
Abstract. Background/Aim: Chemotherapy dose adjustments
in colorectal cancer are usually based on body surface area
(BSA). The goal of this study was to investigate patients with
nutritional disorder who developed early peripheral
neuropathy due to inappropriate dose adjustment of
oxaliplatin. Patients and Methods: The study subjects were 88
patients with advanced or recurrent colorectal cancer who
underwent chemotherapy with oxaliplatin. The psoas muscle
area (PMA) was used as a nutritional index. Mild (grades 0-
1, MN group) and severe (grades 2-3, SN group) peripheral
neuropathy was defined using neurotoxicity criteria of
Debiopharm.  Results: Severe peripheral neuropathy
developed in 29 patients (33.0%). The total oxaliplatin
dose/PMA was significantly higher for the SN group
(107.6±8.5 mg/cm2) and compared with the MN group
(53.8±6.0 mg/cm2) in univariate (p<0.0001) and multivariate
(p=0.012) analyses. Conclusion: In order to prevent
peripheral neuropathy from chemotherapy for colorectal
cancer, dose adjustment of oxaliplatin should be based on
PMA, in addition to BSA.

Oxaliplatin is the key drug in standard chemotherapy
regimens for the treatment of advanced and recurrent
colorectal cancer. However, accumulated oxaliplatin induces
peripheral neuropathy in some cases, and the chemotherapy
regimen consequently has to be terminated. The current
strategy in use of oxaliplatin is to make dose adjustments
based on body surface area (BSA) (1), but we have
encountered patients in whom the chemotherapy regimen
could not be continued because of development of peripheral
neuropathy earlier than expected.

Depletion of the psoas muscle has an adverse impact on
gastrointestinal cancer treatment and early postoperative
ambulation. We have shown that the psoas muscle volume
assessed by computed tomography (CT) is related to the
duration of chemotherapy and is an independent prognostic
factor in patients with advanced colorectal cancer (2). In this
study, we investigated the influence of the psoas muscle
volume on dose adjustments of oxaliplatin in patients with
advanced colorectal cancer.

Patients and Methods

Patient population and data collection. A total of 97 patients with
advanced or recurrent colorectal cancer underwent chemotherapy
with oxaliplatin at our Department between December 2009 and
August 2017. Of these patients, five who underwent conversion to
resection of metastatic lesions and four who were not followed-up
were excluded from the study. The other patients were followed-up
until discontinuation of oxaliplatin chemotherapy (January 31, 2018)
by outpatient clinic consultation, and via telephone or letter. The
median and mean follow-up periods were 102 and 130 days
(range=14-729 days), respectively. A retrospective study of
clinicopathological factors was performed. Approval for the study
from our hospital Ethics Committee was waived because of the
retrospective design.

Dose calculation and neuropathy grading. BSA was calculated by
the Dubois formula as 0.007184×[height (m)]0.725 ×[weight
(kg)]0.425. The psoas muscle area (PMA) was calculated as the sum
of the bilateral cross-sectional psoas muscle areas (cm2) on CT. The
total accumulated dose (TD) of oxaliplatin per unit BSA or PMA for
each patient was defined as TD/BSA (mg/m2) and TD/PMA
(mg/cm2), respectively. The severity of neuropathy was judged using
the neurotoxicity criteria of Debiopharm (DEB-NTC) (Table I) (3).

Comparison of cases with mild and severe neuropathy. Associations
between neuropathy severity and clinicopathological factors,
including TD/BSA and TD/PMA, were examined in univariate and
multivariate analyses of cases with mild (grades 0-1, MN group)
and severe (grades 2-3, SN group) neuropathy based on the DEB-
NTC criteria. Relationships with BSA and PMA were examined for
each patient. Cut-off values of TD/BSA or TD/PMA were defined
to discriminate between MN and SN groups using logistic
regression analysis. The relationship between the actual dose
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administered to each patient in the SN group and the cut-off values
were analyzed. In order to compare the number of cycles permitted
in view of calculated doses from BSA and PMA in the SN group,
the number of cycles of oxaliplatin administration before reaching
each cut-off value was also examined.

