
ORIGINAL ARTICLE

Radiologically enlarged cardiophrenic lymph nodes and CA-125 in relation to
diaphragmatic carcinomatosis, surgical outcome, and overall survival in
advanced ovarian cancer

Alba Planaa , Robert Taloa, Nils-Olof Wallengrenb, Sonja Pudaricb, Hanna Sartorc and Mihaela Asp
aDepartment of Obstetrics and Gynecology, Department of Clinical Science Lund, Skåne University Hospital, Lund University, Lund, Sweden;
bDivision of Medical Imaging and Physiology, Department of Clinical Science Lund, Skåne University Hospital, Lund, Sweden; cDiagnostic
Radiology, Department of Translational Medicine, Lund University, Skåne University Hospital, Lund, Sweden

ABSTRACT
Background: We primarily aimed to determine whether the presence of enlarged cardiophrenic lymph
nodes (CPLNs), visualized by computed tomography (CT), and CA-125 can be used to assess diaphrag-
matic carcinomatosis and residual disease (RD) in advanced ovarian cancer (AOC) patients treated with
upfront surgery. The secondary aim was to determine the prognostic role of CT-CPLNs in overall sur-
vival (OS).
Material and methods: A single-center, retrospective, population-based study was conducted of
patients who underwent surgery for AOC from January 1, 2014-December 31, 2018. Suspicious
CT-CPLNs were defined as having a short axis �5mm. The median survival and rate of survival were
calculated with the Kaplan–Meier method using multivariate Cox regression analyses, including com-
parisons of complete cytoreductive surgery (CCS; defined as the complete removal of all intra-abdom-
inal tumor) versus noncomplete cytoreductive surgery (non-CCS) and analyses related to CT-CPLN
status and preoperative CA-125 values.
Results: We included 208 patients. CT-CPLNs correlated with both diaphragmatic carcinomatosis (OR
3.59, 95% CI 1.81–7.16, p< 0.01) and RD (OR 2.54, 95% CI 1.38–4.6, p¼ 0.003). When CCS was
achieved, no differences in survival between patients with suspicious or nonsuspicious CT-CPLNs were
found. The relationships between CA-125� 500U/ml and diaphragmatic carcinomatosis (OR 3.51, 95%
CI 1.86–6.64, p< 0.01) and RD (OR 2.41, 95% CI 1.33–4.38, p¼ 0.004) were positive. All data were
adjusted for age and ECOG performance status. Survival analyses were also adjusted for RD.
Conclusion: Enlarged CPLNs on CT scans and CA-125 levels correlate with diaphragmatic carcinoma-
tosis and RD at the end of the surgery. The strongest prognostic factor for OS remains CCS, regardless
of the CT-CPLN status.
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Background

Epithelial ovarian cancer, comprising ovarian, fallopian, and
peritoneal cancer, is the leading cause of death from gyneco-
logic malignancies in developed countries [1]. More than
two-thirds of cases present at advanced stages (III and IV),
defined by the FIGO (F�ed�eration Internationale de
Gyn�ecologie et d‘Obst�etrique) as disease spread outside of
the pelvis [2].

The lack of macroscopic residual disease (RD; defined as
any visible intra-abdominal tumor) after a debulking surgery
has been demonstrated to be the most important independ-
ent prognostic factor in advanced ovarian cancer (AOC) [3].
The standard of care for AOC is primary debulking surgery
(PDS) with the intention of complete resection of all macro-
scopic disease followed by six courses of platinum-based and
taxane-based therapy [4]. An alternative approach is neoadju-
vant chemotherapy (NACT) followed by interval debulking

surgery (IDS), which has shown similar progression-free sur-
vival (PFS) and overall survival in two different studies, but
this finding is currently being reinvestigated in the Trial on
Radical Upfront Surgical Therapy (TRUST), an international
open, randomized, controlled multicenter trial [5]. Correctly
assessing the extent of disease and the feasibility of a suc-
cessful PDS and finding tools that assist us in predicting it
are of the utmost importance.

