliplatin
hepatotoxicity.

Only one patient developed an increase in spleen size
along with grade 3 peripheral neuropathy, a result that is
significantly different when comparing the development of
the increase in spleen size with peripheral neuropathy of
lower grades. Thus, it can be hypothesized that developing
an increase in spleen size possibly precedes a significant
peripheral neuropathy (grade 3), allowing this increase
to be a potential marker for oxaliplatin-induced toxicity.
Possible mechanisms of neurotoxicity include decreased

digital nerve conduction velocities with neuronal atrophy
as suggested by Renn et al.?* Oxaliplatin also causes an
increase in the activity of neurons in the spinal dorsal horn
resulting in allodynia and cold hyperalgesia.?**> All these
mechanisms require confirmatory testing with nerve studies.
This further demonstrates the role of increase in spleen size
as a predictor for oxaliplatin neurotoxicity as well as liver
toxicity. The importance of this finding is emphasized by
the need for noninvasive predictors of oxaliplatin toxicity.
A liver biopsy is needed to diagnose sinusoidal obstruction
syndrome, a mechanism for oxaliplatin-induced liver injury.
By contrast, noninvasive predictors of sinusoidal obstruction
syndrome such as the increase in spleen volume have a strong
advantage in terms of providing prognostic information
of clinical relevance and with regard to patient safety and
cost.” Further studies with a larger sample and histological
comparison are needed to validate these findings.

Conclusion

Oxaliplatin-induced liver injury presents an increase in
morbidity especially for patients undergoing resection of
metastasis to the liver in gastrointestinal tumors. Non-
invasive methods are needed to predict oxaliplatin toxicity.
An increase in spleen volume might be an indicator of the
development of oxaliplatin-induced toxicity before clinical
manifestation of the toxicity, which needs to be further
explored in larger studies.
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