ORIGINAL ARTICLE

Comparison of Tumor Volume Dependent Mean Diameter
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ABSTRACT
Objective: To investigate the eﬀectiveness of tumor volume dependent mean diameter (Rmax) in determining axillary lymph
node metastasis positivity instead of the largest diameter (Dmax) in breast cancer.
Study Design: Descriptive study.
Place and Duration of Study: Department of General Surgery, Ankara Training and Reseach Hospital, Turkey, from January
2009 to December 2018.
Methodology: Patients with breast cancer, who underwent modiﬁed radical mastectomy and lumpectomy and axillary lymph
node dissection due to invasive carcinoma, included in this study. Approximate vTm was calculated from the obtained tumor
specimen dimensions using ellipsoid volume formula. From the sphere volume formula, Rmax, which gives the same vTm value,
was reversely calculated. Eﬃcacy and usability of Rmax value were evaluated on nomograms that are available online; and are
used most frequently owing to its ease of use.
Results: In 305 patients, mean Dmax was 3.4 ±1.8 cm, mean vTm was 17.9 ±35.9 cm3, and mean Rmax was 2.6 ±1.4 cm. For
the distinction of ALNM positive and negative patients, Dmax signiﬁcant [Area Under Curve (AUC) 0.709], Rmax signiﬁcant [AUC
0.748] and vTm signiﬁcant [AUC 0.748] eﬃcacy was considered.
Conclusion: When the relationships of Dmax and vTm with ALNM were compared in breast cancer cases, the eﬃcacy of vTm is
higher. It was found that vTm and Rmax can be used instead of Dmax. The relation of Rmax parameter with ALNM was found to
be higher. When Rmax was used in nomogram samples, which are currently used in predicting ALNM positivity, it increased
nomogram eﬃcacy.
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INTRODUCTION
Tumor size and axillary lymph node metastasis (ALNM) are the
most important prognostic factors in breast cancer.1 Tumor
lymph node-metastasis (TNM) staging system of American
Joint Committee on Cancer (AJCC) used in breast cancer
staging is one of the parameters used in the tumor's largest
diameter (Dmax).2 Evaluation of tumor size in breast carcinoma is problematic due to its irregular shape. With the
improved imaging methods, it has become quite easy to evaluate the three dimensions of the lesions.3
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Dmax, currently used in staging systems, was preferred during
the years when one-dimensional imaging methods were
frequently used because of its ease of use. However, in breast
cancer cases, only one-third of tumors have a spherical or near-spherical shape. In ellipsoid or asymmetrical tumors that make up
the majority, Dmax obtained by one-dimensional measurements
cannot completely show the tumor burden.4
The main indicator of tumor burden is tumor volume (vTm) and its
relationship with prognosis has been established in the literature.5
Disease management in numerous solid organ malignancies has
made progress with regard to use of cross-sectional imaging and
tumor measurement.6 However, existing literature and staging
systems continue on one-dimensional parameters.2 Therefore,
without losing the eﬀectiveness of vTm in demonstrating tumor
burden, a need for a parameter which is more closely related to
vTm and compatible with literature and staging systems arises.

With the prominence of sentinel lymph node (SLN) evaluation in
clinical practice, less invasive interventions have been
performed compared to axillary lymph node dissection (ALND).
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Despite this, the majority of patients still encounter adverse
conditions such as shoulder dysfunction, lymphedema and
7
nerve damage. The fact that the results are negative in approximately 75% of SLN samples, shows that unnecessary risk is
8
taken. Knowledge on the tumor characteristics, including the
size of the tumor and the condition of the axillary lymph nodes
before treatment, aﬀects the treatment planning. Assessing the
possibility of ALNM before treatment has been an important
target for surgeons. In this way, unnecessary ALND can be
avoided. There are various publications and various nomograms
9,10
on this issue.

Average, standard deviation, median, IQR, frequency and ratio
values were used in the descriptive statistics of the data. The
distribution of variables was measured by Kolmogorov-Smirnov
test. In the analysis of quantitative independent data, MannWhitney test was used. In the analysis of qualitative independent
data, Chi-square test was performed. Fischer test was used when
Chi-square test conditions were not met. The eﬀect level was
investigated by the ROC curve. The eﬀect level was investigated
by univariate and multivariate logistic regression. SPSS 26.0
package programme was used in the analysis. The p-values less
than 0.05 were regarded as signiﬁcant.

In this study, the objective was to determine association of Rmax,
Dmax and vTm parameters with ALNM positivity by determining
the average diameter (Rmax) calculated from the tumor volume
on the measured dimensions.