Despite being the standard method, the preoperative diag-
nosis of peritoneal and diaphragmatic carcinomatosis by
means of CT scanning poses a challenge, especially in the
absence of ascites or lymph nodes larger than 1 centimeter [6].
There is a wide range of results when evaluating the sensitivity
of CT scans to diagnose peritoneal carcinomatosis. Sensitivity
can vary from 28% to 93% per patient according to previous
publications on colorectal cancer, while Luger et al. found a
sensitivity of 64% in detecting carcinomatosis of the upper
abdomen in ovarian cancer [7,8] Therefore, it would be
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interesting to identify surrogate markers of peritoneal carcin-
omatosis given that there is usually an association between
upper abdominal disease and a high peritoneal carcinomatosis
index (PCI) that could indicate a larger challenge in achieving
macroscopically complete tumor resection [8,9].

Some studies have reported that the presence of enlarged
cardiophrenic lymph nodes (CPLNs) is associated with peri-
toneal involvement and worse overall survival and is a pos-
sible predictive parameter for nonoptimal debulking surgery
[8,10–12]. However, surgically removing CPLNs does not
seem to improve survival in patients who have undergone
surgery and have zero residual disease, despite their negative
effect on survival [13]. This study aims to investigate the role
of CPLNs in residual disease and survival in the upfront set-
ting. In a recent study, the addition of CA-125 as a parameter
in a combined score with CPLNs improved the predictive
value of achieving complete intra-abdominal tumor resection
[8]. The purpose of the present study was to add to the lit-
erature in terms of the role of CPLNs and CA-125 in foresee-
ing the extent of diaphragmatic carcinomatosis, the
capability of achieving complete macroscopic cytoreduction,
and its relationship with overall survival.

Material and methods

The study is a retrospective, population-based analysis of all
the patients with primary epithelial ovarian cancer, stage III
and IV, treated in a single tertiary center between 2014 and
2018. All patients underwent upfront surgery at the
Gynecology Department of Skane University Hospital, Lund.
The inclusion criteria were as follows [1]: advanced ovarian
cancer [2], upfront cytoreductive surgery [3]; preoperative
thorax and abdomen CT images available; and [4] follow-up
data until March 2022. The exclusion criteria were as follows
[1]: interval debulking surgery [2]; palliative treatment; and
[3] incomplete follow-up data. All patient data were handled
according to the World Medical Association’s Declaration of
Helsinki 2013 and in compliance with Swedish national law.
The Swedish Ethical Review Authority approved this study
(apl.no. 2019/00450).

The clinical data, including age, ECOG performance status,
and CA-125 level, were registered. Because of the skewed
distribution, CA-125 data were both logarithmized and dicho-
tomized into two groups: <500U/ml and �500U/ml.

All eligible patients underwent CT scanning of the thorax
and abdomen in the supine position and the majority with
intravenous and oral contrast. By convention, all digital CT
images were reformatted in the coronal and sagittal planes
(all planes 5mm slice thickness). The data were analyzed by
two radiologists, and according to the European Society of
Urogenital Radiology (ESUR), all CPLNs with a short-axis
�5mm were defined as suspicious (CT-CPLNs) [14].

All surgical debulking procedures were performed in the
Gynecology Department of Skane University Hospital, which
is a tertiary center for cancer care in Sweden. The medical
history, clinical examination and imaging data of all patients
were preliminarily discussed in a multidisciplinary manner,
and a therapy plan was designed. Surgeries included pelvic

procedures, medium abdomen procedures and upper abdo-
men procedures. Depending on the surgical result, the
patients were categorized into a group with complete cytor-
eductive surgery (CCS), including all patients with zero RD at
the end of the surgery, or in a group with RD of any size
(non-CCS). Intraoperative data, including carcinomatosis on
the diaphragmatic surfaces, were registered.

