J §

World Journal of
Gastrointestinal Surgery

Submit a Manuscript: http:/ /www.wjgnet.com/esps/
Help Desk: http:/ /www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.4240/wigs.v7.i7.116

World | Gastrointest Surg 2015 July 27; 7(7): 116-122
ISSN 1948-9366 (online)
© 2015 Baishideng Publishing Group Inc. All rights reserved.

ORIGINAL ARTICLE

Retrospective Study

Accuracy of computed tomography in nodal staging of colon
cancer patients

Audrey H Choi, Rebecca A Nelson, Hans F Schoellhammer, Won Cho, Michelle Ko, Amanda Arrington,
Christopher R Oxner, Marwan Fakih, Jimmie Wong, Stephen M Sentovich, Julio Garcia-Aguilar, Joseph Kim

Audrey H Choi, Hans F Schoellhammer, Won Cho, Michelle
Ko, Amanda Arrington, Christopher R Oxner, Stephen M
Sentovich, Julio Garcia-Aguilar, Joseph Kim, Department of
Surgery, City of Hope National Medical Center, Duarte, CA 91010,
United States

Rebecca A Nelson, Department of Biostatistics, City of Hope
National Medical Center, Duarte, CA 91010, United States

Marwan Fakih, Department of Medical Oncology, City of Hope
National Medical Center, Duarte, CA 91010, United States

Jimmie Wong, Department of Radiology, City of Hope National
Medical Center, Duarte, CA 91010, United States

Author contributions: Choi AH and Nelson RA contributed equally
to this work; Garcia-Aguilar J and Kim J designed the research;
Choi AH, Schoelhammer HF, Cho W, Ko M, Arrington A, Oxner
CR, Wong J and Garcia-Aguilar J acquired the data; Choi AH,
Nelson RA, Schoelhammer HF, Cho W and Oxner CR analyzed
the data; Choi AH, Nelson RA, Schoelhammer HF, Cho W and Ko
M wrote the manuscript; Arrington A, Oxner CR, Fakih M, Wong
J, Sentovich SM, Garcia-Aguilar J and Kim J provided critical
revisions for intellectual content; all authors provided final approval
of the manuscript.

Institutional review board statement: The study was reviewed
and approved by the City of Hope Institutional Review Board.

Informed consent statement: N/A.

Conflict-of-interest statement: The authors have no relevant
disclosures pertaining to this work.

Data sharing statement: Dataset available from the corresponding
author at jokim@coh.org.

Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and

Roishidenge ~ WJGS | www.wjgnet.com

the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Correspondence to: Joseph Kim, MD, Department of Surgery,
City of Hope National Medical Center, 1500 East Duarte Rd,
Duarte, CA 91010, United States. jokim@coh.org

Telephone: +1-626-4767100

Fax: +1-626-3018865

Received: March 3, 2015
Peer-review started: March 3, 2015
First decision: March 20, 2015
Revised: April 6, 2015

Accepted: June 9, 2015

Article in press: June 11, 2015
Published online: July 27, 2015

Abstract

AIM: To predict node-positive disease in colon cancer
using computed tomography (CT).

METHODS: American Joint Committee on Cancer stage
I - colon cancer patients who underwent curavtive-
intent colectomy between 2007-2010 were identified
at a single comprehensive cancer center. All patients
had preoperative CT scans with original radiology
reports from referring institutions. CT images underwent
blinded secondary review by a surgeon and a dedicated
abdominal radiologist at our institution to identify
pericolonic lymph nodes (LNs). Comparison of outside
CT reports to our independent imaging review was
performed in order to highlight differences in detection in
actual clinical practice. CT reviews were compared with
final pathology. Results of the outside radiologist review,
secondary radiologist review, and surgeon review were
compared with the final pathologic exam to determine
sensitivity, specificity, positive and negative predictive
values, false positive and negative rates, and accuracy
of each review. Exclusion criteria included evidence
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of metastatic disease on CT, rectal or appendiceal
involvement, or absence of accompanying imaging from
referring institutions.

RESULTS: From 2007 to 2010, 64 stage I -1l colon
cancer patients met the eligibility criteria of our study.
The mean age of the cohort was 68 years, and 26 (41%)
patients were male and 38 (59%) patients were female.
On final pathology, 26 of 64 (40.6%) patients had node-
positive (LN+) disease and 38 of 64 (59.4%) patients
had node-negative (LN-) disease. Outside radiologic
review demonstrated sensitivity of 54% (14 of 26
patients) and specificity of 66% (25 of 38 patients) in
predicting LN+ disease, whereas secondary radiologist
review demonstrated 88% (23 of 26) sensitivity and
58% (22 of 38) specificity. On surgeon review, sensitivity
was 69% (18 of 26) with 66% specificity (25 of 38).
Secondary radiology review demonstrated the highest
accuracy (70%) and the lowest false negative rate (12%),
compared to the surgeon review at 67% accuracy and
31% false negative rate and the outside radiology review
at 61% accuracy and 46% false negative rate.

