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Background: The prognostic nutritional index (PNI) is an indicator of nutritional immune status.
Recently, the PNT has been found to be significantly associated with the clinical outcome of various
solid tumors. Few patients with newly diagnosed breast cancer are in a state of malnutrition. In contrast,
breast cancer is usually an overnutrition-related disease. This study aimed to explore the relationship of
an excessively high PNI with sensitivity to neoadjuvant therapy and the prognosis of patients with locally
advanced breast cancer.

Methods: A total of 202 patients from two clinical trials, SHPD002 and SHPDO003, were included. Binary
logistic regression analysis was used to assess the association between the PNT and pathological complete
response (pCR). Univariate and multivariate survival analyses were performed to assess the prognostic factors
used to predict disease-free survival (DFS).

Results: An excessively high PNI was more difficult to achieve pCR (OR =0.322; 95% CI, 0.132-0.788,
P=0.013) and was associated with a worse DFS (log-rank P=0.013). The PNI was an independent prognostic
factor for DFS in all patients (HR =3.027; 95% CI, 1.207-7.592, P=0.018), the premenopausal (HR =8.292;
95% CI, 1.670-41.17, P=0.010), clinical T3 and T4 (HR =3.405; 95% CI, 1.141-10.16, P=0.028), ER
negative (HR =9.698; 95% CI, 1.205-78.07, P=0.033), HER2 negative (HR =3.765; 95% CI, 1.101-12.88,
P=0.035) and pCR subgroups (HR =11.912; 95% CI, 1.326-107.0, P=0.027).

Conclusions: An excessively high PNI was a risk factor for sensitivity to neoadjuvant therapy and
prognosis of patients with locally advanced breast cancer.
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Introduction to antitumor therapy, and be related to poor survival (1-4).
Nutritional immune status is closely related to various The prognostic nutritional index (PNI) was initially used to
aspects of malignant tumors. Previous studies have found evaluate nutritional status in patients undergoing surgery (5).
that malnutrition and poor immune status might increase Onodera et al. simplified the algorithm of the PNI which
the risk of postoperative complications, reduce the response was calculated with serum albumin and total peripheral
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Figure 1 Diagram of patient selection.

blood lymphocytes (6). Currently, the PNI has been
extended to the field of cancer as an indicator of nutritional
immune status and has been found to be significantly
associated with the therapeutic effects and long-term
prognosis of various solid tumors (7-10).

In gastrointestinal tumors, low PNI was an independent
poor prognostic factor for patients (7,8,10). Breast cancer
is the most common cancer in the world, and seriously
endangers women’s health (11). A relatively low PNI was
also found to be related to poor clinical outcome of breast
cancer (12). However, fewer breast cancer patients in the
early stage or even in the locally advanced stage showed
significant malnutrition at the time of diagnosis. Instead,
breast cancer might commonly be an overnutrition-
related disease. Obesity is a vital risk factor for breast
cancer in postmenopausal women (13). For breast cancer
patients, a higher body mass index (BMI) was related to
poor prognosis and resistance to therapy (14,15). Previous
studies have shown a significant positive correlation
between PNI and BMI (16). Collectively, we hypothesized
that an excessively high PNI may be associated with poor
chemotherapy response and poor prognosis in breast cancer
patients. To test this hypothesis, we retrospectively analyzed
the relationship between an excessively high PNI and the
treatment efficacy and prognosis of patients with locally
advanced breast cancer who received neoadjuvant therapy.
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(n=6)