Overall survival was defined as the time interval from the
date of surgery to the date of death or last follow-up. To ana-
lyze the possible differences in survival in relation to CT-CPLN
status, the patients were matched in pairs: CT-CPLN <5mm vs.
�5mm and CCS vs. non-CCS. The association between CT-
CPLNs �5mm and clinicopathological parameters was ana-
lyzed using Mann–Whitney U or chi-square tests. The median
survival and the rate of survival were calculated using the
Kaplan–Meier method and multivariate Cox regression analy-
ses for the CCS and non-CCS groups and the CT-CPLN status,
respectively. A log-rank test was used to compare the statis-
tical significance of differences between the Kaplan–Meier
curves. A p value and a confidence interval were generated to
calculate the statistical significance. A p value of <0.05 was
considered significant. All statistical analyses were performed
using the statistical software IBM SPSS Statistics for Windows,
version 26.0 (released in 2019 by IBM Corp., Armonk, NY).

Results

Descriptive data

Overall, 208 patients with AOC were identified as eligible for
this study. The median age in the whole group was
68.3 years, and the median follow-up time was 42.6months.
The FIGO distribution was as follows: twelve patients (5.7%)
had FIGO stage IIIA, 15 (7.2%) had FIGO stage IIIB, 133
(63.6%) had FIGO stage IIIC, 23 (11%) had FIGO stage IVA
and 25 (12%) were classified as FIGO stage IVB.

In 132 patients (63.5%), complete cytoreduction was
achieved, while 76 patients (36.5%) had the residual disease
at the end of the surgery (28.4% residual disease <10mm
and 8.2% residual disease �10mm). In 5 patients, the data
on CT-CPLN status were unclear, and these patients were
excluded from further analyses.

In 88 patients (43.3%), radiologically enlarged CPLNs with
short axes �5mm were registered. Patients with enlarged
CT-CPLNs were associated with a higher CA-125 level at
baseline (mean value 1165± 1401.6 U/ml) compared with
those with unsuspicious CT-CPLNs (660 ± 11021U/ml;
p¼ 0.000). An association was found between enlarged CT-
CPLNs and patient age at diagnosis (66.6 vs. 67.3 years,
p< 0.01). Intraoperative diaphragmatic carcinomatosis was
registered in 140/203 (67.4%) of the patients. The patient
characteristics are presented in Table 1.

The role of CPLNs in preoperative evaluation of
diaphragmatic carcinomatosis and the risk of residual
disease

Logistic regression analyses showed a positive relationship
between CT-CPLNs and diaphragmatic carcinomatosis (OR
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3.66, 95% CI 1.85–7.24, p< 0.01) and between CT-CPLNs and
residual disease (OR 2.37 95% CI 1.32–4.25, p< 0.004). After
adjusting for age and ECOG status, the positive relationship
between CT-CPLNs and diaphragmatic carcinomatosis and
residual disease was maintained (OR 3.59, 95% CI 1.81–7.16,
p< 0.01 and OR 2.54, 95% CI 1.38–4.6, p¼ 0.003,
respectively).

The role of CA-125 in the preoperative evaluation of
diaphragmatic carcinomatosis and the risk of residual
disease

The mean CA-125 value was 869.8 U/ml, with a range
between 10 and 10,000. Logistic regression analyses showed
a positive relationship between CA-125� 500U/ml and dia-
phragmatic carcinomatosis (OR 3.53, 95% CI 1.88–6.65,

p< 0.01) and a positive relationship with residual disease (OR
2.46, 95% CI 1.37–4.41, p< 0.002). The positive relationship
was maintained in the multivariate logistic regression analy-
ses. After adjusting for age and ECOG status,
CA125� 500U/ml was positively related to diaphragmatic
carcinomatosis (OR 3.51, 95% CI 1.86–6.64, p< 0.01) and
residual disease (OR 2.41, 95% CI 1.33–4.38, p¼ 0.004).

Survival analyses

The median OS of the entire cohort was 43.9months.
Survival differences were observed between the CCS group
and the non-CCS group (56.6months and 25.5months,
respectively, p< 0.000) (Figure 1). Both univariate and multi-
variate Cox regression analyses adjusted for age and ECOG
performance status showed a positive relationship between
the completeness of surgery and OS (HR 2.8; 95% CI 1.93–
4.06, p< 0.01, and HR ¼ 2.2; 95% CI ¼ 1.58–3.35, p< 0.01,
respectively).

