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ABSTRACT

Objective: To test the efficacy of including albumin in the Memorial Sloan Kettering Cancer Center (MKSCC) nomogram
(MSKCC+A) on predicting the overall survival.

Study Design: Descriptive study.

Place and Duration of Study: Ankara Training and Research Hospital & Ataturk Training and Research Hospital, Turkey, in
2020, on patients who were operated between 2009 and 2014 to confirm the 5-year survival results.

Methodology: Patients who underwent RO resection for colon cancer were evaluated. For each patient in the cohort, the 5-
year probability of survival was calculated and compared with actual, using the AJCC (American Joint Committee on Cancer),
MSKCC and MSKCC+A estimation systems obtained using logistic regression. The performance of the estimation methods
was evaluated by the ROC analysis.

Results: Two hundred and thirty-nine patients were studied. When the patients with more than 5-year overall survival were
compared, the AJCC, MSKCC, and enhanced MSKCC survival scores were significantly higher. AUC = 0.699 for the AJCC
staging system, AUC = 0.702 for the MKSCC nomogram, and AUC = 0.777 when the albumin level was added to the MKSCC
system.

Conclusions: The use of the MSKCC overall survival nomogram in patients with colon cancer appears useful for both clini-
cians and patients. The prognostic power of this calculator was found to be further enhanced by including the preoperative
serum albumin level as an extra variable in the nomogram.
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INTRODUCTION

Colorectal cancer is a potentially curable disease, which
should be treated in a multidisciplinary fashion." When the
diversity of this disease is in anatomic location, pathologic
stage, genetic background and biologic behaviour are consid-
ered. It is obvious that the treatment of colorectal cancer
should be individualised for each patient. Decision making for
the right combination of therapy must be based on multitude
factors, oneof whichisthe pathologic stage ofthe disease.
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However, even the American Joint Committee on Cancer (AJCC)
Tumor-Node-Metastasis (TNM) system, whichis the gold standard
in cancer staging,’ has flaws in predicting survival and therefore
helping in decision making.>* For this reason, individualised prog-
nostication models have been proposed as alternative prognostic
toolsfor cancerpatients.?

Moreover, referred to as nomograms by some researchers,
these are the pictorial representations of complicated mathe-
matical formulas predicting overall or disease-free survival.*
These models have the advantage of using multiple variables
for each patient that helps better and more individualised
predictions than conventional staging and scoring systems.
One of the models proposed for colorectal cancer to predict
overall survival is the system that was designed by Weisner et
al. in Memorial Sloan Kettering Cancer Center (MSKCC), which
can be found as an automatic calculation tool readily available
online.>® This model was proven by its developers to be a more
accurate predictor of 5-year overall survival than the 7" edition
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of AJCC; and also was externally validated as an effective prog-
nostication model.” Over other prognostication models for
colorectal cancer, this tool has the advantage of being the only
nomogram using variables widely available in all clinical sett-
ings.” All these easily accessible variables individually were
previously shown to influence overall and disease-free survival
aftercolon cancer.’

Preoperative albumin level is another routinely tested variable
that was shown to influence the overall survival of colorectal
cancer patients, but was not included in the MSKCC prediction
tool.>®

This study aimed to test the impact of incorporation of this
marker into the original MKSCC nomogram in predicting overall
survival.

METHODOLOGY

Hospital records of 271 colon cancer patients with AJCC stage | to
Ill, who underwent RO resection between January 2009 and
January 2014 in the General Surgery Departments of Ankara
Training and Research Hospital & Ataturk Training and Research
Hospital, Turkey, were retrospectively reviewed in 2020. The
patients who died in the early postoperative period (within 30
days postoperatively), patients with non-primary colon cancers,
and non-adenocarcinoma tumors, and cases that the pathologic
examinationdid notrevealany lymphnodes, were excluded. The
patients, whose preoperative albumin levels or information
essential for the MSKCC nomogram were missing, were also
excluded from the study. After the exclusions, the study analysis
wasrestrictedto239 patients.

