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Abstract 

Introduction: We evaluate volumetry and RECIST (Response 
Evaluation Criteria In Solid Tumors) as methodologies for response 
after chemotherapy for non-seminomatous germ cell tumour with 
retroperitoneal lymph node metastases.
Methods: We performed a retrospective analysis of non-semin-
omatous testicular tumours and concurrent retroperitoneal lymph 
node metastases, which received chemotherapy and had computed 
tomography scans before and after treatment. Volumetric analysis 
and RECIST criteria were used to calculate response rates. We 
included a new category (favourable response) for patients with 
response rates between <100% and >70%. We calculated the cor-
relation between volumetric and RECIST criteria with histological 
and clinical variables.
Results: In total, 18 patients met the inclusion criteria. 
Histopathologic analysis of orchiectomy showed teratoma in 
55.5% of patients, and those without teratoma had predominantly 
embryonal carcinoma. The mean baseline volume of retroperi-
toneal metastases was 447 cc, the mean post-chemotherapy vol-
ume was 33.6 cc, and the response rate was 62.6%. According 
to RECIST criteria, the mean baseline diameter was 4.93 cm, the 
mean post-chemotherapy diameter was 2.39 cm, and the response 
rate was 42.4%. Large post-chemotherapy residual masses correl-
ated in both classifications with teratoma. The response rate was 
associated with the need for surgical treatment and the volumetric 
classification correlated with the need for lymphadenectomy.
Conclusions: This study evaluated volumetry as a way to measure 
clinical response in lymph node metastases of non-seminomatous 
germ cell tumours. Volumetric analysis is the next step in the 
evaluation of response rate; its accuracy remains to be determined. 
Teratoma had greater residual masses and our classification cor-
related with the need for lymphadenectomy.

Introduction 

Testicular cancer is the most common malignancy among 
men aged between 20 and 40. It represents about 1% of 
male neoplasms and 5% of urological tumours. Germ cell 
tumours (GCT) can be divided in two groups: seminoma-
tous and non-seminomatous germ cell tumour (NSGCT). At 
diagnosis, regional or distant metastases are present in about 
two-thirds of NSGCTs.1-4

The retroperitoneum is the initial site of metastases in 
70% to 80% of patients with GCT, disseminated via lymph-
atic channels from the primary tumour. Imaging plays a 
major role in the initial diagnosis, but it is also an integral 
part for response assessment and follow-up after systemic 
therapy.5,6

Abdominopelvic computed tomography (CT) scan is the 
standard method for analyzing response to treatment. A 
CT scan offers a sensitivity of 70% to 80% in determining 
the state of the retroperitoneal nodes;6 a CT scan uses a 
3-mm threshold to define metastatic nodes in the lymphatic 
landing zones. In clinical stages I and II, the understaging 
rate is 25% to 30%.7 After chemotherapy, a residual nodal 
mass may remain. Residual masses should be measured as 
a therapeutic response to select ideal candidates for further 
treatment or surveillance.8

Response has been assessed using the RECIST criteria
(Response Evaluation Criteria in Solid Tumours) in clinical 
trials,6 whereas the World Health Organization (WHO) 
criteria5 are used in daily practice. Volumetric analysis of 
lymph nodes may be a promising measurement method and 
has been successfully introduced for lung and liver lesions.9

We evaluate volumetric and unidimensional measure-
ments to assess retroperitoneal lymph node metastases of 
NSGCTs in patients treated with chemotherapy, and com-
pare these results. 
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Methods 

Patient selection

This is a retrospective cross-sectional study of a single-centre 
testicular tumour prospective database, from 2005 to 2012. 
Patients diagnosed with NSGCT and with retroperitoneal 
lymph node metastases with or without distant metastases 
were selected. We included those with orchiectomy per-
formed at our centre, and treated with BEP (bleomycin, 
etoposide and cisplatinum) chemotherapy. All patients had 
pre- and post-chemotherapy CT imaging.

We collected demographic variables (age), diagnostic 
examination results (imaging studies), tumour markers (alpha-
fetoprotein, beta-human chorionic gonadotropin, lactate 
dehydrogenase), clinical staging information, treatment infor-
mation (orchiectomy, chemotherapy, retroperitoneal lymph 
node dissection) and tumour characteristics (histopathology).