CONCLUSION: CT LN staging of colon cancer has mod-
erate accuracy, with administration of NCT based on CT
potentially resulting in overtreatment. Active search for
LN+ may improve sensitivity at the cost of specificity.

Key words: Colon cancer; Lymph nodes; Clinical staging;
Computed tomography; Neoadjuvant therapy

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Clinical staging to determine eligibility for
neoadjuvant trials requires accurate imaging. This study
compares lymph node identification on preoperative
computed tomography (CT) scans by outside radiologists,
a tertiary cancer center radiologist and a surgeon,
mirroring referral patterns to tertiary care facilities. While
re-review of CT scans by a tertiary center radiologist
improved sensitivity of lymph node detection, CT staging
of colon cancer demonstrated moderate accuracy
overall. Our findings suggest that the administration of
neoadjuvant chemotherapy based on preoperative CT
staging would potentially result in overtreatment of colon
cancer patients.

Choi AH, Nelson RA, Schoelhammer HF, Cho W, Ko M,
Arrington A, Oxner CR, Fakih M, Wong J, Sentovich SM,
Garcia-Aguilar J, Kim J. Accuracy of computed tomography
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Surg 2015; 7(7): 116-122 Available from: URL: http://www.
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INTRODUCTION

Adjuvant chemotherapy is well-established for treating
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colon cancer patients with American Joint Committee
on Cancer (AJCC) stage Tl disease!™. More recently, there
has been growing interest in administering neoadjuvant
chemotherapy (NCT) prior to planned surgical resection
to reduce disease recurrence in high-risk tumors.
Preliminary results from the Fluoropyrimidine, Oxaliplatin
and Targeted-Receptor preOperative Therapy (FOXTROT)
trial for patients with high-risk operable colon cancer, an
ongoing phase Il randomized controlled trial in the United
Kingdom, have demonstrated that NCT for operable,
locally-advanced colon cancer can downstage tumors'.
Patients for the study were selected on the basis of having
either T3 tumors with = 5 mm extramural tumor depth
or T4 tumors by computed tomographic (CT) imaging.
Nodal stage was not specifically used as inclusion criteria
for the study and only 52% of patients randomized to
the adjuvant chemotherapy group demonstrated nodal
involvement on final pathologic exam.

Unlike rectal cancer, where neoadjuvant chemor-
adiation is frequently utilized based on staging with
endorectal ultrasound (ERUS) or magnetic resonance
imaging (MRI)®*, the administration of NCT for patients
with resectable colon cancer is controversial. In order
to appropriately select colon cancer patients for NCT,
an accurate and reliable imaging modality for detecting
involved lymph nodes (LN) is mandatory. Due to low
sensitivity, MRI and positron emission tomography
(PET) are not favorable imaging studies for preoperative
pathologic LN detection®®!. In contrast, CT is currently
the most commonly used imaging study used to stage
colon cancer patients preoperatively, particularly to
identify liver, lung, and other sites of distant metastases
that may exclude patients from NCT trials®**. Our
objective was to determine the utility and accuracy of
preoperative CT scan in detecting regional colon cancer
LN metastases by comparing outside CT reports to
independent imaging review at a referral center in order
to highlight differences in detection in actual clinical
practice.

MATERIALS AND METHODS

Patient selection

After obtaining approval from the Institutional Review
Board, we identified and analyzed the medical records of
64 colon cancer patients with AJCC stage | -1l disease
who underwent curative resection between 2007 and
2010 at City of Hope Comprehensive Cancer Center.
Exclusion criteria included evidence of metastatic disease
on CT, rectal or appendiceal involvement, or absence
of accompanying imaging from referring institutions.
Medical records were reviewed for demographic and
treatment-related variables.

Data collection

Prior to treatment at our institution, patients had CT
imaging performed at outside community hospitals
or imaging centers. Outside CT images and radiology
reports were obtained on all patients. Secondary
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64 colon cancer patients
with CT scans from
referring institutions

Original radiology
report review for LN+

Secondary radiologist
review for LN+

Surgeon review for
LN+

Comparison to lymph node
status on final pathology

Statistical analysis

Figure 1 Study design. CT: Computed tomography; LN+: Lymph node positive.

imaging review of the original outside CT scans was
conducted by a surgeon and an abdominal imaging
radiologist at our institution. They were blinded to
the original radiologic report final pathology exam
and reviewed the images with the specific goal to
identify mesenteric LNs (Figure 1). Once reviewed,
each observer’s results were compared with the final
pathology.