Every patientinthe cohort wasreferred tothe Oncology Depart-
ment at the time of discharge from the Hospital, and the
patients decided to be appropriate for adjuvant therapy by the
oncologists, received chemotherapy after discharge. There-
after, the patients were followed up at regular intervals by the
Surgery and Oncology Departments. The follow-up schedule
was as follows: Once in three months for the first three years,
once in six months the following two years, and once in a year
thereafter. The patients who were lost to follow-up were tracked
for survival or the date of death via the central population
registry system. Thus, the data of the observed overall survival
ofevery patientinthestudy’s patientcohortwasacquired.

The AJCC stages of the included patients were recorded from
their pathology and hospital reports. The following information,
which are essential for the MSKCC nomogram, were also
recorded: Age of diagnosis, gender, T-stage, tumor grade (well,
moderately or poorly differentiated), total number of regional
lymphnodes evaluated, and numberof positive lymph nodes. In
addition to these variables, the preoperative albumin level for
each patient was also recorded. The observed overall survival
was defined asthetimeinterval fromthe day of surgery until the
dayofdeathorthelastday of follow-up.

Three probability scores - as percentages - for 5-year overall
survival, using three prediction systems, were assigned to each

patient in the cohort. First, the estimated survival of every
patient according to the AJCC staging system, using the
observedoverallsurvivalrates forcolon cancerstagesasstated
in the 7" edition of the AJCC cancer staging manual was deter-
mined.’ Second, the 8" edition of the manual was not used since
the observed survival rates were not referred in this edition.
Then the predicted overall survival for each patient using the
MSKCC online system was calculated.® Thirdly, an overall
survival probability foreach patientinthe cohort was calculated
by enhancement of the predicted MSKCC nomogram proba-
bility via adding theimpact of preoperative serum albuminlevel
to the overall survival probability by using logistic regression.
The cutoff point of 3.5 g/dl was acknowledged for albumin level.
The higher levels were accepted normal; and the lower levels
were accepted as low. The impact of preoperative serum
albumin level was calculated by Cox regression in this cohort.
After overall survival scores for each patient were predicted
using these three methods, the predictive accuracy of the
methods was compared according to the observed overall
survival in the patient cohort. The performance of the three
prediction methods was evaluated by the area under the
receiver operating characteristic curve (AUC), which was later
converted to concordance index, a number between 0.5and 1,
indicating a random prediction and perfect concordance,
respectively.

All the qualitative variables were expressed as counts and
percentages; whereas, all the measurable variables that
conformed to a non-normal distribution were expressed as
median and IQR. Distribution of the variables was measured
using Kolmogorov-Smirnov test. Non-parametric variables were
analysed using the Mann-Whitney U-test. The performance of
the three prediction methods was evaluated by the area under
the receiver operating characteristic curve (AUC), which was
later converted to concordance index. The univariate and multi-
variate analyses were performed using Cox regression. Survival
analysis was performed using the Cox-regression analysis. IBM
SPSS version 22.0 programme was used for the statistical anal-
yses. A p-value of less than 0.05 was used to determine the level
of significance.

RESULTS

The clinical characteristics of the 239 patients, comprising the
present cohort, are summarised in Table I. The univariate anal-
ysis revealed that age (p <0.001), T-stage (p <0.001), N stage
(p <0.001), AJCC-stage (p <0.001), lymph node positivity (p =
0.027), albumin level (p <0.001), survival ratios according to
AJCC manual (p <0.001), survival ratios according to MSCC
nomogram (p <0.001), and survival ratios according to MSKCC
nomogram enhanced with albumin (p <0.001) were signifi-
cantly associated with 5-yearoverall survival; whereas, gender,
tumor location, tumor size, total number of examined lymph
nodes, and differentiation of the tumor were not. According to
the multivariate analysis, survival ratios according to MSKCC
nomogram enhanced with albumin (p = 0.023), and survival
ratios according to AJCC (p <0.001) were significantly associ-
ated with 5-yearoverallsurvival (Tablell).
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Tablel: Descriptive Analysis ofthe PatientCohort(n=239).
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Median (IQR) / n (%)
Age (year) 64.77 (16.56)
Sex Male 135 (56.5%)
Female 104 (43.5%)
Follow up (month) 65.00 (0.43)
. (-) 96 (40.2%)
5 Years survival ) 143 (59.8%)