Methods
Patients and treatment

"This study was a retrospective analysis based on prospective
clinical trials, of SHPD002 (NCT02221999) and SHPD003
(NCT02879513), conducted in Renji Hospital, School of
Medicine, Shanghai Jiao Tong University. Forty-five is a
widely used cutoff of PNI in the context of gastrointestinal
surgery (6) due to the number of studies that regarded a
PNI of less than or equal to 45 as low and the fact that low
PNI was highly associated with poor prognosis of cancer
patients (4,9) We excluded patients with a PNI less than
or equal to 45 and explored the prognostic and predictive
value of the PNI above safe surgery cutoff (PNI >45). A
total of 251 patients participated in these two clinical trials
from October, 2013 to March, 2018. Thirteen patients who
did not undergo breast surgery after neoadjuvant therapy
were dropped, and five of them were lost to follow-up.
Thirty patients who did not have a comprehensive record
of complete blood count and albumin within 7 days before
the first round of neoadjuvant chemotherapy were excluded.
Six patients” PNI values were less than or equal to 45 were
also excluded. Thus, 202 patients were analyzed in this
study (Figure I). All patients received weekly paclitaxel with
cisplatin for 16 weeks before the surgery. Patients with
positive hormone receptors randomly either combined
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the chemotherapy with neoadjuvant endocrine therapy
(letrozole for postmenopausal patients and leuprorelin
or goserelin for premenopausal patients) or not. Human
epidermal growth factor receptor 2 (HER2)-positive
patients received trastuzumab concurrent with neoadjuvant
therapy for one year. After surgery, if the patients did not
achieve the pathological complete response (pCR), they
randomly received two cycles of weekly paclitaxel with
cisplatin or four cycles of cyclophosphamide, epirubicin
and fluorouracil. If the patients achieved the pCR, they
randomly received two cycles of weekly paclitaxel with
cisplatin or no more chemotherapy. The use of adjuvant
radiotherapy was decided by the radiologist. Patients who
were hormone receptor-positive received adjuvant endocrine
therapy. Telephone follow-up or outpatient visits should be
conducted every 3 months. All procedures implemented in
the studies involving human participants conformed to the
ethical standards of the institutions and national research
committees, as well as the 1964 Declaration of Helsinki and
its subsequent amendments or similar ethical standards. The
study was approved by the Institutional Review Board (IRB)
of Renji Hospital, School of Medicine, Shanghai Jiao Tong
University {IRB approval number: [2017]088}. Written
informed consent was provided by all patients. This analysis
was designed and the results were reported in accordance
with the Reporting Recommendations for Tumor Marker
Prognostic Studies (REMARK) guidelines (17).

Data collection

Basic information which included age, menopausal status,
height, weight and tumor information which consisted of
tumor stage, estrogen receptor (ER) status, progesterone
receptor (PR) status, HER2 receptor status, and ki67
index of the primary tumor before neoadjuvant therapy,
was collected. ER and PR expression greater than or
equal to 1% was defined as positive and less than 1%
was defined as negative. ER or PR positivity was defined
as hormone-receptor positive. ER and PR negativity
were defined as hormone-receptor negative. FISH
amplification or immunohistochemistry of HER2 3+ was
defined as HER2 positive. No invasive breast cancer in
the breast and no pathological involvement in the axillary
lymph nodes were defined as pCR. Blood tests, including
serum albumin and total peripheral blood lymphocytes,
were performed within 7 days before the first round of
neoadjuvant chemotherapy and were recorded to calculate
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the PNI. The PNI is equal to 10x the serum albumin
concentration (g/dL) +0.005x the total lymphocyte count
(per mm’). The upper quartiles of all patients’ PNI was
55. Thus, the definition of an excessively high PNI was
a PNI greater than or equal to 55, and a high PNI was
greater than 45 and less than 55.

Statistical methods

The correlations of the PNI with the clinicopathological
categorical variables were determined using %’ test.
Univariate and multivariate analyses using a binary logistic
regression model were performed to analyze the association
of pCR with PNI or clinicopathological variables. Odds
ratios (ORs) and 95% confidence intervals (Cls) are shown.
Variables considered in the multivariate model of predicting
sensitivity of pCR and survival analysis included menopausal
status, tumor stage, ER status, PR status, HER2 status and
ki67 index. There was no collinearity between each variable.
Disease-free survival (DFS) was defined as the time between
the operation and the first recurrence of locoregional relapse,
distant metastasis, contralateral breast cancer, other second
primary cancer or death from any cause. Patients who were
still alive and event-free at the last follow-up were censored.
The Kaplan-Meier method and log-rank test were used for
survival analysis. Cox proportional hazard regression analyses
were performed to investigate the association of PNI or
each variable with DFS. Hazard ratios (HRs) and 95% Cls
were calculated. A P value <0.05 was identified as statistically
significant. Stata 14.0 was used for data analysis. (Stata
Corporation, College Station, TX, USA).