Imaging review

Patients were staged according to the AJCC 7" edition
TNM classification system. Variables examined in our
study included age, sex, location of primary tumor,
T stage, and N stage. Radiographic LN involvement
was defined when the longest LN diameter was >
1.0 cm or was 0.7-1.0 cm in size with round shape,
heterogeneity, eccentricity, hilar thinning, calcification,
central necrosis, or perinodal infiltration. Based on
the radiographic review, each patient was designated
either lymph node positive (LN+) or lymph node
negative (LN-). The reports from outside radiologists
were reviewed and the absence of pathologic LN
identification was recorded as LN-.

Statistical analysis

Results of the outside radiologist review, secondary
radiologist review, and surgeon review were compared
with the final pathologic exam to determine sensitivity,
specificity, positive (PPV) and negative predictive values
(NPV), false positive and negative rates, and accuracy
of each review. Both binomial 95%CI and asymptotic
P-values were calculated to determine the statistical
significance of each observer’s results compared to
a null hypothesis of 50% (i.e., results expected due
to random chance). The association between clinical
factors and the accuracy of LN detection was also
examined.
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RESULTS

Study population

From 2007 to 2010, 64 stage I -1 colon cancer
patients met the eligibility criteria of our study (Table 1).
The mean age of the cohort was 68 years, and 26
(41%) patients were male and 38 (59%) patients
were female. Tumors were located in the sigmoid colon
(n = 18, 28%), the ascending colon (n = 16, 25%),
or the cecum (n = 14, 22%). On final pathology, 19
(30%) patients were stage 1, 19 (30%) were stage 1T,
and 26 (40.6%) patients were stage IlI. LN- disease
was diagnosed in 38 patients and LN+ disease in 26
patients. In the LN+ cohort, 17 patients had N1 disease
and 9 patients had N2 disease. All patients in our study
had = 12 LNs removed with a median of 22 LNs.

Nodal identification by different reviewers
Outside radiology review only identified 14 of 26 LN+
patients and 25 of 38 LN- patients (Table 2). The
sensitivity, specificity, and accuracy for the original
radiology review for predicting LN disease were
calculated, as were PPV, NPV, false positive rate, and
the false negative rate (Table 3). The original radiology
review had the lowest sensitivity and highest false
negative rate compared with the secondary radiologist
and surgeon review. Figure 2 shows an example of a
LN- CT by the original radiologist; however, this case
was LN+ on final pathology, secondary radiology, and
secondary surgical reads.

The secondary radiologist correctly identified 23
of 26 LN+ cases and 22 of 38 LN- cases (Table 2).
Of the three observers, the secondary radiologist
demonstrated the highest sensitivity and accuracy
for LN+ detection, 88% (95%CI: 76%-100%, P
< 0.01) and 70% (95%CI: 59%-82%, P < 0.01),
respectively. The accuracy of the secondary radiologist
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Table 1 Patient demographic and final pathologic characteristics

Characteristics n = 64 (%)
Age (yr)! 67.6+12.38
Sex
Male 26 (40.6)
Female 38 (59.4)
Tumor location
Cecum 14 (21.9)
Ascending colon 16 (25.0)
Transverse colon 6(9.4)
Splenic flexure 1(1.6)
Descending colon 6(94)
Sigmoid colon 18 (28.1)
Rectosigmoid 3(4.7)
Pathologic stage
Stage I 19 (29.7)
Stage I 19 (29.7)
Stage III 26 (40.6)
N stage
NO 38 (59.4)
N1 17 (26.5)
N2 9 (14.1)
"Mean = SD.

was approximately 10% higher than that of outside
radiologist review (Table 3).

Surgeon review correctly predicted 18 of 26 LN+
patients and 25 of 38 LN- patients (Table 2). Of the
three observers, sensitivity and accuracy of the surgeon
review were better than the original radiology review, but
not as high as the secondary radiology review (Table 3).
The surgeon review had comparable specificity to
original radiology review.

Clinical predictors of lymph node identification accuracy
Location of the tumor, sex, body mass index (BMI),
and number of LN examined on final pathology
were analyzed to determine whether these variables
correlated with improved accuracy of LN detection
on preoperative CT scan reviewed by the secondary
radiologist. LN detection in female patients tended
to be more accurate than male patients (76% vs
63%, P = 0.27) and BMI < 25 also tended to improve
accuracy of LN detection (84% vs 67%, respectively;
P = 0.16). Total number of LNs examined and location
of the tumor did not predict LN detection accuracy (P
= 0.91 and P = 0.87, respectively).