. 3.5 g/dL 73 (30.5%)
Albumin >3.5 g/dL 166 (69.5%)
Albumin (g/dL) 3.80 (0.80)
MSKCC surv. score (%) 0.69 (0.23)
AJCC surv. score (%) 0.61 (0.21)
Positive LN (n) 0.00 (2.00)
Total exemined LN (n) 11.00 (11.00)
Tumor size (cm) 4.50 (2.70)

Right 75 (31.4%)
Tumor side Left 49 (20.5%)

Sigmoid 99 (41.4%)

Transverse 16 (6.7%)

Tl 1(0.4%)

T2 33 (13.8%)
T stage T3 135 (56.5%)

T4a 55 (23.0%)

T4b 15 (6.3%)

Nla 31 (13.0%)
N stage N1b 34 (14.2%)

Nlc 7 (2.9%)

N2a 24 (10.0%)

N2b 20 (8.4%)
Tumor Poor 31 (13.0%)
differantion Moderate 148 (61.9%)

Well 60 (25.1%)

1 28 (11.7%)

2A 72 (30.1%)

2B 18 (7.5%)

2C 7 (2.9%)
AJCC stage 3A 3(1.3%)

3B 75 (31.4%)

3C 31 (13.0%)

4A 4 (1.7%)

4B 1(0.4%)
AJCC Stage: Cancer Stage according to 7th edition of American Joint Committee
on Cancer manual; LN: Lymph Node; AJCC Score: survival score according to 7th
edition of American Joint Committee on Cancer manual; MSKCC Score: survival
score according to Memorial Sloan Kettering Cancer Center nomogram

When the patients with more than 5-year overall survival were
compared to the patients who died within the first five postopera-
tive years, the AJCC (p <0.001), MSKCC (p <0.001), and MSKCC
nomogramenhanced with albuminsurvivalscores (p <0.001) were
significantly higher (Table lll). According to Cox-regression, higher
survival scores of all of the three systems were associated with
higheroverallsurvival (Tablell).

The predictive efficiency of the AJCC TNM staging system, the
MSKCC nomogram and the MSKCC nomogram with the addition of
theimpactofalbuminlevels were assessed by calculating the AUC.
Allthethree systems wereacceptably effectivein predicting 5-year
overall survival (Figure 1). Among the three systems, predicting
overall survival according to the AJCC stages was the least reliable
method, having a concordance index of 0.699 (0.631-0.767, 95%
Cl). MKSCCnomogram wasslightly more effective than thismethod
with a concordance index value of 0.702 (0.635-0.770, 95% ClI).
When impact of the preoperative albumin level was added to the
MKSCC system using logistic regression, the prediction perfor-
mance represented by concordance index increased to 0.777
(0.718-0.836,95%Cl).

Figure 1: Comparison of survival prediction methods with receiver oper-
ating characteristicanalysis (graphic).

AJCC score: Survival score according to 7" edition of American joint
committee on cancer manual; MSKCC score: Survival score according to
memorial sloan kettering cancer center nomogram; MSKCC+A score:
Survivalscoreaccordingtomemorialsloanketteringcancercenternomo-
gramwithalbuminadded.

DISCUSSION

Realising the advantages of individualised prognostication in
patients with malignancy, and the inadequacy of the 7" edition
of AJCC TNM system in personalised survival predictionin colon
cancer, Weiseretal. proposed a new prognostic modelless than
a decade ago.’ They demonstrated that replacing the N-stage
variable with the number of totally harvested lymph nodes and
the number of metastatic lymph nodes provided higher prog-
nostic power than using a system solely based on T and N
stages. They improved further on this system by adding tumor
grade, patient age and gender. This simple personal prognosti-
cationsystemhadthe advantage of using easily accessible vari-
ables that were registered even in non-specialised centres and
being more superior to the AJCC system in personal survival
prediction.” This nomogram was later validated in a different
patient group by a separate group of researchers;’ and in a
recent study, it was shown to perform better in discrimination
for overall survival as compared to AJCC 7" edition in an
Australian patient cohort.”® Depending on the demonstrated
efficacy ofthisnomogram, thefirstintention of this study was to
investigate its prognostic powerin a patient population whichiis
distinct from previous populations, both ethnically and
geographically.

Theresults of the present study proved, in its own patient popu-
lation, the MSKCC nomogram to be a better predictor of survival
when compared with the AJCCresults.