When data were matched for CT-CPLNs, patients with an
enlarged CPLN on CT scan vs. patients without an enlarged
CT-CPLN, no differences in median survival were found
(47.1months vs. 41.6months, p< 0.415). These results were
sustained in both univariate and multivariate Cox regression
analyses, adjusted for age, ECOG performance and residual
disease at the end of surgery (HR ¼ 1.17; 95% CI ¼ 0.81–
1.69, p¼ 0.415, and HR 0.995; 95% CI¼ 0.64-1.42, p¼ 0.819,
respectively).

Kaplan–Meier analysis of the effect of completeness of
surgery (CCS vs. non-CCS) showed significant differences in
overall survival in both groups, as shown in Figure 2 (A and
B). The median survival for patients with a CT-CPLN <5mm
was 56.5months for patients who underwent CCS and
25.5months for patients with residual disease (p< 0.01). For
patients with a CT-CPLN �5mm, the median survival was

Table 1. Patient characteristics.

Variables

Cardiophrenic lymph nodes

CT-negative CT-positive (�5mm) p value

Total 203 (%) 115 (56.7) 88 (43.3)
Age mean/range 66.6 (28–89) 67.3 (36–91) p< 0.01
ECOG �1 103 (89.6) 85 (96.6) p¼ 0.07
ECOG >1 11 (9.5) 3 (3.4)
Missing data 1 (0.9)
CA-125 U/ml

mean/SD
660 ± 11021.2 1165 ± 1401.6 p< 0.01

FIGO stage
IIIA 12 (10.4) 0
IIIB 6 (5.2) 8 (9.11) p¼ 0.025
IIIC 72 (62.6) 60 (68.2)
IV 25 (21.7) 20 (22.7)

Diaphragmatic
carcinomatosis
Absent 47 (40.8) 14 (15.9)
Present 67 (58.2) 73 (82.9) p< 0.01
Missing data 1 (0.9) 1 (1.1)

Follow-up time (months/SD) 45.27 ± 25.8 39.35 ± 25.1 p< 0.01

Figure 1. Kaplan–Meier analysis of overall survival as shown for CCS or non-CCS in the whole patient group (p< 0.000).
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68.4months for the CCS group and 25.5months for patients
with residual disease (p¼ 0.001).

When data were matched for CCS vs. non-CCS, no differ-
ences in survival were found between patients with a CT-
CPLN below or above 5mm. In the CCS group, the patients
exhibiting enlarged CT-CPLNs had a median survival of
56.5months, compared with the median survival in patients
with CT-CPLNs <5mm (68.4months) (p¼ 0.865). No differen-
ces in survival were registered in the non-CCS group
(25.5months vs. 25.5months, for patients with CT-CPLNs
�5mm and <5mm, respectively, p¼ 0.793) (Figure 3(A
and B)).

Univariate Cox regression analyses showed a negative cor-
relation between CA-125 and OS. Every doubling of CA-125
increased the hazard of dying by 70% (HR ¼ 1.70; 95% CI ¼
1.123–2.35, p¼ 0.001). The positive correlation was not main-
tained when data were adjusted for age, ECOG performance
status and RD at the end of the surgery (HR ¼ 1.29; 95%
0.94–1–76, p¼ 0.116).

Discussion

In this study, RD after surgery was found to be correlated
with the presence of radiologically enlarged CPLNs and the

Figure 2. Overall survival according to CCS/non-CCS reported in the presence or absence of suspicious CT-CPLNs (defined as a short axis �5mm).
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CA-125 level. Patients with radiologically enlarged CPLN did
not have worse OS than those not presenting enlarged CT-
CPLN.

One of the most important prognostic factors in advanced
ovarian cancer that might be influenced is the completeness
of resection, and our results conform to this [3]. The pre-
operative estimation of the tumor extent and the preopera-
tive prediction of resectability are important factors that
assist the surgeon in correctly selecting candidates for
upfront surgery.

In patients with AOC, the tumor may extend extra abdom-
inally, such as in CPLNs. There is an ongoing discussion
about the impact of CPLNs as a predictor of tumor extent
and resectability. In a study by Luger et al. a positive

relationship was found between CPLNs �5mm and tumor
extent in the upper abdomen and surgical outcome [8,15].
These results are in line with the results of the present study.

