
Early Prostate-Specific Antigen Changes and Clinical
Outcome After 177Lu-PSMA Radionuclide Treatment in
Patients with Metastatic Castration-Resistant Prostate Cancer

Andrei Gafita1, Matthias M. Heck2, Isabel Rauscher1, Robert Tauber2, Lisena Cala1, Charlott Franz1,
Calogero D’Alessandria1, Margitta Retz2, Wolfgang A. Weber1, and Matthias Eiber1

1Department of Nuclear Medicine, Technical University of Munich, Klinikum Rechts der Isar, Munich, Germany; and 2Department of
Urology, Technical University of Munich, Klinikum Rechts der Isar, Munich, Germany

Prostate-specific antigen (PSA) is widely used to monitor treatment

response in patients with metastatic castration-resistant prostate

cancer. However, PSA measurements are considered only after
12 wk of treatment. We aimed to evaluate the prognostic value of

early PSA changes after 177Lu-labeled prostate-specific membrane

antigen (177Lu-PSMA) radionuclide treatment in metastatic castra-
tion-resistant prostate cancer patients. Methods: Men who were

treated with 177Lu-PSMA under a compassionate-access program

at our institution and had available PSA values at baseline and at

6 wk after treatment initiation were included in this retrospective
analysis. Patients were assigned to 3 groups on the basis of PSA

changes: response ($30% decline), progression ($25% increase),

and stable (,30% decline and ,25% increase). The coprimary

endpoints were overall survival and imaging-based progression-free
survival. The secondary endpoints were PSA changes at 12 wk and

PSA flare-up. Results: We identified 124 eligible patients with PSA

values at 6 wk. A greater than or equal to 30% decline in PSA at 6 wk

was associated with longer overall survival (median, 16.7 mo; 95% CI,
14.4–19.0) than stable PSA (median, 11.8 mo; 95% CI, 8.6–15.1) (P 5
0.007) or PSA progression (median, 6.5 mo; 95% CI, 5.2–7.8) (P ,
0.001). Patients with a greater than or equal to 30% decline in PSA at
6 wk also had a lower risk of imaging-based progression than patients

with stable PSA (hazard ratio, 0.60; 95% CI, 0.38–0.94) (P 5 0.02),

whereas patients with PSA progression had a higher risk of imaging-

based progression than patients with stable PSA (hazard ratio, 3.18;
95% CI, 1.95–5.21) (P , 0.001). The percentage changes in PSA at 6

and 12 wk were highly associated (r5 0.90; P, 0.001). Of 31 patients

who experienced early PSA progression at 6 wk, 29 (94%) showed

biochemical progression at 12 wk. Overall, only 1 (3%) of 36 patients
with PSA progression at 6 wk achieved any PSA decline at 12 wk (1%

of the entire cohort). The limitations of the study included its retro-

spective nature and the single-center experience. Conclusion: PSA
changes at 6 wk after 177Lu-PSMA initiation are an early indicator of

long-term clinical outcome. Patients with PSA progression after 6 wk of

treatment could benefit from a very early decision to switch treat-

ment. PSA flare-up during 177Lu-PSMA treatment is very uncommon.
Prospective studies are now warranted to validate our findings and po-

tentially inform clinicians earlier on the effectiveness of 177Lu-PSMA.
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Despite recent therapeutic advances, only one-third of patients
with metastatic castration-resistant prostate cancer (mCRPC) survive
more than 5 y, with survival rates depending on known prognos-
tic risk factors (1,2). The results of 177Lu-labeled prostate-
specific membrane antigen (177Lu-PSMA) radionuclide therapy of
mCRPC have been reported for more than 1,000 patients in com-
passionate-access programs in Germany and other countries (3).
These results as well as encouraging efficacy in phase 2 clinical
trials (4,5) have led to an ongoing phase 3 clinical trial (VISION;
ClinicalTrials.gov identifier: NCT03511664). Reliable markers and
early prognostic factors are urgently needed to support patient man-
agement decisions and to select optimized therapy sequencing
in mCRPC.
Since the introduction of serum prostate-specific antigen (PSA)