CT scanning of the abdomen was performed (Siemens 
Somatom Sensation 64, Siemens Medical Solutions and 
General Electric Lightspeed VCT64, Malvern, PA). Patients 
received a weight-adapted dose of intravenous non-ionic 
contrast media, iopromide 300 mg/mL (Ultravist 300, 
Bayer). The acquisition was in the craniocaudal direction 
at 80 seconds of contrast administration in the venuos phase 
with slice thickness of 3 mm. The images were analyzed 
with the Advantage Workstation 4.2 for diagnostic imaging 
(General Electric Healthcare). 

Each slice of target lesion was evaluated, the contour of 
the lesion was delimited avoiding vascular structures of the 
retroperitoneum, the volume was calculated with volumetric 
tool, and area of all slices were integrated (Fig. 1, Fig. 2). 
When more than one target lesion presented in a patient, 
we obtained a sum of volumes.

Diameter measurements were quantified manually in a 
representative slice, and a short axis was obtained according 
to RECIST 1.1 on axial slices. When more than one target 
lesion was present, a sum of diameters were calculated and 
reported as the sum diameters. 

Volumetric analysis and RECIST criteria were used to cal-
culate response rates (difference in tumour burden from the 
initial to the post-treatment CT scan, expressed in percent-
age). Then, the response for unidimensional method was 
categorized according to the RECIST 1.1 criteria into one 
of the following: 

•	 Complete response (CR): disappearance of all target 
lesions, lymph nodes must have reduction in short 
axis to <10mm;  

•	 Partial response (PR): at least 30% decrease in the 
sum of diameters of target lesions;  

•	 Progressive disease (PD): at least 20% increase in 
the sum of diameters of target lesions; and 

•	 Stable disease (SD): qualify between PR and PD. 
To be considered pathologically enlarged and measur-

able, a lymph node must be ≥15 mm in short axis. Only short 
axis will be measured and followed, and will contribute to 
the baseline sum. 

Fig. 1. Segmentaion of para-aortal lymph node.

Fig. 2. A) and C) Multidetector computed tomography sagittal reconstruction. 
Para-aortal lymph node before and after chemotherapy, respectively. B) and D) 
Volumetry pre- and post-chemotherapy (response rate of 80%).
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We added a category between CR and PR – favourable 
response (FR), which included response rates between 
<100% and >70%. The volumetric analysis response was 
categorized according this classification. 

•	 CR: disappearance of all target lesions, lymph nodes 
must have reduction in short axis to <10 mm); 

•	 FR: response between <100% and ≥70%; 
•	 PR: ≥30% and <70% decrease in the sum of diam-

eters of target lesions;  
•	 PD: at least 20% increase in the sum of diameters 

of target lesions; and 
•	 SD: qualify between PR and PD. 

Statistical analyses were performed using Statistical 
Product and Service Solutions (SPSS) version 17.0 (Chicago, 
IL). Correlation analysis was performed between clinical, 
histological, and response methods assessments. Statistical 
significance was set at p < 0.05.

Results

In total, 18 patients met the inclusion criteria, all of them 
were diagnosed with NSGCT. The mean age was 26.2 
(range: 19–43), with most patients having right-side tumours. 
Baseline staging (TNM) showed distant metastatic disease 
in almost three-quarters of patients. Retroperitoneal lymph 
node metastases were divided in three categories based on 
their dimensions: <2 cm, 2–5 cm, >5 cm). Orchiectomy 
specimens were analyzed by an expert pathologist and div-
ided by the presence of teratoma. The mean follow-up was 
47 months (Table 1).

Patients received chemotherapy consisting of 3 to 4 
cycles of cisplatin, etoposide and bleomycin (PEB) (cisplatin 

20 mg/m2 on days 1 to 5, etoposide 100 mg/m2 on days 1 
to 5, bleomycin 30 mg on days 1, 8 and 15) and were re-
evaluated. Volumetric and unidimensional measurements 
were obtained before and after chemotherapy, and response 
rates were calculated for each method (Table 2).