Regarding the surgical removal of CPLNs, many questions
remain to be answered. Surgical extirpation of CPLNs has
been shown to be feasible and without considerable added
morbidity, but it does not seem to improve survival [13,16].
Mert et al. analyzed 253 patients and found that survival was
impaired in patients with enlarged CT-CPLNs and zero
residual disease, whereas in patients with residual disease,
no difference in survival was found regardless of the CT-
CPLN status [12]. In our study, we found no relationship
between CT-CPLN status and survival, regardless of the com-
pleteness of cytoreductive surgery. This is in accordance with

Figure 3. Overall survival according to the presence/absence of suspicious CT-CPLNs and residual disease at the end of the surgery (CCS/non-CCS).
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a previous study conducted by Sartor et al. in which no sig-
nificant correlation between CT-CPLNs and survival was
found (completeness of surgery was not considered in this
study) [17]. This might also explain why no improvement in
survival was seen when CPLNs were removed. To the best of
our knowledge, the present study is one of the few studies
not showing a relationship between CT-CPLNs and survival
regardless of surgical results. In addition to previous studies
showing no survival benefit of removing CPLNs, the results
of our study underline the lack of evidence supporting surgi-
cal removal, which subjects patients to unnecessary surgery.

It is worth to point out that some of the patients in our
study may have been understated. There is 43% of patients
with enlarged CT-CPLN without any confirmed histology as
they were not removed. In the case that these were histolog-
ically positive CPLN they would belong to the stage IV
group.

The impact of lymph node metastases in AOC is not clear.
The Lymphadenectomy in Ovarian Neoplasms (LION) study
[18] has examined the role of iliac and paraaortic lymphade-
nectomy in advanced ovarian cancer patients. When com-
plete cytoreductive surgery was achieved, the surgery was
followed by intraoperative randomization of the patients to
either systematic lymph node dissection or extirpation of
bulky nodes. The results did not show any benefit of system-
atic lymph node extirpation. Hjerpe et al. explored the prog-
nostic implication of nonregional lymph nodes as only
distant metastatic sites in stage IV patients, concluding that
these patients lived longer than stage IV patients with other
stage IV manifestations [19].

The prognostic role of enlarged lymph nodes in AOC
seems to be limited for both intra-abdominal and extra-
abdominal nodes, which emphasizes the importance of pri-
mary removal of abdominal disease, regardless of lymph
node status. Interestingly, in the present study, no positive
CT-CPLN was found in any of the stage IIIA cases. This
adheres to the theory that the CPLN metastasis process
depends on lymphatic drainage from the upper abdomen
and diaphragm and not on the main lymphatic pathways
and that it seems to be a surrogate marker of tumor load
and upper abdominal disease [20,21].

CA-125 is a biomarker commonly used when diagnosing
AOC. Studies on CA-125 as a reliable marker for predicting
both tumor extent and resectability have shown contradict-
ory results [22]. In the present study, CA-125 was found to
be correlated with both peritoneal carcinomatosis on the dia-
phragm and RD. For patients with a CA-125 value above
500U/ml, the risk of diaphragmatic carcinomatosis was 3.5
times higher, and the risk for residual disease of any size was
increased by 2.4 times. The prognostic role of CA-125 is still
unclear; some studies have shown that CA-125 is a prognos-
tic factor for recurrence but not for survival, whereas others
have found that it is predictive of RD and survival [23,24]. In
the present study, we found that CA-125 seems to play a
prognostic role. The risk of dying of the disease increased by
70% for every doubling of the CA-125 value, but after adjust-
ing for patient age, ECOG performance status and complete-
ness of surgery, the correlation was no longer sustained.

In conclusion, CT-CPLNs and CA-125 could potentially be
part of preoperative therapy planning management and are
among the many predictive factors of surgical outcome.
Regardless of CT-CPLN status, the only important independ-
ent prognostic factor in AOC seems to be the removal of all
macroscopic disease.
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