screening in the 1980s (6), prostate cancer management has been
guided by this biomarker. For mCRPC, 30% and 50% declines in
PSA after 12 wk of treatment have been consistently associated
with longer survival (7–9). Similarly, a 25% rise in PSA from
baseline/nadir has been associated with a poor outcome (10,11).
According to Prostate Cancer Working Group 3 (PCWG3) recom-
mendations for mCRPC, PSA progression should not be determined
in the first 12 wk of treatment because of possible late declines
and flare reactions reported in patients treated with taxanes (12–
14). However, previous reports found early PSA changes after
4 wk of treatment with abiraterone acetate and enzalutamide to
be associated with overall survival, with flare reactions being
uncommon (15,16). Insufficient data have been reported regard-
ing the clinical outcome of early PSA changes in mCRPC pa-
tients treated with 177Lu-PSMA. The primary objective of this
study was to evaluate the association between PSA changes at 6 wk
after treatment initiation and clinical outcome. The secondary ob-
jectives were to assess the frequency of PSA flare-up and the asso-
ciations between PSA changes at 6 wk and those at 12 wk. We
hypothesized that patients with an early 25% increase in PSA will
also develop PSA progression at 12 wk.

Received Dec. 2, 2019; revision accepted Feb. 6, 2020.
For correspondence or reprints contact: Andrei Gafita, Department of

Nuclear Medicine, Technical University of Munich, Klinikum Rechts der Isar,
Ismaninger Straße 22, 81675 Munich, Germany.
E-mail: andrei.gafita@tum.de
Published online Feb. 28, 2020.
COPYRIGHT© 2020 by the Society of Nuclear Medicine and Molecular Imaging.

1476 THE JOURNAL OF NUCLEAR MEDICINE • Vol. 61 • No. 10 • October 2020

http://ClinicalTrials.gov
mailto:andrei.gafita@tum.de


MATERIALS AND METHODS

Patient Population and Treatment Regimen

Patients with progressive mCRPC treated with 177Lu-PSMA imag-
ing and therapy (177Lu-PSMA) at our institution under a compassion-

ate-access program (9) were retrospectively considered for this
analysis. All patients provided written informed consent. The retro-

spective data analysis was approved by the Medical Ethics Committee
of the Technical University of Munich (reference number: 115/18S).

Eligible patients had available serum PSA levels at baseline and after

6 wk of treatment and survival data. When available, PSA measure-
ments 12 wk after 177Lu-PSMA initiation were also extracted. Our

institutional eligibility criteria for 177Lu-PSMA are provided in Supple-
mental Table 1 (supplemental materials are available at http://jnm.

snmjournals.org).
Intravenous treatment with 7.4 GBq of 177Lu-PSMA was applied

every 6–8 wk and was continued for up to a maximum of 6 cycles in
patients with the absence of progressive disease and a lack of severe

toxicity, according to the investigator. Progressive disease was defined
as biochemical, imaging-based, or clinical progression according to

PCWG3 criteria (12). For biochemical progression earlier than 12 wk,
the treatment continuation/discontinuation decision was made on the

basis of available imaging, laboratory tests, and the patient’s perfor-
mance status. Patients who successfully completed the initial treat-

ment ($50% decline in PSA) were considered for further 177Lu-PSMA
treatment in a rechallenge setting, as recently described (17). Patients

were evaluated using PSMA-targeted PET/CT at baseline and every
2 cycles.

Endpoints

The coprimary endpoints were overall survival and imaging-based

progression-free survival. The secondary endpoints were PSA changes

at 12 wk after 177Lu-PSMA initiation and PSA flare-up. Imaging-based

progression-free survival was defined as the time between treatment
initiation and the occurrence of imaging-based progression or death.

Using modified PCWG3 criteria, we defined imaging-based progression

as at least 2 new bone metastases on PSMA-targeted PET, any new soft-

tissue lesion on morphologic imaging or PSMA-targeted PET, or soft-

tissue progression on CT, in accordance with RECIST version 1.1 (12).

The percentage changes in PSA from baseline at 6 and 12 wk were

categorized as response ($30% decline), progression ($25% increase),

and stable (,30% decline and ,25% increase). A subanalysis de-

fining the PSA response as a decline of greater than or equal to 50

from baseline was performed. The evaluation of PSA changes was con-

sistent with published consensus guidelines (PCWG3) (12). PSA flare-up

was defined as an increase of at least 25% at 6 wk followed by any

decline below baseline levels at 12 wk.