Three patients did not require a second treatment. Fifteen 
patients required post-chemotherapy surgery according 
to the presence of a residual mass (≥1cm), the mean vol-
ume was 33.6 cm3 and the mean linear measurement was 
2.39 cm. Post-lymphadenectomy residual masses were sent 
to pathology and analyzed: 46.6% (7/15) presented with 
necrosis, 33.3% (5/15) with teratoma, and 20% (3/15) with 
viable tumour. The response rate and residual mass, meas-
ured by volumetry in the presence of necrosis, were 49.3% 
and 40.1 cm3 versus 63.8% and 40.2 cm3 in the presence 
of a teratoma-viable tumour, respectively. When RECIST 
criteria were used, the response rate and residual mass in the 
presence of necrosis were 31.5% and 2.7 cm versus 40.7% 
and 2.8 cm in a teratoma-viable tumour; these differences 
were not statistically significant. 

Patients were divided in two groups depending on the 
presence of a teratoma (on histology of primary tumour or 
lymphadenectomy residual mass), and we observed cor-
relation in both classifications between the persistence of a 
residual mass and the presence of teratoma. Patients with 
teratoma had a greater tumour burden (Table 3).

Metastases with a worse response rate to chemotherapy 
needed lymphadenectomy, assessed by both methods (volu-
metry p = 0.033, RECIST p = 0.023). Then, we categorized 
patients according to RECIST criteria when unidimensional 
method was used, and we proposed a classification add-
ing a category of “favourable response” when volumetric 
measurement was used (Table 4). The response rate by cat-
egories was associated with the need of a second treatment 
(lymphadenectomy), meaning that patients with complete 
and favourable response were less likely to require surgery 
(p = 0.043), whereas those categorized by RECIST did not 
show that relation with surgery (p = 0.063).

Discussion 

Metastases are commonly found in the retroperitoneum. An 
abdominopelvic CT scan is the most effective imaging study 

Volumetry in non-seminomatous tumours

Table 1. Clinical-pathological characteristics

Age, years 26.2 (range: 19–43)

Primary testicular tumour side
Left
Right

7 (38.9%)
11 (61.1%)

Stage
IIa
IIb
IIc
IIIa
IIIb
IIIc

1
2
1
2
9
3

Lymph node size, cm
<2
2–5
>5

11.1% (2/18)
50% (9/18)

38.9% (7/18)

Orchiectomy histology
Teratoma
Non-teratoma
Embryonal carcinoma
Seminoma
Yolk sac

55.5% (10/18)
44.5% (8/18)
33.3% (6/18)
16.6% (3/18)
11.1% (2/18)

Table 2. Response by volumetric and unidimensional 
measurements

Volumetry RECIST

Baseline
424.2 ± 1350 cc 

(range: 4.09–5965)
4.93 ± 4.01 cc  

(range: 1.5–18.5)

Post-chemotherapy
31.88 ± 47 cc  

(range: 0–193)
2.29 ± 1.48 cc  

(range: 0–6.01)

Response rate
63.6 ± 40.46%  

(range: -57.3%–100%)
42.8 ± 28%  

(range: -20%–100%)
RECIST: Response Evaluation Criteria In Solid Tumors.
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for staging and follow-up after treatment. When a patient 
is treated with chemotherapy, it is necessary to assess for 
response and decide whether to provide additional treatment 
or surveillance.5 The decision to surgically remove a residual 
mass depends on the seminomatous or non-seminomatous 
nature of the original tumour and the size of the residual 
mass.10

So far, two validated criteria are accepted to assess tumour 
response: RECIST and WHO criteria; these are based on uni-
dimensional and bidimensional measurements in the axial 
plane, respectively. These linear measurements have limita-
tions. They miss information about the response of lymph 
nodes because these lesions are often presented with irregu-
lar shapes and dimension changes. Other limitations include 
patient-related factors (positioning, anatomy) and technical 
factors (slide thickness, contrast administration).11,12 Our 
study tries to overcome some of these issues with the use 
of a volumetric measurement, which has demonstrated a 
good correlation and accuracy with the actual size of the 
lesion.13-15 Reproducibility, accessibility, and accuracy are 
waiting to be demonstrated in clinical practice.