All data collection and analyses were carried out with the
approval of the Institutional Review Board of Alaaddin Keykubat
University (approval number 26.10.2018/3-2) and the need for
written informed consents was waived because of the low risk
posed by this research. The study protocol conﬁrmed to the
ethical guidelines of the 1975 Declaration of Helsinki as reﬂected
in approval by the Board.

METHODOLOGY
Patients who underwent modiﬁed radical mastectomy (MRM)
and breast-conserving surgery (lumpectomy) and axillary lymph
node dissection due to invasive breast carcinoma at Ankara
Training and Reseach Hospital, Turkey from January 2009 to
December 2018 were included in this retrospectively planned
descriptive study. Males and patients who underwent sentinel
lymph node biopsy were excluded from the study. Patients who
received neoadjuvant therapy, in situ cancer cases, recurrent
cases, and those with multicentric and multifocal tumors were
also excluded. After applying the exclusion criteria, the
remaining 305 patients were included in the study.
The tumor size measurements obtained in the postoperative
pathological evaluation results were recorded. Tumor sizes were
obtained as a result of pathological examination and recorded as
a≥ b≥ c (a=Dmax). Number of metastatic lymph nodes and reactive lymph nodes was obtained from the pathological examination of axillary lymph node dissections and recorded in the
system. Demographic, pathological, surgical data of the patients
(age, gender, side, tumor type, type of surgery performed, location, lymphovascular invasion status, estrogen receptor positivity, progesterone receptor positivity, positivity of Her2/neu)
were recorded for use in nomograms.
Approximate tumor volume was calculated from the obtained
tumor specimen sizes (a≥ b ≥c) using ellipsoid volume formula
[(a/2)*(b/2)*(c/2)*π*(4/3)]. From the sphere volume formula
[(R/2)3*π*(4/3)], R max, which gives the same volume value, was
reversely calculated (R= Rmax).
Rmax eﬃcacy and usability were evaluated on two nomograms
which are available on the internet and are applied most
frequently owing to their ease of use. Nomograms were used to
predict sentinel lymph node metastasis positivity, i.e. ALNM positivity. These nomograms included those that are used by the
Memorial Sloan Kettering Cancer Center (MSKCC), the sentinel
lymph node metastasis nomogram,9 and the breast cancer nomogram to predict positive sentinel lymph nodes, without neoadjuvant chemotherapy nomogram provided by MD Anderson
Cancer Center (MDACC).10
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RESULTS
After implementing patient selection criteria, the remaining 305
patients were included in the study. The mean age of the patients
was 53.0 ±12.2 years. The tumor was located in the right breast
in 55.1% (n=168) of the patients. MRM was performed in 87.22%
(n=266) of the patients and 10.8% (n=33) of tumors were
located in the upper inner quadrant. The mean number of lymph
nodes examined in pathological specimens was 18.43 ±7.15.
The mean Dmax was 3.4 ±1.8 cm, the mean of the vTm calculated using the ellipsoid formula was 17.9 ±35.9 cm3 and the
average of the Rmax values calculated over the vTm values was
2.6 ±1.4 cm.
Regarding tumor types, ductal 1 (p=0.006) and mucinous
(p=0.023) carcinoma ratio was signiﬁcantly higher in ALNM negative group, while ductal 3 tumor type ratio was signiﬁcantly
higher in the ALNM positive group (p=0.029). In ALNM positive
and negative groups, Ductal 2 (p=0.882), lobular (p=0.773),
medullary (p=0.700) tumor type ratios did not diﬀer signiﬁcantly
(Table I). In ALNM positive group; Dmax, Rmax and vTm values
were signiﬁcantly higher (p˂0.001, Table I). The lymphovascular
invasion rate was signiﬁcantly higher in the ALNM positive group
(p˂0.001). The estrogen receptor (ER) positivity rate and progesterone receptor (PR) positivity rate were signiﬁcantly higher in
the ALNM negative group (p=0.013 and p=0.024) than the ALNM
positive group (Table I).
In the univariate model, tumor side (p=0.043), ductal 1
(p=0.008), ductal 3 (p=0.030), mucinous carcinoma (p=0.034)
types and Dmax (p<0.001), Rmax (p<0.001), vTm (p<0.001),
lymphovascular invasion (p<0.001), ER (p=0.014), PR
(p=0.024), number of total exemined lymph nodes (p<0.001),
the risk value calculated using Dmax with MSKCC nomogram
(p<0.001), the risk value calculated using Rmax with MSKCC
nomogram (p<0.001), the risk value calculated using Dmax with
MDACC nomogram (p<0.001), the risk value calculated using
Rmax with MDACC nomogram (p<0.001) were observed to have
signiﬁcant eﬀectivenes
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Table I: Diﬀerences between ALNM positive and negative groups.