Statistical Analysis

The results are presented as median and interquartile range (IQR)

for continuous variables and as number and percentage for categoric

variables. Kaplan–Meier analysis was used to estimate overall survival

and imaging-based progression-free survival. The log-rank test was

used to compare survival curves between groups of patients according

to PSA changes at the 6- and 12-wk time points. Associations among

PSA changes, radiologic progression, and survival were evaluated in

univariable and multivariable Cox regression analyses. The multi-

variable Cox models included PSA changes after 6 wk as a categoric

variable, clinical history (Gleason score at diagnosis, metastasis

status at diagnosis, time since diagnosis of prostate cancer, and

chemotherapy status), and baseline characteristics (presence of vis-

ceral metastases, Eastern Cooperative Oncology Group performance

status, pain status, and PSA, lactate dehydrogenase, and alkaline

phosphatase levels). Continuous variables with a nonnormal distri-

bution were log-transformed. The Spearman

r-correlation coefficient (r) was calculated

to evaluate the association between the per-

centage of PSA decline at 6 wk and that at

12 wk. The association between the PSA

response at 6 wk and that at 12 wk as di-

chotomized variables (progression/nonpro-

gression) was assessed using x2 and relative

risk tests. Statistical analyses were per-

formed using SPSS version 22 (IBM) and

STATA version 15 (StataCorp LLC).

RESULTS

From 160 considered patients, we iden-
tified 124 consecutive patients who met the
eligibility criteria. The first 177Lu-PSMA
treatment was administered in December
2014, and the last cycle was administered
in September 2018. The cutoff for follow-
up was September 1, 2019. All patients had
available PSA values at 6 wk, at a mean
time of 6.16 (95% CI, 6.03–6.29) wk after
treatment initiation. Of the 124 patients,
115 had available PSA values at 12 wk,
at a mean time of 12.03 (95% CI, 11.81–
12.26) wk after treatment initiation. The
study protocol is displayed in Figure 1.
Baseline characteristics are summarized
in Table 1; 96 patients (77%) had received
previous chemotherapy, 20 (16%) hadFIGURE 1. Study protocol. LuPSMA 5 177Lu-PSMA imaging and therapy.
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received second-line cabazitaxel, and all patients had previously

received abiraterone or enzalutamide.
Overall, 429 cycles of 177Lu-PSMA were administered, at a

median of 3 (IQR, 2–5) cycles per patient. All patients received

cycle 1 of 177Lu-PSMA, and 118 patients (95%), 61 patients

(49%), and 28 patients (23%) received cycles 2, 4, and 6, respec-

tively. The median number of treatment cycles was lower in pa-

tients with PSA progression after 6 wk of treatment (2 [IQR, 2–2]

cycles) than in those who had stable PSA (4 [IQR, 2–5] cycles)

or a PSA response (4 [IQR, 4–6] cycles) (P , 0.001). Twelve

patients (10%) received further 177Lu-PSMA treatment in a rechal-

lenge setting. The median follow-up was 23.4 mo (IQR, 20.0–28.7),

and 109 patients (88%) were deceased at the last follow-up. The

median overall survival was 13.4 mo (95% CI, 11.1–15.6), and the

median imaging-based progression-free survival was 3.3 mo (95%

CI, 2.0–4.6).

PSA Changes at 6 and 12 wk

The median PSA change at 6 wk was 211.8% (IQR, 249.2% to
38.75%), whereas at 12 wk it was212.8% (IQR,262.8% to 62.5%).

Fifty patients (40%) experienced a greater than or equal to 30% de-

cline in PSA at 6 wk after 177Lu-PSMA initiation, whereas 30 patients

(24%) achieved a greater than or equal to 50% decline in PSA and 36

patients (29%) had PSA progression. At 12 wk, 50 patients (43%)

experienced a greater than or equal to 30% decline in PSA, whereas

39 patients (33%) achieved a greater than or equal to 50% decline in

PSA. Among the 115 patients with PSA values available at both 6-

and 12-wk time points, 25 of 28 patients (89%) with an early PSA

decline of greater than or equal to 50% showed a biochemical re-

sponse at 12 wk, 41 of 48 patients (85%) with an early PSA decline

of greater than or equal to 30% achieved a greater than or equal to
30% PSA decline at 12 wk, and 29 of 31 patients (94%) with early
PSA progression experienced PSA progression at 12 wk (Tables 2
and 3). The percentage changes in PSA at 6 and 12 wk were highly
associated (r 5 0.90; P , 0.001).
Of the 36 patients with PSA progression at 6 wk, 5 underwent an