Image analysis. CT scans for planning of staging were used for
measuring the cross-sectional area of the psoas muscles at the
inferior border of the third lumbar vertebra (L3) (Figure 1). PMA is
normally assessed by measuring the psoas muscle at L3 because
skeletal muscle and adipose tissue areas at L3 are significantly
related to whole-body tissue mass in healthy adults (4) and patients
with cancer (5). The muscle cross-sectional area was computed by
summing tissue pixels and multiplying by the pixel surface area.

Statistical analysis. Statistical analysis and graphing were performed
with JMP 7.0.1 (SAS Institute Inc., Tokyo, Japan). Continuous data
are expressed as the median or mean, depending on the data
distribution. A chi-square test and t-test (or Fisher test) were used
for univariate comparisons. Multivariate analysis of independent
factors related to severity of neuropathy was performed using a
logistic regression model with variables that were significant factors
in univariate analysis. In all analyses, a value of p<0.05 was
considered to indicate significance.

Results

Severe neurotoxic adverse events developed in 29 patients,
including 26 of grade 2 of the DEB-NTC classification, and
three of grade 3. The PMA range was 2.65-22.07 cm2 and the
mean PMA was 12.38±4.53 cm2. The chemotherapy regimens
were oxaliplatin/5-fluorouracil/leucovorin (FOLFOX) (n=54)
and capecitabine/oxaliplatin (CapeOX) (n=34), with or
without a molecular targeted drug for each regimen. No
patient received neoadjuvant chemotherapy. 

The clinicopathological features of patients of the SN and
MN groups are listed in Table II. There were significant
differences between groups: additional molecular targeted
medicine was given more frequently to the SN group (96.6%
vs. 71.2%, p=0.0047), body weight loss of more than 2 kg was
more frequent in the SN group (48.3% vs. 24.5%, p=0.0481),
and both TD/BSA (588.9±43.5 vs. 445.9±30.5 mg/m2,
p=0.0085) and TD/PMA (107.6±8.5 vs. 53.8±6.0 mg/cm2,
p<0.0001) were significantly higher in the SN group but there
were no significant differences in factors associated with

tumor histology or operative procedures. In multivariate
analysis, body weight loss and TD/PMA were independent
factors associated with severity of peripheral neuropathy.

Comparative analyses of BSA and PMA for all patients are
shown in Figure 2. As shown graphically, for any given BSA,
the PMA for patients of the SN group is distributed at a
significantly lower range than that for the MN group. The
optimal cut-off for TD/PMA was found to be 65.36 mg/cm2,
with a sensitivity of 74.1%, specificity of 71.9%, and accuracy
of 72.6% for prediction of peripheral neuropathy. An analysis
using the actual dose showed that 20 patients were
administered an oxaliplatin dose above the TD/PMA cut-off
value. Among these patients, three received oxaliplatin at a
total dose under the cut-off value for TD/BSA, but over the
value for TD/PMA (Figure 3), and all three developed grade
2 neuropathy, but still underwent the next cycle of
chemotherapy. An analysis of the permitted number of
oxaliplatin cycles for the SN group revealed that for 13
patients, the administered dose did not reach the cut-off values
of TD/BSA or TD/PMA. Among the other 16 patients, for 13
the TD/PMA cut-off was reached sooner than the TD/BSA
cut-off. The difference in frequencies for reaching the two cut-
offs ranged from 1 to 5, with an average of 2 (Figure 4).

Discussion
Oxaliplatin is a third-generation platinum drug that is
particularly effective for treatment of gastrointestinal cancer
and is included in the FOLFOX and XELOX regimens for
advanced and recurrent colorectal cancer. Chemotherapy-
induced peripheral neurotoxicity (CIPN) is one of the adverse
effects of therapy with oxaliplatin. CIPN is an age-old problem
but there are still many aspects of its mechanism that are
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Table I. Neurotoxicity criteria of Debiopharm (3).