Figure 1: Evaluation of lymph node metastasis prediction eﬃciency
of Dmax, vTm and Rmax with ROC Curve (The VTm and Rmax curves
are superimposed).

Figure 2: Evaluation of lymph node metastasis prediction eﬃciency
of MSKCC and MDACC nomograms by ROC curve according to Dmax
and Rmax parameters.

Journal of the College of Physicians and Surgeons Pakistan 2020, Vol. 30(06): 595-600

597

Mehmet Kubat and Zülﬁkar Karabulut

In the multivariate reduced model, signiﬁcant-independent
eﬃcacy of Rmax (p<0.001), lymphovascular invasion
(p<0.001), and number of the total lymph nodes was
observed (p=0.037) in diﬀerentiating the patients with and
without lymph node metastasis. In diﬀerentiating the ALNM
positive and negative patients, Dmax's signiﬁcant [AUC =
0.709 (95% CI = 0.652-0.766) p˂0.001], Rmax's signiﬁcant
[AUC = 0.748 (95% CI = 0.692-0.803) p˂0.001] and vTm's
signiﬁcant [AUC = 0.748 (95% CI = 0.692-0.803) p˂0.001]
eﬃcacies were observed (Figure 1). In diﬀerentiating the
ALNM positive and negative patients, following risk values
were observed to have signiﬁcant eﬃcacy: the risk value
calculated using Dmax with MSKCC nomogram [AUC = 0.810
(95% CI = 0.761-0.858) p˂0.001), the risk value calculated
using Rmax with the MSKCC nomogram [AUC = 0.825 (95%
CI = 0.778-0.872) p˂0.001], the risk value calculated using
Dmax with the MDACC nomogram [AUC = 0.825 (95% CI =
0.778-0.872) p˂0.001], the risk value calculated using the
MDACC nomogram and Rmax [AUC = 0.833 (95% CI =
0.787-0.879) p˂0.001] (Figure 2).

DISCUSSION
One of the most important indicators of prognosis in breast
cancer is presence or absence of axillary lymph node
metastasis (ALNM). Survival rates decrease proportionally
with increasing number of positive axillary lymph nodes.11 It
is well known that tumor morphology aﬀects ALNM positivity
as well as tumor histology. Breast cancers are threedimensional masses, but few are spherical. In a study
performed in 165 invasive carcinoma cases, Wapnir et al.
found that only 3.6% of the cases were spherical.12
The largest diameter of the tumor (Dmax) is a parameter
used in staging systems and in most of the studies
conducted on this topic. As studies on breast cancer and
other solid tumors show, predictive value of Dmax on lymph
node presence and prognosis remains lower than tumor
volume (vTm).12,13 Simonka et al. reported that the increase
in vTm correlated with both sentinel lymph node positivity
and higher prevalence of ALNM. 14 In this study, of the
groups with and without ALNM revealed that Dmax and vTm
parameters were both eﬀective parameters, however it was
found that vTm was a more eﬀective parameter in predicting
the presence of lymph node which was consistent with the
literature. This indicates that the current tumor load is more
eﬀective in evaluating the tumor volume as it is a threedimensional parameter.12 Despite this information, in their
study on patients with rhabdomyosarcoma, Ferrari et al.
reported that three-dimensional evaluations of tumor size
did not provide better prognostic information compared to
one-dimensional measurements. 15 Similarly, Pyo et al.
evaluated the relationship between one-dimensional and
three-dimensional measurements of the tumor and lymph
node metastasis in cases with early gastric cancer, and
found that there was no diﬀerence.16 Histopathological
598