additional imaging-based assessment at 6 wk (as previously de-
scribed (18)) and discontinued the treatment because of progres-
sive disease; however, 29 of the remaining 31 patients (94%)
had PSA progression at 12 wk. All 29 of these patients experi-
enced progressive disease at 12 wk; this condition led to 177Lu-
PSMA discontinuation. Of the remaining 2 patients, 1 (3%) had
stable PSA at 12 wk and 1 (3%) showed a greater than or equal
to 30% decline in PSA at 12 wk. Overall, 1 of 36 patients (3%)
with PSA progression at 6 wk (representing 0.8% of the over-
all cohort) achieved a PSA decline below baseline levels at
12 wk. Patients with PSA progression at 6 wk had a higher likeli-
hood of experiencing PSA progression at 12 wk than patients with-
out early PSA progression (relative risk, 8.7; 95% CI, 4.6–16.3)
(P , 0.001). PSA progression at 6 wk had a sensitivity of 93.5%
and a specificity of 89.3% for predicting biochemical progression at
12 wk.

Early PSA Changes and Overall Survival

In a landmark analysis at 6 wk, a greater than or equal to 30%
decline in PSA at 6 wk was associated with longer overall survival
(median, 16.7 mo; 95% CI, 14.4–19.0) than stable PSA (median,
11.8 mo; 95% CI, 8.6–15.1) (P 5 0.007) or PSA progression
(median, 6.5 mo; 95% CI, 5.2–7.8) (P, 0.001) (Fig. 2A). Patients
with a greater than or equal to 30% decline in PSA at 6 wk also

TABLE 1
Baseline Characteristics for 124 Patients

Characteristic All patients (n 5 124)

Age (y) 73 (66–77)

Time since diagnosis

of prostate cancer (y)

7 (4–11)

Gleason score at diagnosis*

,8 41 (36%)

$8 74 (64%)

M status at diagnosis

M0 79 (64%)

M1 45 (36%)

Primary treatments

Prostatectomy ±
lymphadenectomy

72 (58%)

Local radiotherapy 15 (12%)

Systemic treatment 37 (30%)

PSA (ng/mL) 137 (35–347)

Lactate dehydrogenase (U/L) 264 (217–349)

Total alkaline phosphatase (U/L) 121 (72–247)

Hemoglobin (g/dL) 11.2 (9.9–12.3)

ECOG performance status

0 28 (23%)

1 87 (70%)

2 9 (7%)

Pain status at baseline†

Symptomatic disease 77 (62%)

Asymptomatic disease 47 (38%)

Previous systemic treatments

Androgen deprivation therapy 124 (100%)

Docetaxel 94 (76%)

Cabazitaxel 20 (16%)

Previous chemotherapy 96 (77%)

Abiraterone or enzalutamide

or both

124 (100%)

223Ra 24 (19%)

Prior lines of systemic treatments

1 8 (6%)

$2 116 (94%)

$3 70 (56%)

$4 27 (22%)

$5 6 (5%)

Sites of disease on PSMA PET

Bone 116 (94%)

Lymph nodes 101 (81%)

Viscera‡ 38 (31%)

Bone 1 lymph nodes 92 (74%)

Bone 1 lymph nodes 1 viscera 28 (23%)

*Data were missing for 9 patients.
†Symptomatic disease was defined as presence of pain or use of

opioids for cancer-related pain at treatment initiation; asymptomatic

disease was defined as no pain and no opioid use at baseline.
‡Viscera include lungs, liver, and adrenal glands.