Results
Clinicopathologic characteristics

A total of 202 patients were included in the analyses, with a
median follow-up of 26 months (IQR, 16-42 months). One
hundred forty-seven patients were in the high-PNI group
and 55 patients were in the excessively-high-PNI group.
The median Ki67 index was 40% in high-PNI, excessively-
high-PNI group and total patients. There were 65 patients
who achieved a pCR, and the total pCR rate was 32.18%. In
terms of menopausal status (P=0.350), clinical tumor stage
(P=0.575), ER status (P=0.189), PR status (P=0.215), HER2
status (P=0.847), the high-PNI and excessively-high-PNI
groups were not significantly different (7able I).
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Table 1 Patient characteristics

Total patients PNI

Variables (N=202), n High  Excessively P
(%) (N=147) high (N=55)

Menopausal status
Premenopausal 99 (49.01) 75 24 0.350
Postmenopausal 103 (50.99) 72 31

Clinical T stage
T1-T2 100 (49.50) 71 29 0.575
T3-T4 102 (50.50) 76 26

ER status
Negative 63 (31.19) 42 21 0.189
Positive 139 (68.81) 105 34

PR status
Negative 50 (24.75) 33 17 0.215
Positive 152 (75.25) 114 38

HER2 status
Negative 119 (58.91) 86 33 0.847
Positive 83 (41.09) 61 22

pCR
No 137 (67.82) 95 42 0.112
Yes 65 (32.18) 52 13

PNI, prognostic nutrition index; ER, estrogen receptors; PR,
progesterone receptors; HER2, human epidermal growth factor
receptor 2; pCR, pathological complete response.

621

Association of PNI and pCR

In univariate logistic regression analysis, negative ER status
(OR =0.198; 95% CI, 0.104-0.377, P<0.001), positive
HER?2 status (OR =3.498; 95% CI, 1.888-6.478, P<0.001)
and a higher Ki67 index (OR =1.042; 95% CI, 1.026-1.058,
P<0.001) favored pCR. Menopausal status (OR =1.081; 95%
CI, 0.599-1.951, P=0.796), clinical tumor stage (OR =0.644;
95% CI, 0.355-1.168, P=0.147), PR status (OR =0.563;
95% CI, 0.089-1.091, P=0.089), and PNT (OR =0.565; 95%
CI, 0.279-1.148, P=0.115) were not found to be obviously
associated with pCR.

After adjusting for menopausal status, clinical tumor
stage, ER status, PR status, HER2 status and Ki67 index,
the multiple logistic regression analysis revealed that
excessively high PNI was significantly associated with
the non-pCR group (OR =0.322; 95% CI, 0.132-0.788,
P=0.013). Patients with a higher Ki67 index achieved pCR
more easily (OR =1.039; 95% CI, 1.020-1.058, P<0.001).
In addition, ER status (OR =0.152; 95% CI, 0.059-0.389,
P<0.001) and HER2 status (OR =4.591; 95% CI, 2.126—
9.917, P<0.001) could also predict pCR (1able 2).

Survival analyses

In the univariate analysis, the DFS of the excessively-high-
PNI group was significantly shorter than that of the high-
PNI group (log-rank P=0.013, Figure 2). Multivariate
analysis showed that the PNI was an independent prognostic
factor for DFS (HR =3.027; 95% CI, 1.207-7.592, P=0.018,

Table 2 Univariate and multivariate binary logistic regression analyses of PNI or clinical characteristics and pathological complete response to

neoadjuvant therapy

Univariate Multivariate
Variable Categories
OR 95% ClI P OR 95% CI P
Menopausal status  Postmenopausal vs. 1.081 0.599-1.951 0.796 0.670 0.310-1.448 0.308
premenopausal

Clinical tumor stage T3-T4 vs. T1-T2 0.644 0.355-1.168 0.147 0.486 0.231-1.031 0.057
ER status Positive vs. negative 0.198 0.104-0.377 <0.001* 0.152 0.059-0.389 <0.001*
PR status Positive vs. negative 0.563 0.089-1.091 0.089 1.514 0.576-3.980 0.400
HER2 status Positive vs. negative 3.498 1.888-6.478 <0.001* 4.591 2.126-9.917 <0.001*
Ki67 index Continuous 1.042 1.026-1.058 <0.001* 1.039 1.020-1.058 <0.001*
PNI Excessively high vs. high ~ 0.565 0.279-1.148 0.115 0.322 0.132-0.788 0.013*

*, indicates statistical significance (P<0.05). ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor
receptor 2; PNI, prognostic nutrition index; OR, odds ratio; Cl, confidence interval.
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Figure 2 Kaplan-Meier survival curve for disease-free survival in the high-PNI group versus the excessively-high-PNI group. PNI,

prognostic nutrition index.