Grade 0      Nothing abnormal detected
Grade 1      Development of peripheral neurological symptoms
                   Disappear within less than 7 days
Grade 2      Peripheral neurological symptoms persist for 7 or more days
                   Without functional disorder
Grade 3      Development of functional disorder

Figure 1. Total bilateral psoas muscle and all trunk cross-sectional
areas in computed tomographic images at the inferior border of the
third lumbar vertebra.



unclear and prevention has not been established. Several trials
of drugs to control CIPN have not resulted in sufficient efficacy
(6). CIPN is a complicated adverse event that may stop patients
from continuing chemotherapy and worsens prognosis. CIPN
is classified into axonopathy, neuronopathy and myelinopathy
based on the etiological mechanism. Oxaliplatin causes
neuronopathy, which occurs due to cell death in neural ganglia
of the dorsal spinal nerve root. Neuronopathy is thought to be
hard to reverse because of damage to the neuron itself, even if
drug administration is stopped, but 40% of patients with
neurotoxic adverse events show complete recovery 8 months
after oxaliplatin is stopped (7).

Prevention and management of CIPN are likely to improve
the results of cancer therapy and quality of life (QOL) of
patients, but the main strategy at present is discontinuation of
the offending drug. CIPN is thought to be related to the
accumulated dose, and some approaches to prevention of
symptoms have been developed (8). In the GERCOR study,
the safety and efficacy of interruption of oxaliplatin after six
cycles in a FOLFOX regimen was verified (9). As a result of
this study, the Stop and Go strategy has become a standard
approach in chemotherapy for advanced colorectal cancer.
The limit for the cumulative dose of oxaliplatin is 680 mg/m2,
with 30% of patients at risk of grade 2 peripheral neuropathy
if this limit is exceeded (10). The limit for the accumulated
dose in each case is calculated using BSA. However, some
patients develop neuropathy sooner than predicted, and our
experience suggests that prevention of neuropathy using this
method may not always be adequate in clinical practice. 

Depletion of skeletal muscle volume, characterized by
increased decomposition and reduced synthesis of proteins in
skeletal muscle tissue, results in marked depletion of lean body

mass (11). We have shown that the psoas muscle status on CT
is related to the duration of chemotherapy and is an
independent prognostic factor in advanced colorectal cancer
(2). This muscle status may also be a useful index of
physiological potential for prediction of the risk of
complications after digestive surgery. Otsuji et al. found that
skeletal muscle depletion increased morbidity, including liver
failure, after major hepatectomy with extrahepatic bile duct
resection (12), and Joglekar et al. showed that reduced muscle
volume is a significant predictor of complications after
pancreatectomy (13). We also suggested that the balance of
psoas muscle volume and body trunk, named the ‘PandA
Ratio’, might be a predictor of complications after laparoscopy-
assisted gastrectomy in patients with gastric cancer (14).

Based on these findings, reduction of the psoas muscle
volume is now widely used as an index for poor outcomes
of cancer treatment. Therefore, we analyzed the impact of
evaluation of PMA on CT images on peripheral neuropathy
induced by oxaliplatin chemotherapy in patients with
advanced and recurrent colorectal cancer. BSA is generally
calculated from the patient's height and weight, but body
weight might be modified if the patient develops edema or
stored ascites because of inflammation or malnutrition
caused by the original disease. Consequently, BSA may vary
markedly. CT images are utilized for cancer staging and
planning of therapy, and are convenient for evaluation of
tissue volume such as skeletal muscle. These images are
routinely available in clinical records and this assessment
places no additional stress on the patient.
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Figure 3. Three patients in the group with severe neuropathy received
oxaliplatin at a total dose (TD) under the cut-off value for TD/body
surface area (BSA), but over the value for TD/psoas muscle area (PMA).

Figure 2. Relationship of body surface area (BSA) with psoas muscle
area (PMA) for all patients with mild (MN) or severe (SN) neuropathy. 



Several molecular targeted drugs have emerged as
breakthroughs in advanced and recurrent colorectal cancer
therapy with cytotoxic drugs (15). In univariate analysis in
the present study, there was a significant difference of
neuropathy grade with and without use of these drugs. In
particular, 28 out of 29 patients with severe neuropathy had
also received molecular targeted drugs: 27 received an
antibody to vascular endothelial growth factor (VGEF) and
one was treated with an anti-epidermal growth factor
receptor (EGFR) drug. In advanced and recurrent colorectal
cancer, mutation tests for RAS gene are widely used to
select patients for treatment with anti-VEGF or anti-EGFR.
In previous reports, patients with colorectal cancer who
received anti-VEGF drugs had adverse events of oral
mucosal ulcers and diarrhea (16), but neurotoxic adverse
events in molecular targeted therapy have not been
described. In the current study, molecular targeted therapy

was not an independent risk factor in multivariate analysis.
We interpret this result as indicating that the worsened
neurotoxicity was due to another factor related to
nutritional disorder caused by the digestive adverse effects
mentioned above.