ECOG 5 Eastern Cooperative Oncology Group.
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had a lower risk of death than patients with
stable PSA (hazard ratio [HR], 0.54; 95%
CI, 0.33–0.86) (P 5 0.01), whereas pa-
tients with PSA progression had a higher
risk of death than patients with stable PSA
(HR, 1.77; 95% CI, 1.11–2.85) (P 5 0.01).
In the multivariable Cox model including
greater than or equal to 30% PSA de-
cline, PSA changes at 6 wk (response:
HR, 0.45 [95% CI, 0.25–0.78]; progres-
sion: HR, 1.98 [95% CI, 1.11–3.52]),
presence of visceral metastases (HR,
1.97; 95% CI, 1.17–3.32), Eastern Cooper-
ative Oncology Group performance status
(0 vs. 2: HR, 3.54; 95% CI, 1.36–9.20), time
since prostate cancer diagnosis (HR, 0.34;
95% CI, 0.14–0.78), and baseline PSA
levels (HR, 1.63; 95% CI, 1.14–2.33) were
significantly associated with overall survival
(Table 4).
In brief, a greater than or equal to 50%

decline in PSA at 6 wk (median, 19.4 mo;
95% CI, 13.9–24.9) was not significantly
associated with longer overall survival than
stable PSA (median, 12.6 mo; 95% CI,
10.7–14.6) (P 5 0.052) but was signifi-
cantly associated with PSA progression
(median, 6.5 mo; 95% CI, 5.2–7.8) (P ,
0.001) (Fig. 2B).

Early PSA Changes and

Progression-Free Survival

A greater than or equal to 30% decline
in PSA at 6 wk was associated with longer
imaging-based progression-free survival
(median, 7.1 mo; 95% CI, 4.7–9.5) than
stable PSA (median, 2.0 mo; 95% CI,
0.1–4.1) (P 5 0.01) or PSA progression
(median, 1.2 mo; 95% CI, 1.1–1.3) (P ,
0.001) (Fig. 3A). Patients with a greater
than or equal to 30% decline in PSA at 6
wk also had a lower risk of imaging-based
progression than patients with stable PSA
(HR, 0.60; 95% CI, 0.38–0.94) (P 5 0.02),

whereas patients with PSA progression had a higher risk of imag-
ing-based progression than patients with stable PSA (HR, 3.18;
95% CI, 1.95–5.21) (P , 0.001). In the multivariable Cox model
including greater than or equal to 30% PSA decline, PSA changes
at 6 wk (response: HR, 0.47 [95% CI, 0.28–0.80]; progression:
HR, 3.70; 95% CI, 2.09–6.89), chemotherapy status (HR, 1.75;
95% CI, 1.02–3.00), and metastasis status at diagnosis (HR, 1.78;
95% CI, 1.05–3.02) were significantly associated with imaging-
based progression-free survival (Table 5).

In brief, a greater than or equal to 50% decline in PSA at 6 wk
was not significantly associated with longer imaging-based pro-
gression-free survival (median: 7.1 mo; 95% CI 4.6–9.6) com-
pared with stable PSA (median: 3.6 mo; 95% CI 1.1–6.1; P 5
0.30), but to PSA progression (median: 1.2 mo; 95% CI 1.1–1.3;
P , 0.001) (Fig. 3B).

TABLE 2
Relationship Between PSA Changes at 6 Weeks and Those
After 12 Weeks When $30% PSA Decline Was Included as

Early PSA Response

PSA changes

at 6 wk

PSA changes after 12 wk

Stable $30% decline Progression

Stable 19 (53) 8 (22) 9 (25)

$30% decline 7 (15) 41 (85) 0 (0)

Progression 1 (3) 1 (3) 29 (94)

Data are reported as numbers of patients; values in parenthe-

ses are percentages of patients (as percentage of total per row).

FIGURE 2. Kaplan–Meier curves of landmark analysis of overall survival based on changes in

PSA at 6 wk, considering response to be $30% PSA decline (A) or $50% PSA decline (B).

EARLY PSA CHANGES DURING 177LU-PSMA • Gafita et al. 1479



DISCUSSION

In the present retrospective analysis, we found that PSA
measurements as early as 6 wk after 177Lu-PSMA initiation were
associated with clinical outcome in patients with mCRPC. Most
importantly, a 30% PSA decline at 6 wk was associated with
longer overall survival than stable PSA or PSA progression.