Table 3 Cox proportional hazards regression: multivariate survival analysis of PNT and disease-free survival

Variable Categories HR 95% ClI P

Menopausal status Postmenopausal vs. premenopausal 1.608 0.632-4.093 0.319
Clinical tumor stage T3-T4 vs. T1-T2 1.474 0.613-3.545 0.386
ER status Positive vs. negative 1.209 0.420-3.481 0.469
PR status Positive vs. negative 0.524 0.200-1.428 0.211
HER2 status Positive vs. negative 1.385 0.591-3.246 0.454
Ki67 index Continuous 1.028 1.007-1.050 0.010*
PNI Excessive high vs. high 3.027 1.207-7.592 0.018*

*, indicates statistical significance (P<0.05). ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor
receptor 2; PNI, prognostic nutrition index; HR, hazard ratio; Cl, confidence interval.

Table 3). In addition, in the premenopausal (HR =8.292;
95% CI, 1.670-41.17, P=0.010), clinical T3 and T4 (HR
=3.405; 95% CI, 1.141-10.16, P=0.028), ER negative (HR
=9.698; 95% CI, 1.205-78.07, P=0.033), HER2 negative
(HR =3.765; 95% CI, 1.101-12.88, P=0.035) and pCR
subgroups (HR =11.912; 95% CI, 1.326-107.0, P=0.027,
Figure 3), the PNI was also significantly related to the DFS
of patients.

© Gland Surgery. All rights reserved.

Discussion

In this study, we evaluated the relationship between the
PNI and the treatment sensitivity and prognosis for breast
cancer patients who received neoadjuvant chemotherapy.
As far as we know, this was the first time that patients with
excessively-high PNI were found to have more difficultly
achieving pCR and to have shorter DFS durations.
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Subgroup No. patients Hazard Ratio (95%Cl) P
Overall 202 —a— 2788 1.200to 6.478 0.017
Menopausal status

Premenopausal 99 _— 8.292 1.670 to 41.17 0.010

Postmenopausal 103 —i— 1413  0.486t04.110 0.526
Clinical tumor stage

T1-T2 100 —_— 2200 0.579to 8.358 0.247

T3-T4 102 —_— 3405 1.141to0 10.16 0.028
Estrogen receptor status

Negative 63 9698  1.205to 78.07 0.033

Positive 139 —— 1311 0.402 to 4.274 0.653
Progesterone receptor status

Negative 50 —_— 2243 0.555t09.072 0.257

Positive 152 _ 2472 0.8281t07.382 0.105
HER2 status

Negative 119 —_— 3765 1.101to 12.88 0.035

Positive 83 _ 2182 0.655to0 7.273 0.204
pCR

No pCR 137 —— 1903 0.733t04.941 0.196

pCR 65 11.91 1.326 to 107.0 0.027

I T T 1
0.10 1.0 10.0 100.0
excessively-high-PNI high-PNI
Better Better

Figure 3 Forest plot of disease-free survival. Subgroup analysis for disease-free survival were performed using patient baseline

characteristics.

Therefore, we propose a new viewpoint that an excessively
high PNI is a risk factor for poor treatment efficacy and
prognosis for breast cancer patients undergoing neoadjuvant
chemotherapy. Given that nutritional immune status of
cancer patients has attracted increasing attention, our
research has important clinical implications.