Body weight loss could be a factor that increases the
incidence of various adverse events and causes reduced
compliance with chemotherapy after surgery. In a retrospective
multivariate analysis of 103 patients with gastric cancer,
Aoyama et al. found that body weight loss of 15% or more at
1 month after surgery was a significant risk factor for
discontinuation of S-1 adjuvant chemotherapy (17). Yamaoka
et al. showed that body weight loss during chemotherapy was
derived from depletion of skeletal muscle volume (18), and in
the current study we found that body weight loss of 2 kg or
more was an independent risk factor for severe neuropathy.
These finding suggest that malnutrition with depletion of
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Table II. The clinicopathological features of patients of the severe neuropathy (SN) and mild neuropathy (MN) groups.

                                                                                                                                 Univariate analysis                                          Multivariate analysis

                                                                                                       SN group                 MN group                 p-Value                95% CI              p-Value

Number                                                                                                29                              59                                                                                      
Background                                                                                                                                                                                                                      
  Age, years                                       Mean±SD                            66.3±2.0                    68.9±1.4                     0.283                                                  
  Gender, n                                         Female/male                           14/15                         24/35                        0.648                                                  
  BSA, m2                                          Mean±SD                           1.59±0.03                  1.55±0.02                    0.253                                                  
  BW, kg                                            Mean±SD                            57.7±1.8                    55.2±1.3                     0.264                                                  
  Status, n                                          Stage4/rec.                              19/10                         35/24                        0.646                                                  
Pathological factors                                                                                                                                                                                                         
  Origin, n                                          Colon/rectum                         19/10                         37/22                      >0.99                                                     
  Tumor size, mm                             Mean±SD                            52.1±4.9                    56.8±3.4                     0.428                                                  
  pT, n                                                1-4a/4b                                    23/3                           52/5                         0.701                                                  
  pN, n                                               0/1-3                                        6/21                          13/42                      >0.99                                                     
  Macroscopic type, n                       Diffuse/focal                           7/18                          20/37                        0.615                                                  
  Histology, n                                    Well/other                               11/16                         23/36                      >0.99                                                     
  pStage, n                                         0-II/III, IV                               4/24                          10/48                      >0.99                                                     
  ly, n                                                 0/1-3                                        1/24                           5/51                         0.661                                                  
  v, n                                                   0/1-3                                       11/14                         21/35                        0.628                                                  
Operative factors                                                                                                                                                                                                              
  Approach, n                                    Laparoscopy/open                   8/18                          18/39                      >0.99                                                     
  Original lesion, n                            Removed/remnant                   25/2                           54/2                         0.593                                                  
  LND, n                                            D1-2/D3                                 12/14                         25/30                      >0.99                                                     
  Operative time, min                       Mean±SD                          266.0±33.2                282.4±22.4                   0.683                                                  
  Blood loss, g                                                                             377.0±214.2             601.0±144.7                  0.389                                                  
Chemotherapy factors                                                                                                                                                                                                      
  Regimen, n                                      FOLFOX/CapeOX                 17/12                         37/22                        0.817                                                  
  Molecular targeted therapy, n        Yes/no                                      28/1                          42/17                        0.005              −2.599-−0.168        0.053
  No. of cycles                                   Mean±SD                             6.6±0.5                      5.7±0.4                      0.156                                                  
  ΔBW, kg                                         >−2.0/≤−2.0                           15/14                         40/13                        0.048              −1.307-−0.094        0.027
  Total OX. dose/BSA, mg/m2         Mean±SD                          588.9±43.5                 445±30.5                     0.009              −0.627-0.708          0.863
  Total OX. dose/PMA, mg/cm2      Mean±SD                           107.6±8.5                   53.8±6.0                   <0.000*              0.224-1.626          0.012

BSA: Body surface area; BW: body weight; FOLFOX: fluorouracil/leucovorin/oxaliplatin; CapeOX: capecitabine/oxaliplatin; LND: lymph node
dissection; ly: histological lymph system invasion; MN: mild neuropathy; pN: pathological N grade; SN: severe neuropathy; pT: pathological T
grade; v: histological vessel invasion; rec.: recurrence; Well: well-differentiated. Significant differences are shown in bold.



skeletal muscle can have a significant impact on the
mechanism of development of neuropathy.