Moreover, PSA flare-up was very uncommon, involving less than
1% of the entire patient population. As the treatment of mCRPC
becomes more complex, with evolving definitions of disease pro-
gression, improved biomarkers for rapid recognition of resistance
are warranted. Rapid treatment discontinuation in patients show-
ing inherent resistance to a drug may have decisive implications
for the clinical outcome to the following treatments (19). In a
recent study inquiring about specialists9 experience in treating
mCRPC outside clinical trials, it was reported that 41.4% of the
interviewed physicians disregarded changes in PSA before 12 wk
of treatment, making decisions about treatment discontinuation
based only on clinical progression (20). Traditionally, an evalu-
ation of PSA changes earlier than 12 wk of treatment has been
discouraged (12), since flare reactions have been described in
greater than or equal to 20% of patients treated with taxanes
(13,21). Unlike data for chemotherapy, our data indicate that
an early PSA flare-up, defined as an increase of 25% in the first
6 wk followed by a decline below baseline levels at 12 wk, is
very uncommon after 177Lu-PSMA. Only 1 of 36 patients (3%)
showing initial PSA progression achieved a PSA decline below base-
line levels at 12 wk, involving less than 1% of the entire cohort.
Similar results have been reported for new-generation hormonal
agents (15,16).

TABLE 4
Landmark (Week 6) Multivariable Cox Model for Association with Overall Survival

Variable Description

No. of

patients

% of

patients HR 95% CI P

Categoric

PSA changes after 6 wk* Stable 38 31 1.00

Response 50 40 0.45 0.25–0.78 0.005

Progression 36 29 1.98 1.11–3.52 0.01

Gleason score at diagnosis ,8 41 36 1.00

$8 74 64 0.83 0.51–1.36 0.47

M status at diagnosis M0 76 66 1.00

M1 39 34 1.16 0.70–1.94 0.54

Chemotherapy status Before chemotherapy 26 23 1.00

After chemotherapy 89 77 1.08 0.65–1.81 0.75

Site of metastases Nonvisceral 79 69 1.00

Visceral 36 31 1.97 1.17–3.32 0.01

ECOG performance status 0 27 23 1.00

1 79 69 1.40 0.85–2.30 0.17

2 9 8 3.54 1.36–9.20 0.009

Pain status at baseline† Asymptomatic disease 42 36 1.00

Symptomatic disease 73 64 0.68 0.42–1.09 0.11

Continuous

Time since diagnosis (log10 y) Median, 0.81 IQR, 0.57–1.05 0.34 0.14–0.78 0.01

PSA (log10 ng/mL) Median, 2.13 IQR, 1.54–2.54 1.63 1.14–2.33 0.007

LDH (log10 U/L) Median, 2.42 IQR, 2.33–2.54 1.03 0.29–3.56 0.96

tALP (log10 U/L) Median, 2.08 IQR, 1.85–2.39 0.87 0.43–1.76 0.68

*Stable 5 PSA decline of ,30% and ,25% increase; response 5 PSA decline of $30%; progression 5 PSA increase of $25%.
†Asymptomatic disease5 no pain and no opioid use at baseline; symptomatic disease5 presence of pain or use of opioids for cancer-

related pain at treatment initiation.
ECOG 5 Eastern Cooperative Oncology Group; LDH 5 lactate dehydrogenase; tALP 5 total alkaline phosphatase.

TABLE 3
Relationship Between PSA Changes at 6 Weeks and Those
After 12 Weeks When $50% PSA Decline Was Included as

Early PSA Response

PSA changes

at 6 wk

PSA changes after 12 wk

Stable $50% decline Progression

Stable 33 (59) 14 (25) 9 (16)

$50% decline 3 (11) 25 (89) 0 (0)

Progression 2 (6) 0 (0) 29 (94)

Data are reported as numbers of patients; values in parenthe-

ses are percentages of patients (as percentage of total per row).

1480 THE JOURNAL OF NUCLEAR MEDICINE • Vol. 61 • No. 10 • October 2020



A strategy involving early switching between taxanes on the
basis of PSA status at 12 wk has been associated with an improved
PSA response rate (TAXYNERGY) versus the results for the
historical control (TAX327) (11). In the present study, a 30% or
greater decline in PSA at 12 wk was associated with longer overall
survival (16.6 mo) than stable PSA (10.7 mo) or PSA progression
(5.8 mo) (P , 0.001). Therefore, a switching strategy at 12 wk
based on a 30% PSA decrease might identify patients who may or
may not further benefit from the therapy and should be further
investigated.
Nevertheless, therapies can increase differentiation (and slow

progression) of prostate cancer, leading to increasing PSA levels
despite reducing tumor volume (22). With this information in mind,
current guidelines (12,23) highlight the importance of avoiding sole