Journal of the College of Physicians and Surgeons Pakistan 2022, Vol. 32(04):467-472 469



Mehmet Kubat, Bahadir Osman Bozkirli, Mustafa Omer Yazicioglu and Riza Haldun Gundogdu

Table II: Results of univariate and multivariate logistic regression analyses of parameters.

Univariate Model Multivariate Model
HR % 95 CI p HR % 95 CI p
Sex 0.835 0.575-1.211 0.342
Age 1.031 1.015-1.048 <0.001
TM location 1.111 0.904-1.365 0.318
TM size 0.959 0.874-1.052 0.377
T stage 1.713 1.270-2.312 <0.001
N stage 1.615 1.284-2.031 <0.001
AJCC stage 1.826 1.362-2.448 <0.001
Positive LN 1.023 1.002-1.043 0.027
Total LN 0.997 0.979-1.015 0.721
Tumor differantion 0.996 0.732-1.356 0.981
Albumin 0.342 0.235-0.498 <0.001
AJCC score 0.059 0.020-0.176 <0.001 0.043 0.020-0.094 <0.001
MSKCC score 0.052 0.021-0.128 <0.001
MSKCC+A score 0.043 0.020-0.094 <0.001 1.403 1.047-1.879 0.023

Cox Regression. TM: Tumor; AJCC Stage: Cancer Stage according to 7th edition of American Joint Committee on Cancer manual; LN: Lymph Node; AJCC Score:
survival score according to 7th edition of American Joint Committee on Cancer manual; MSKCC Score: survival score according to Memorial Sloan Kettering
Cancer Center nomogram; MSKCC+A Score: survival score according to Memorial Sloan Kettering Cancer Center nomogram with albumin added.

Table IlI: Comparison of predicted scores of patients who achieved and did not achieve 5-year survival.

Patients who did not achieved 5-year survival Patients who achieved 5-year survival

Median Range Median Range P
AJCC score 0.52 0.13-0.74 0.67 0.18-0.79 <0.001
MSKCC score 0.62 0.14-0.89 0.74 0.11-0.94 <0.001
MSKCC+A score 0.45 0.07-0.83 0.75 0.05-0.89 <0.001

nomogram with albumin added.

Mann-whitney u test. AJCC Score: survival score according to 7th edition of American Joint Committee on Cancer manual; MSKCC Score: survival score
according to Memorial Sloan Kettering Cancer Center nomogram; MSKCC+A Score: survival score according to Memorial Sloan Kettering Cancer Center

In this study, the observed survival rates of the 7" edition of
the AJCC were used to predict the overall survival of the
patients in different TNM stages.” The 8th edition of the
staging system was not used since the manual that was
published in 2016 did not include the observed overall
survival rates for different colon cancer stages; and it had
only minor modifications compared with the 7" edition.” A
recent study that was performed after the publication of the
8th edition also used the 7™ edition for comparison with the
discriminatory power of several nomograms.*

The second intention of the study was to search an approach
to increase its prognostic power without depriving it of its
uncomplicated nature. The easiest route to this second inten-
tion was to incorporate the impact of a known prognostic
factor in cancer patients, to the individual predictions made
by the MSKCC nomogram using logistic regression. Serum
albumin level is one such variable whose low levels are
known to be a risk factor for the mortality and other poor
conditions in various clinical situations."”” Serum albumin level
is already known to correlate with postoperative morbidity
and mortality in patients with colon cancer and to be associ-
ated with overall survival in advanced colon cancer.”*** More-
over, this parameter was previously found to be an indepen-
dent prognostic factor for survival in various cancers
including colorectal cancer.>>*® Rather an inflammatory
marker than a nutritional one among patients with colorectal
cancer,® albumin is used for calculating modified Glasgow
prognostic score, whose prognostic value has been confirmed
in primary operable colorectal cancer patients.”?' Therefore,
in the present study, the authors sought to enhance the effec-
tiveness of MSKCC nomogram using the serum albumin

values.