Reduction of skeletal muscle is often considered to be
involved in weight loss, but skeletal muscle volume reduction
itself is not often used as an index for drug dose control. The
skeletal muscle volumes of patients with the same BSAs are
not necessarily equal, but in actual clinical practice, dose
adjustments of oxaliplatin are calculated from the BSA.
Therefore, the same dose of drugs might be administered to
patients with different muscle volumes. Our analysis of the
relationship between muscle volume and BSA showed that
patients with severe neuropathy had smaller volumes of psoas
muscle than those with mild neuropathy, despite BSAs being
equal. The approximate linear relationship between BSA and
PMA is: PMA= BSA×16.6-13.5. This equation indicates that
PMAs of 10, 11.5 and 13 cm2 are equivalent to approximate
BSAs of 1.4, 1.5 and 1.6 m2, respectively.

An increase in the concentration of intracellular
glutathione (GSH) has been shown to have a strong
correlation with resistance to cisplatin therapy in leukemia
and ovarian cancer cells (19, 20). This finding has focused
attention on the role of GSH in the mechanism of resistance
to cisplatin therapy. Nishimura et al. found that increased
immunohistological activity of glutathione S-transferase
(GST), which mediates the GSH conjugation reaction with
cisplatin, significantly reducing the anticancer efficacy of
cisplatin chemotherapy (21). Therefore, conjugation to GSH
is considered to be an important factor in platinum-based
chemotherapy. GSH is a tri-peptide that is synthesized in the

liver and has antioxidant properties, including elimination of
reactive oxygen species that develop inside the cell. GSH
decreases in skeletal muscle and increases in liver tissue
during exercise (22), and GSH secreted into blood is taken
up by skeletal muscle. This results in removal of oxygen
radicals generated by exercise and prevents fatigue. Muscle
tissue does not include a large amount of GSH itself, but
oxidized glutathione (GSSG) increases and GSH decreases
in atrophied muscle due to stress or cast immobilization (23).
These reports suggest that patients with low PMA also have
reduced metabolism and detoxification activities due to
lower levels of GSH.

Dose planning using PMA may be effective for more
precise prevention of neuropathy compared to planning with
BSA alone. In the present study, we found that a small
population of patients should have stopped chemotherapy with
oxaliplatin one or two cycles earlier. For example, patients
with a smaller PMA might receive maintenance chemotherapy
sooner than the commonly suggested time. However, careful
planning is required to stop oxaliplatin sooner than suggested,
since this drug has a high response rate in colorectal cancer.
Therefore, there is a need to determine the point at which there
will be no reduction of anticancer efficacy in more cases, as
performed in the IDEA (24) and OPTIMOX (8) trials.
However, stopping a drug suspected to be causing CIPN
almost always reduces the anticancer effect, except for a few
reports in colorectal cancer. Therefore, patients with severe
CIPN should be treated with an alternative drug when
possible. If no alternative drugs are available, stopping or
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Figure 4. The difference in number of cycles required to reach the two cut-offs for oxaliplatin (OX) in the group with severe neuropathy. TD/BSA:
Total dose by body surface area; TD/PMA: total dose by psoas muscle area.



reducing therapy requires careful consideration and informed
consent, based on the patient understanding the advantages
and disadvantages. Clear planning is required before reducing
or stopping a suspect drug in adjuvant therapy with a fixed
and limited schedule, or in curative chemotherapy for
hematological cancer. Patients should have the chance for full
recovery and prevention of a decline in quality of life by
completing these therapeutic courses.

In conclusion, improved prevention of peripheral
neuropathy in chemotherapy for colorectal cancer may be
achieved by dose adjustment of oxaliplatin based on PMA,
in addition to BSA. 
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