reliance on PSA measurements during therapeutic assessment and
recommend a sufficient window of drug exposure, enabling treatment
until there is clear sign of imaging-based or clinical progression.
However, we found that 94% of patients showing PSA progression
at 6 wk after 177Lu-PSMA initiation developed imaging-based pro-
gression within 12 wk, resulting in treatment discontinuation. In ad-
dition, patients who had a 25% PSA increase at 6 wk had shorter
survival and were 8.7 times more likely to show biochemical progres-
sion at 12 wk. These results may be of clinical relevance, especially in
a scenario in which 177Lu-PSMA is administered at an earlier stage of
mCRPC, with other therapeutic options still being available. In addi-
tion to the ongoing phase 3 clinical trial investigating the efficacy of
177Lu-PSMA versus the best standard of care (VISION; Clinical-
Trials.gov identifier: NCT03511664), 177Lu-PSMAversus cabazitaxel

(second-line chemotherapy) is also being in-
vestigated in a phase 2 randomized trial
(TheraP; ClinicalTrials.gov identifier:
NCT03392428). These clinical trials might
enable drug approval and the possibility of
177Lu-PSMA being offered as a third-line
or even second-line treatment for mCRPC.
Positive results regarding the long-term
outcome for patients treated with 177Lu-PSMA
in a phase 2 clinical trial were recently report-
ed (24).
One previous study found a PSA decline

of at least 20.9% after 1 cycle of 177Lu-
PSMA to be independently associated with
longer overall survival (25). However, the
clinical utility of this definition is limited
because this cutoff was derived by fitting a
retrospective receiver operating character-
istic curve analysis. In other retrospective
analyses, the lack of a 30% PSA decline
after the first therapy cycle with 177Lu-
PSMA was associated with shorter survival
(9,26). However, in corresponding multivariate
analyses, only the presence of visceral metas-
tases and elevated lactate dehydrogenase levels
remained independent predictors for overall
survival. In the multivariable Cox model in
the present study, PSA changes at 6 wk were
independently associated with overall survival
along with other variables (presence of visceral
metastases, Eastern Cooperative Oncology
Group performance status, time since diagnosis
of prostate cancer, and baseline PSA levels). For
patients with an insufficient response to 177Lu-
PSMA, 2 modified treatment regimens have
been proposed for an improved therapeutic
outcome: accelerated administration at inter-
vals of 4 wk (currently 6–8 wk) and a dose
escalation strategy (27). However, these 2
regimens might not improve treatment effi-
cacy in patients showing inherent drug
resistance, with possibly high toxicity
levels. Thus, patients showing an initial
high sensitivity to 177Lu-PSMA (.30%
PSA decrease at 6 wk) are most likely
to experience a clinical benefit from any
of these proposed regimens.

FIGURE 3. Kaplan–Meier curves of landmark analysis of imaging-based progression-free sur-

vival based on changes in PSA at 6 wk, considering response to be $30% PSA decline (A) or

$50% PSA decline (B).
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Imaging-based progression-free survival (often termed ‘‘radio-
graphic progression-free survival’’) has been commonly used as a
primary/coprimary endpoint in phase 3 clinical trials for mCRPC,
being significantly associated with overall survival (28). In our
analysis, the PSA response at 6 wk was significantly associated
with longer imaging-based progression-free survival (median, 8.4
mo) than stable PSA (3.3 mo) or PSA progression (2.5 mo). Sim-
ilar to the results for overall survival, PSA changes at 6 wk were
significantly associated with imaging-based progression-free sur-
vival along with other variables (chemotherapy status and pres-
ence of distant metastases at diagnosis).
We found that a 50% decline in PSA at 6 wk showed a clear

trend toward improved survival; however, in contrast to a 30%
decline in PSA, it failed to be associated with longer survival. At first
glance, this finding appears paradoxical; intuitively, a greater PSA
decline should be associated with a stronger antitumor effect.
However, the inability to establish the association of early PSA
measurements with clinical outcome at higher rates of PSA declines
may reflect the fact that fewer patients achieved higher-percentage
PSA declines, leading to a reduction in statistical power. In the
present study, at 6 wk after 177Lu-PSMA treatment, 24% of patients
had PSA declines of greater than 50%, whereas 40% of patients had
PSA declines of greater than 30%. However, other studies testing