The PNI is a serum albumin- and peripheral blood
lymphocyte-based nutritional parameter (6). The PNI was
initially used to provide an accurate, quantitative estimate
of operative risk in individuals undergoing gastrointestinal
surgery (5). Currently, the PNI is a simple indicator that
has extensive clinical applications. The relationship between
the PNI and prognosis in various types of malignancies
was reported previously (4,10,16,18,19). Although findings
related to the PNI and prognosis have been reported in
breast cancer patients (12,20), these studies did not focus
on the difference between high and excessively high
PNI values. Because U-shaped or J-shaped associations
have been found between BMI and all-cancer mortality
(21,22), we postulated that both low PNI and excessively
high PNI might predict poor prognosis in breast cancer
patients. Fewer patients who were initially diagnosed
with breast cancer had a lower PNI. Out of 208 patients
with comprehensive records in our study, only 6 patients’

© Gland Surgery. All rights reserved.

PNI was less than or equaled to 45. In contrast to the
abovementioned prior research, we excluded patients with
low PNI values (PNI <45) and divided patients into high-
PNI and excessively-high-PNI group. Furthermore, we
tested our hypothesis using a prospective follow-up database
of locally advanced breast cancer patients in neoadjuvant
clinical trials and found that patients with excessively high
PNI values had significantly shorter DFS than patients
with high PNI values. An excessively high PNI was an
independent risk factor for DFS among nonmalnourished
neoadjuvant chemotherapy patients. Several studies have
found that nutritional status was related to the prognosis of
breast cancer (14,15,23,24). A meta-analysis that included
data from 213,075 breast cancer patients in 82 studies
(including 23,182 cases of breast cancer-related deaths)
suggested that overweight (BMI 25-30, RR =1.07; 95%
CI, 1.02-1.12) and obesity (BMI >30, RR =1.41; 95% CI,
1.29-1.53) increased the risk of breast cancer death (24).
In patients who received neoadjuvant therapy, high BMI was
associated with worse DFS and overall survival (OS) (23).
All these data indirectly supported our results. It was
reported that obesity caused chronic inflammation both
systemically and locally and promoted breast cancer
growth (25,26). However, inflammation and its protumor
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consequences could be found in some individuals who are
not considered obese or overweight by BMI (27). Thus, the
PNTI is a good complement to BMI for the estimation of the
overnutrition status and prognosis of breast cancer patients.

Noutritional parameters have been reported to be related
to sensitivity to treatment. Previous studies have shown
that overnutrition could detrimentally affect treatment
outcomes (23). In the Arimidex, Tamoxifen Alone or in
Combination (ATAC) trial, Sestak er /. found that obese
patients (BMI >35 kg/m’) had a higher recurrence rate in
a group of postmenopausal breast cancer patients treated
with anastrozole or tamoxifen. The relative efficacy of
anastrozole compared to tamoxifen was greater in the thin
postmenopausal women (28). In terms of neoadjuvant
therapy, Fontanella ez 2/. combined data from 8,872 patients
in eight neoadjuvant clinical trials of breast cancer and
performed an analysis. A BMI >30 kg/m’ had a negative
impact on pCR rate (23). In our study, we also found that a
higher BMI (>24) might make it more difficult to achieve
pCR (P=0.049). The PNI, which combines albumin and
lymphocyte count, might reflect nutritional and immune
status. A higher PNI might indicate a better nutritional
status. Consistent with the BMI results, the patients in
our study with an excessively high PNI (>55) had more
difficultly to achieve pCR. Our results demonstrated that an
excessively high PNI could predict poor treatment response
and further explored the meaning of the PNI in the context
of breast cancer. In addition, many large prospective
neoadjuvant clinical trials have demonstrated that patients
who achieved pCR might have a better long-term prognosis
(29,30). Our study found that patients with an excessively
high PNI had more difficultly achieving pCR than patients
with a high PNI. Therefore, this finding could partially
explain the poor prognosis of patients with an excessively
high PNI.

The major strengths of this study were that it was
based on neoadjuvant clinical trials and that the follow-up
database was perspective. The limitations were the relatively
small sample size, the short mean follow-up duration and
the current absence of OS results. The OS will be analyses
after a longer follow-up. Further validation in a large
prospective study is needed to further assess the predictive
and prognostic value of PNI for breast cancer patients in
the future.

Conclusions

Overall, an excessively high PNI was a risk factor for
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sensitivity to neoadjuvant therapy and prognosis of patients
with locally advanced breast cancer. Large-scale, prospective
studies are needed in the future to further validate and
optimize the predictive power of the PNI in terms of
neoadjuvant chemotherapy for breast cancer.
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