DISCUSSION

Given the promising outcomes of preoperative and
perioperative therapies in other gastrointestinal malign-
ancies™'**, NCT for node-positive colon cancer
remains of great interest. The theoretical benefits of
NCT include the reduction of micrometastatic disease
and tumor shedding during surgery, and use of tumor
response to neoadjuvant chemotherapy to guide further
adjuvant therapies if needed after surgery. In addition,
patients may be better able to tolerate full-dose
chemotherapy regimens in the preoperative rather than
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Table 2 Comparison of lymph node status prediction by

computed tomography against final pathologic examination
for three observers

Final pathology (» = 64)
LN+ (7 = 26) LN- (» = 38)

Original radiologist
LN+
LN-

Secondary radiologist
LN+
LN- 3

Surgeon
LN+
LN- 8

14
12

113
25

16
22

13
25

LN+: Lymph node positive; LN-: Lymph node negative.

postoperative setting. To determine which patients may
benefit most from NCT, accurate preoperative imaging
to assess nodal disease is essential.

Our study compared CT reviews by the original
radiologist and two secondary reviewers (a radiologist
and a surgeon) with the final pathology. While the
original radiology reviews had low sensitivity, the
results from the secondary radiologist and surgeon
reviews were comparable to contemporary studies
on LN staging by CT. For example, in a meta-analysis
of 19 studies that included 907 patients, the overall
sensitivity of CT for LN+ detection was 70% and
the specificity was 78%!"*. While the majority of
prior reports used results obtained only by dedicated
abdominal radiologists™******®!, our study sought to
investigate CT reviews performed by three different
clinical perspectives in order to compare and contrast
the reading results. This approach was designed to
mirror actual clinical practice, particularly in tertiary care
and referral centers, as patients frequently arrive for
initial consultation with outside imaging and reports of
variable quality. The sensitivity rates from the original
radiology reviews were lower than those from the
secondary reviewers, and it is possible that these higher
rates of false negatives exist because LN+ detection
and staging were not the primary focus of the original
review. Compared with the outside radiology review,
sensitivity and accuracy for lymph node detection
improved with active search for lymphadenopathy
on secondary review, while specificity tended to
decrease. These findings highlight the importance of
independently reviewing outside imaging studies prior
to clinical decision making. Of note, in order to avoid
multiple insurance charges for preoperative imaging,
the majority of patients did not undergo repeat CT
scans at our institution. Thus, we were unable to make
comparisons in LN detection between outside CT scans
and our institutional CT scans.

While CT is the most commonly utilized imaging
modality for preoperative staging in colon cancer, the
use of PET and MRI for metastatic lymph node detection
has been studied by other investigators. PET/CT generally
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Table 3 Statistical analysis of lymph node status prediction by computed tomography against final pathologic examination for three

observers (7 = 64)

NPV FPR FNR Accuracy

(95%Cl, P-value) (95%CI, P-value) (95%CI, P-value) (95%CI, P-value) (95%CIl, P-value) (95%CI, P-value) (95%CI, P-value)

Sensitivity Specificity PPV
Original 54% 66% 52%
radiologist (35%-73%, (51%-81%, (33%-71%,

P =0.69) P =0.05) P =10.85)
Secondary 88% 58% 59%
radiologist (76%-100%, (42%-74%, (44%-74%,

P <0.01) P =0.33) P =0.26)
Surgeon 69% 66% 58%

(51%-87%,
P =0.05)

(51%-81%,
P =0.05)

(41%-75%,
P=037)

34%
(19%-49%,
P =0.05)
42%
(26%-58%,

46%
(27%-65%,
P =0.69)
12%
(0%-24%,

68%
(52%-83%,
P =0.03)
88%
(75%-100%,

61%
(49%-73%,
P =0.08)
70%
(59%-82%,

P <0.01) P=0.33) P <0.01) P <0.01)
76% 34% 31% 67%
(61%-90%, (19%-49%, (13%-49%, (56%-79%,
P <0.01) P =0.05) P =0.05) P =0.01)

P-value indicates significance of the observer’s statistic compared null hypothesis of 0.5. PPV: Positive predictive value; NPV: Negative predictive value;

FPR: False positive rate; FNR: False negative rate.