PSA changes at 12 wk for surrogacy found similar results, with a
50% decline in PSA failing to meet the surrogacy criteria, whereas a
30% decline did (7).
The present study has several limitations. First, because of its

retrospective nature and single-center experience, the findings of
the present study need to be further evaluated in a prospective
multicenter setting. Second, current guidelines recommend the use
of bone scanning and CT for imaging-based assessment (12),
whereas in the present study, patients were evaluated using hybrid
PSMA-targeted PET/CT. The fact that PSMA-targeted PET showed
a higher sensitivity than conventional imaging techniques might
result in a bias toward shorter imaging-based progression-free sur-
vival (29).
Compared with taxanes, new-generation hormonal agents as

well as 177Lu-PSMA seem to have a different impact on PSA kinetics,
with flare reactions being rare. After a prospective validation, these
findings should be considered in future guidelines for mCRPC.

CONCLUSION

PSA changes at 6 wk after 177Lu-PSMA initiation are an early
indicator of long-term clinical benefit for both overall survival and
imaging-based progression-free survival. Patients with PSA progression

TABLE 5
Landmark (Week 6) Multivariable Cox Model for Association with Imaging-Based Progression-Free Survival

Variable Description

No. of

patients

% of

patients HR 95% CI P

Categoric

PSA changes after 6 wk* Stable 35 30 1.00

Response 45 40 0.47 0.28–0.80 0.006

Progression 34 30 3.79 2.09–6.89 ,0.001

Gleason score at diagnosis ,8 40 35 1.00

$8 74 65 0.67 0.40–1.11 0.12

M status at diagnosis M0 75 64 1.00

M1 39 36 1.78 1.05–3.02 0.03

Chemotherapy status Before chemotherapy 26 23 1.00

After chemotherapy 88 77 1.75 1.02–3.00 0.04

Site of metastases Nonvisceral 78 68 1.00

Visceral 36 32 1.28 0.79–2.07 0.31

ECOG performance status 0 27 24 1.00

1 79 69 1.03 0.63–1.66 0.90

2 8 7 1.27 0.53–3.08 0.58

Pain status at baseline† Asymptomatic disease 42 37 1.00

Symptomatic disease 73 63 0.87 0.55–1.37 0.55

Continuous

Time since diagnosis (log10 y) Median, 0.81 IQR, 0.57–1.05 0.61 0.27–1.37 0.23

PSA (log10 ng/mL) Median, 2.13 IQR, 1.54–2.54 1.05 0.76–1.44 0.76

LDH (log10 U/L) Median, 2.42 IQR, 2.33–2.54 0.35 0.08–1.38 0.13

*Stable 5 PSA decline of ,30% and ,25% increase; response 5 PSA decline of $30%; progression 5 PSA increase of $25%.
†Asymptomatic disease5 no pain and no opioid use at baseline; symptomatic disease5 presence of pain or use of opioids for cancer-

related pain at treatment initiation.

ECOG 5 Eastern Cooperative Oncology Group; LDH 5 lactate dehydrogenase; tALP 5 total alkaline phosphatase.
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after 6 wk of treatment could benefit from a very early decision to
switch treatment, resulting in a decrease in overtreatment. PSA
flare-up during 177Lu-PSMA treatment is very uncommon. Pro-
spective studies are now warranted to validate our findings and
potentially inform clinicians earlier on the effectiveness of
177Lu-PSMA.
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KEY POINTS

QUESTION: Are PSA changes after 6 wk of treatment with 177Lu-

PSMA associated with clinical outcome in patients with mCRPC?

PERTINENT FINDINGS: In a retrospective study including 124

patients, PSA progression after 6 wk of 177Lu-PSMA treatment

was associated with shorter overall survival and progression-free

survival than PSA response and stable PSA. Overall, only 3% of

patients with PSA progression at 6 wk achieved any PSA decline

at 12 wk (1% of the entire cohort).

IMPLICATIONS FOR PATIENT CARE: Patients with PSA pro-

gression after 6 wk of 177Lu-PSMA treatment could benefit from a

very early decision to switch treatment, resulting in a decrease in

overtreatment; PSA flare-up during 177Lu-PSMA treatment is very

uncommon.
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