features of diﬀerent tumor types lead to diﬀerences in
growth, invasion and variations between results.
However, using the vTm parameter instead of Dmax, which
is used currently in evolution systems and literature,
2
requires a radical change and this would cause confusion.
The tumor diameter calculated on vTm (Rmax), which was
evaluated in this study, is directly related to vTm. It is a
good indicator of the calculated tumor burden and is easier
to use than tumor volume. Its eﬀectiveness in predicting the
presence of lymph node was found to be the same as tumor
volume. Since a one-dimensional result is obtained as a
parameter, it will be the biggest advantage that it can be
used in the existing cancer research, staging and treatment
protocols without requiring a parameter change.
When the tumor mass increases, the diﬀerence between the
sizes increases. They usually move away from the spherical
shape and become asymmetrical. Wapnir et al. stated that
the relationship between Dmax and vTm decreases as the
lesion sizes increase. 1 2 Hamza et al. reported that
parameters calculated with the formula (equivalent in our
study: vTm, Rmax) reduce the risks of overestimation and
underestimation for outcomes17. In the present study, the
diﬀerence between Dmax and Rmax increased as the lesion
grew. When the relationship between ALMN and these
parameters is examined, we concluded that as the lesion
size increases, more overestimation of outcome occurs.
Nomograms are scales used to make predictions about a
disease by combining multiple clinical variables and their
intertwined relationships. The use of multiple variables
18
provides a more precise and personalised estimate. In
order for the nomogram to be employable, its eﬀectiveness
should be evaluated and the concordance index value
should be at least 0.7.19 Increased c-index value indicates
that the eﬃcacy is also enhanced. Dmax is one of the
indispensable parameters in nomograms used to predict
ALNM in breast cancer cases. 9,10 In this study, Rmax was
applied instead of Dmax in nomograms used worldwide in
breast cancer cases and evaluated the result. Its validated
using Rmax value instead of Dmax in both commonly used
nomograms. When evaluated with the Roc curve and
compared the areas under the curve, statistically, a
signiﬁcant increase was found in the eﬃcacy of predicting
the presence of ALNM of nomograms when Rmax was used
as the parameter, instead of Dmax.
In this study, lymphovascular invasion and Rmax parameters
were associated with ALNM in the multivariate model. In
their study, An et al. showed that lymphovascular invasion
and metabolic tumor burden were associated with ALNM.20
They reported that the metabolic tumor burden is an
eﬀective parameter especially in T2 and T3 stage breast
cancer.
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The situation becomes more complex in multifocal/
multicentric (MF/MC) tumor cases that we have not included
in our patient group. Dmax, which is the largest among the
foci, is currently used for staging.2,21 When the relationship of
ALNM with the largest diameter of the tumor is examined in
cases with MF/MC breast cancer, an increase in ALNM is
observed in MF/MC tumors compared to unifocal cancers
because of the smaller foci that are not taken into account.22
Therefore, there are studies using parameters such as mean
diameter (simple mean), total diameter (sum of the
diameters of all foci) and total tumor volume in cases with
MF/MC tumors.23 In their study, Djordjevic-Jovanovic et al.
suggest that an ALNM positivity higher than predicted and
expected in patients with MF/MC tumors is not due to the
histology of their tumors but to the underestimation of the
tumor load by the current staging system.24 In this study, the
eﬀectiveness of Rmax, was calculated, based on the total
tumor volume, in unifocal tumors. The authors will be
eagerly monitoring the further studies in which Rmax's
eﬀectiveness is examined in a large cohort series with
MF/MC tumors.
The most important limitation of this study is its retrospective design. Tumor sizes obtained from preoperative
evaluation were not used. The most important reason for
choosing tumor sizes obtained by evaluating pathology
specimens is that results were deﬁnitive. In one study, 56%
of the measurements obtained in preoperative evaluations
were correlated with pathological results. Although there is
no statistical signiﬁcance between the mean dimensions
between gross and microscopic size measurements, it has
been shown to alter stage assessment in approximately 31%
of cases. 1 7 This does not constitute an obstacle for
preoperative clinical use, and improvement in technique;
and experience in radiological imaging will bring the results
of preoperative and pathological measurements closer to
each other. The fact that the tumor tissues, which form the
basis of our study, are not properly shaped and emerge as
one of our limitations. No tumor has a perfectly ellipsoid
shape either. The tumor volume calculated with the ellipsoid
formula has almost always been found to be an
overestimation.4 More realistic volume calculations can be
20,25
made with current imaging methods.
However, this
situation currently requires an extra hardware and increases
the cost burden. In our hospital, advanced 3D and metabolic
imaging methods are not used as standard methods. As 3D
imaging becomes the standard method with the developing
technology, volume calculations can be made directly by
imaging methods, not indirectly as we do using the formula
like ellipsoid etc.

vTm is higher. However, Rmax calculated on the volume
related to vTm, can be used instead of Dmax. Rmax
parameter used instead of Dmax, had higher relation with
ALNM. In the nomogram samples still used in predicting
ALNM, Rmax parameter was found to enhance the
nomogram eﬃcacies.
ETHICAL APPROVAL:
All data collection and analyses were carried out with the
approval of the The Ethics Committee of Alaaddin Keykubat
University (approval number 26.10.2018/3-2).
PATIENTS’ CONSENT:
As the study was designed retrospectively, data was
collected from clinical archive after ethical approval.
CONFLICT OF INTEREST:
Authors declared no conﬂict of interest.
AUTHORS’ CONTRIBUTION:
MK: Study design, data collection, literature review, writing
and statistical analysis.
ZK: Drafting of work, data collection, editing, ﬁnal review
and correspondence .
All authors have critically reviewed the manuscript.

CONCLUSION
When the relationships of Dmax and vTm with ALNM are
compared in cases with breast cancer, the eﬀectiveness of
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