Figure 2 Computed tomography image showing positive nodal disease.
This computed tomography image read by outside radiologist as lymph node
(LN) negative disease was confirmed to be LN positive by final pathology (arrow
head). Contiguous with the base of the appendix, an irregular cecal soft tissue
mass (4.5 cm x 2.2 cm x 3.2 cm) can be seen (arrow).

demonstrates lower sensitivity than CT aloneP™!,
Because PET lacks the spatial resolution of CT, even
when combined with CT, increased fluorodeoxyglucose
(FDG) uptake in lymph nodes can be difficult to interpret,
particularly when nodes are in close proximity to a
primary tumor with high standardized uptake value (SUV).
Similarly, MRI is associated with lower sensitivity, but
increased specificity for LN involvement when compared
to CT™®, and this may in part due to the fact that MRI
criteria for lymph node positivity other than size, such as
border criteria or signal criteria, can be subjective and
have less reliable inter-observer differences!*”.

CT appears to have comparable sensitivity and
specificity to ERUS for LN+ detection, although preope-
rative ERUS staging for rectal cancer depends on the
combination of the T and N stage!*®’. The ability of ERUS
to accurately determine the T stage in rectal cancer
is likely better than the ability of CT to determine the
T stage for colon cancer. CT can differentiate tumor
invasion through the muscularis propria (T1/T2 vs T3/
T4) in colon cancer with high accuracy™, but depending
on the operator, ERUS better distinguishes invasion of
rectal tumors through the layers of the rectal wall with
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very high accuracy™. For these reasons, CT staging for
lymph node involvement in colon cancer has not been
utilized to select patients for neoadjuvant chemotherapy
administration, in contrast to the use of ERUS in rectal
cancer staging.

Other groups have also examined the role of
preoperative staging with CT in colon cancer patients.
Currently, the FOXTROT trial is randomizing patients on
the basis of preoperative T staging by CT to determine
whether administration of neoadjuvant oxaliplatin,
folinic acid and fluorouracil prior to surgical resection
impacts long-term outcomes when compared with
the current standard of surgical resection followed by
adjuvant chemotherapy™. Preliminary results showed
91% of patients who were classified as high risk by CT
had T3 tumors or above confirmed by final pathology.
Of the 99 patients randomized to the preoperative
chemotherapy group, 39.4% (39/99) were LN+ on
final pathology!”. Stratification by T stage on CT
scan may result in the administration of neoadjuvant
chemotherapy to LN- patients, particularly because CT
tends to overstage nodal disease compared with the
final pathologic diagnosis. In the preliminary results
of the FOXTROT trial, 48% of patients were LN- in the
postoperative chemotherapy group, but would have
received neoadjuvant chemotherapy according to the
trial’s CT T staging criteria.

The current clinical staging of colon cancer by CT
has moderate sensitivity and specificity for detecting
lymph node involvement. By implementing a study
design that mirrors actual clinical practice, our study
demonstrated that although sensitivity increases
by actively re-reviewing CT imaging from referral
centers for metastatic nodal disease, specificity may
be negatively impacted. The patient derived benefit of
accurate preoperative CT identification of LNs would
be the reliable diagnosis of stage Il disease prior to
surgery with the potential eligibility for neoadjuvant
treatment strategies. However, at the current level of CT
technology, administration of neoadjuvant chemotherapy
based on preoperative CT LN involvement would
potentially result in overtreatment of these selected
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colon cancer patients. Currently, CT scanning is used
to determine T stage as entry criteria for clinical trials
of neoadjuvant chemotherapy for colon cancer, but the
results of these trials are needed before CT becomes
the standard imaging modality for detecting presumed
LN+ colon cancer and guiding neoadjuvant therapy.

COMMENTS

Background

Adjuvant chemotherapy is well-established for treating colon cancer patients
with American Joint Committee on Cancer stage Il disease. More recently,
there has been growing interest in administering neoadjuvant chemotherapy
(NCT) prior to planned surgical resection to reduce disease recurrence in high-
risk tumors. In order to appropriately select colon cancer patients for NCT, an
accurate and reliable imaging modality for detecting involved lymph nodes
(LN) is mandatory. The authors’ objective was to determine the utility and
accuracy of preoperative computed tomography (CT) scan in detecting regional
colon cancer LN metastases by comparing outside CT reports to independent
imaging review at a referral center in order to highlight differences in detection
in actual clinical practice.
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Currently, there is growing interest in preoperatively identifying colon cancer
patients who would benefit from neoadjuvant therapy. One such study
(Fluoropyrimidine, Oxaliplatin and Targeted-Receptor preOperative Therapy
trial) is randomizing patients on the basis of preoperative T staging by CT
to determine whether administration of neoadjuvant oxaliplatin, folinic acid
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accuracy for preoperative identification of LNs, this study utilizes comparison
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dently reviewing outside imaging studies prior to surgical resection. The authors
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