The present study demonstrates that the incorporation of the
prognostic impact of preoperative albumin levels to the predic-
tions made by MSKCC nomogram can strengthen its prognostic
power. Indeed, according to the results of this study, the differ-
ence between the prognostic power of this new prognostic
calculation and the original MSKCC nomogram is even greater
than that between MSKCC nomogram and AJCC system. At this
point, it needs to be emphasised that a new modified version
of the MSKCC nomogram was not proposed by the authors in
this study, since the patient number would be highly inade-
quate for such an objective. What was done was simply
enhancing its prognostic power by calculating the impact of
addition of preoperative albumin levels’ prognostic power. This
was done to show the improvement that can be provided by
such a small modification. Depending on the positive results
that were achieved, incorporation of this widely studied param-
eter to the MSKCC nomogram or any nomogram used in colon
cancer patients as a variable can be proposed. For this
purpose, a larger cohort of patients will be required in future
studies that will be carried out for this purpose.

Improved survival prediction provided by this simple modifica-
tion may be of great value both for the clinicians and the
patients in making treatment decisions. The greatest
expected impact may be on the decision of adjuvant
chemotherapy decision, whose major determining factor is
still AJCC TNM stage of the tumor.”” An increase in the N-stage
rises the AJCC-stage of the patient, which necessarily does
not correlate with patient survival.”?** For instance, N+
tumors without distant organ metastases are classified into
stage lll, which may have a better prognosis than some stage
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Il tumors depending on the T-stage.”** It was reported that
patients with stage IlIA tumors fare better than patients with
stage IIA and stage IIB tumors.” However, although N+
patients routinely receive chemotherapy, some high-risk
stage Il patients with T3 or T4 tumors are followed without
adjuvant therapy.” This decision making for chemotherapy in
patients with stage Il colon cancer is a highly individualised
action, which requires patient-physician discussion regarding
the potential risk of adjuvant therapy compared to its poten-
tial benefits.”” Currently, the factors that need to be taken
into consideration include number of lymph nodes analysed
after surgery (<12), poor prognostic features (such as poorly
differentiated histology, lymphatic/vascular invasion, bowel
obstruction, perineural invasion, localised perforation, status
of the margins); and genetic characteristics of the tumor such
as microsatellite instability or mismatch repair gene status.”
Incorporating all of these parameters to a survival prediction
calculator would result in much more refined predictions; but
would end up in a rather complicated model. In the authors’
opinion using a simple prediction model such as the MSKCC
nomogram enhanced with serum albumin levels together with
scrutiny of aforementioned considerations would benefit the
clinicians and patients for better selection for cytotoxic
chemotherapy. This may help increase adjuvant therapy’s
effectiveness, increasing the overall survival of colon cancer
patients.

In addition to making better treatment decisions, enhanced
selection of high-risk patients may be of value in surveillance
planning. Using the estimates of an effective and simple
survival calculation model together with the presence or
absence of high-risk factors may ease the selection of
patients in need of closer follow-up.

Another advantage of estimating prognosis may be building
up of a stronger relationship between the physicians and the
patients. As the patients raise questions about prognosis
from the time of diagnosis, the inability of the clinicians to
accurately predict is cited as an important barrier to patient--
physician communication.'*”® An effective model predicting
survival tailored to individual patient factors is thus, a valu-
able tool for clinicians** and one for the patients to assist in
planning their future.’

Lastly, more accurate prognostication may aid in designing
clinical trials and patient selection.'* This may help avoid
imbalance between patient arms, especially in small trails;
and can also help in identifying patients for trails where poor
prognosis may warrant treatment escalation.*

The strength of this study lies in its validation of a previously
used nomogram in a patient cohort that is ethnically, socio-
logically, and geographically distinct from the previous popu-
lations it was validated in. This nomogram has the strength
of using data elements widely available from tumor
registries and is more effective in predicting overall survival
than AJCC TNM system. In this study, it is also proposed that

addition of another widely studied variable can improve the
prognostic power of the MSKCC nomogram.

It can be considered as a limitation of the study to propose a
new nomogram including the variables of the MSKCC nomo-
gram plus preoperative albumin level; however, the study
population is not adequate for such a proposition.

CONCLUSIONS

Using MSKCC overall survival nomogram for predicting
survival in patients with colon cancer seems feasible and
useful for both clinicians and patients. The prognostic power
of this calculator can further be enhanced by incorporating
preoperative serum albumin level as an extra variable to the
nomogram without depriving it of its uncomplicated nature.
However, a future study with adequate number of patients is
required to achieve this goal.
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