We obtained volumetry by manual measurements as 
detailed before. In this technique one radiologist drew 
the boundaries of the lesion on each slide, all slides are 
grouped together and the volume is calculated for each 
lesion. Although this method is accurate, it is also time 
consuming and limited in its use in daily clinical practice. 
Nevertheless, studies have employed software and semi-
automated techniques facilitating this work and volumetry 
measurements should be applied under expert supervision 
to avoid overestimation errors.12-18

The number of lesions and tumours examined for each 
patient depends on the response rate, and most of the rec-
ommendations are arbitrary. Usually, the number of lesions 
to be measured for the assessment is 2 lymph nodes and 
2 targets per organ (up to 5 targets in total). The RECIST 
criteria suggest that 5 lesions per organ and 10 lesions in 
total should be measured at baseline examination, because 
these represent the entire tumour burden. Schwartz and col-
leagues showed that measuring more than 6 lesions did not 
yield substantial improvement.8 In fact, new RECIST criteria 
guidelines were developed (RECIST 1.1). These new guide-
lines suggest that up to 5 lesions (2 per organ) is enough to 
represent the overall tumour burden.19

In this study, we focused only on metastatic lesions present 
in the retroperitoneum because this location represents the 

most frequently affected. Lymph node metastases are more 
complex, so we did not limit the number of lesions measured 
and analyzed measurable and suspicious lesions. In this 
context, volumetric analysis may be useful in overcoming 
the limitations associated with unidimensional or bidimen-
sional methods. Besides the differences found in response 
rates between measurement methods (volumetry 62.67% 
vs. unidimensional 42.4%), we also observed that some 
patients were re-assigned to another category according to 
the method used. This fact can ultimately affect further treat-
ment decisions.

Kreuser and colleagues found a correlation between 
the initial and residual tumour volume, and no correlation 
between tumour volume and tumour markers. We analyzed 
the relation between residual mass and histologic features.20

Teratoma is a tumour that contains different elements of at 
least two of the three germ cell layers, and is usually associ-
ated with normal tumour markers. Teratomas are resistant 
to chemotherapy.1 Therefore, we analyzed the histologic 
subtype on either the initial pathology of orchiectomy or in 
the retroperitoneal lymph node dissection, associated with 
the persistence of a residual mass and the response rate. As 
expected, our results showed that the presence of teratoma 
was correlated with greater residual mass after chemother-
apy due to its chemo-resistance. Response rate differences 
between the groups with or without teratoma were not sta-
tistically significant, although a tendency was observed – this 
could be overcome with more patients. Neither residual 
mass nor the response rate could determine the histologic 
findings post-lymphadenectomy.

The category criteria assigned for response, particularly 
PR, included a very broad range of values (for example, 
tumor shrinkage of 30% and 85% are considered in the same 
category in a lesion(s) initially measuring 10 cm). Therefore, 
we introduced a new category between CR and PR – FR to 
observe if these patients have different outcomes. There was 
a correlation between response rate and the need of post-
chemotherapy surgery, suggesting that those with a favour-
able response (>70% tumour shrinkage) did not require 
immediate surgery.

One of the limitations of our study is its retrospective 
nature. It would have been helpful to include more patients. 
Also, manual volumetric analysis is time consuming, so a 

Table 3. Teratoma and residual mass

Volumetry (cc) RECIST (cm)
Teratoma 45.94 3.19

Non-teratoma 18.2 1.38

p = 0.016 p = 0.002
RECIST: Response Evaluation Criteria In Solid Tumors.

Table 4. Volumetric and RECIST response classification

Response rate Volumetry RECIST
Complete response 100% 1 1

Favourable response <100% to ≥70% 10 —

Partial response <70% to ≥30% 5 12

Stable disease <30%, increase <20% 1 5

Progressive disease, increase ≥20% 1 0

Total 18 18
RECIST: Response Evaluation Criteria In Solid Tumors.
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semi-automated technique would have been desirable if 
clinical applicability would have been an issue. We only 
included lesions present in the retroperitoneum and omit-
ted target lesions outside the retroperitoneum. Our interest 
was primarily lymph nodes because they can benefit from 
the volumetric assessment. Another limitation is the small 
number of patients, although this is a pilot study. This study 
opens up opportunities in the study of volumetry in the 
metastatic field. 

Conclusion

We propose volumetry as a measurement method and we 
evaluate the response rate for lymph node metastases of 
testicular tumours. Because of the limitations of linear assess-
ment in these lesions, volumetric analysis is the next step, 
but its accuracy remains unknown when compared with the 
standard method. RECIST criteria and volumetric assessment 
are adequate and promising methods to assess response in 
lymph node metastases. So far, response rate or residual 
mass volume cannot predict necrosis. Our classification 
showed a correlation with the need of lymphadenectomy. 
More studies are needed to validate these findings.
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